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ABSTRACT
Thispaperpresentsanovelimageeditingprogramemphasiz-
ing easyselectionandmanipulationof materialfoundin in-
formal,casualdocumentssuchassketches,handwrittennotes,
whiteboardimages,screensnapshots,andscanneddocuments.
The program,calledScanScribe, offers four signi�cant ad-
vances.First, it presentsanew, intuitive modelfor maintain-
ing imageobjectsandgroups,alongwith underlyinglogic for
updatingthesein the courseof an editing session.Second,
ScanScribetakesadvantageof newly developedimagepro-
cessingalgorithmsto separateforegroundmarkingsfrom a
white or light background,andthuscanautomaticallyren-
derthebackgroundtransparentsothatimagematerialcanbe
rearrangedwithout occlusionby backgroundpixels. Third,
ScanScribeintroducesnewinterfacetechniquesfor selecting
imageobjectswith a pointing devicewithout resortingto a
paletteof toolmodes.Fourth,ScanScribepresentsaplatform
for exploitingimageanalysisandrecognitionmethodstomake
perceptuallysigni�cant structurereadilyavailableto theuser.
As a researchprototype,ScanScribehasprovenusefulin the
work of membersof our laboratory, andhasbeenreleasedon
a limited basisfor usertestingandevaluation.
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INTRODUCTION
Computereditingtoolscanbecharacterizedalongthedimen-
sionsshownin Figure1. Thehorizontalaxis representsthe
typeof imagerytheeditoris designedto handleona dimen-
sionrangingfromrichly complextohighlyconstrained.Three
majorcategoriesarephotorealisticscenes,2D graphics,and
text. Theverticalaxisrepresentsthedegreeof structureavail-
ableto a computerprogram.This rangesfrom unstructured,
whenindividualpixel intensitiesarerepresentedwithoutany
coherentobjectidentitiesrelatingthem,to highly structured

Figure 1: A two­dimensional conceptual view of com­
puter editing tools.

objectssuchas3D CAD-type models,vectorgraphics,and
asciitext.

Theclassof structuredimageeditorsincludesascii text edi-
torssuchasGnuEmacs,Microsoft Word, andWordperfect,
andstructuredvectorgraphicseditorssuchasMicrosoftPow-
erpoint,Corel Draw, andAdobeIllustrator. Thesetools al-
low theimportof bitmapimagesasindependentobjects,and
someareincreasinglyintegratingtools for manipulatingthe
contentof thesebitmapimages.

Theclassof unstructuredpixel-basededitorsincludes“paint”
style imagecreationprogramssuchasMicrosoft Paintand
JASCPaintShopPro.Otherprogramsareaimedtowardedit-
ing imagesof existingbitmapimages,suchasAdobePho-
toshopandGIMP. Thesearetargetedlargely to editing im-
agesof naturalphotographicimagery. As such,theyprovide
a hostof featuresandoptionsfor choosingcolors,selecting
imageregions,for paintingand�lling, organizingcollections
of pixelson differentlayers,andapplyingimageprocessing
�lters. A signi�cant trendis toprovideintelligenttoolswhose
behavioris governedby theunderlyingimagematerial,such
as“smart” scissorsthatfollow lightnessor colorboundaries,
and“red-eyeremoval” tools that �nd thepupilsof peoples'



eyesandremovephotographic�ash artifacts. The number
andcomplexityof featuresandoptionsin sophisticatedpho-
tographicimageeditingprogramstendsto renderthesepro-
gramsdif�cult to learnandcumbersometo use.For targeted
tasksandimageryof interest,we proposethata simplerand
moreaccessiblemodelis available.

Wesuggestthatanunexploredregionof theStructure/Imagery
spaceliesbetweenphotographicbitmapimageeditorsandstruc-
tureddocumenteditors.This is aclassof editorstargetedto-
ward what may be broadlyconstruedasdocumentimages,
thatis, bitmapimagesderivedfrom written textualor graph-
ical material.This includes,but is not limitied to, scannedor
renderedrepresentationsof formattedtext.

Oneneglectedclassof documentimagecanbereferredto as
roughdocuments. Thesearecasual,informaldocumentssuch
ashandwrittennotes,sketches,scribbles,doodles,annotations,
diagrams,line art, graphics,and�gures. Roughdocuments
areoftenassociatedwith creative,informal work processes.
Theyarefoundonnotepads,whiteboards,post-its,indexcards,
books,magazines,andon the backsof envelopes.Increas-
ingly, meansarebecomingavailablefor capturingroughdoc-
umentsnotonly via inexpensive�atbed scannersbutthrough
digital cameras,whiteboardscanners,tabletcomputers,and
instrumentedpens.Yet toolsfor editingroughdocuments—
excerpting,cleaning,rearranging,andcombiningimagemat-
erial—arelacking.

Despitetheirdiversity, imagesof roughandformaldocuments
aresubstantiallymoreconstrainedin theirstylisticappearance
andsemanticcontentthangeneralphotographicimagery. By
andlarge,documentsconsistof relativelydarkmarkings,or
foreground,setonarelativelylight background(althoughthe
dark/light foreground/backgroundrelationshipis sometimes
reversed).Furthermore,by virtueof theirpurposeasconvey-
orsof visualpatternsfor humancommunication,documents
typically containjust a few kindsof markings,namelytext,
graphics,andphotographs(althoughtherearecertainlyex-
ceptionsandblurringbetweentheseclasses).Theseconstraints
imply thateditingtoolscanbedesignedto facilitateselection
andmanipulationof thiskindof imageryspeci�cally, andthat
suchtoolsmight servesomeusers'purposesmorefaithfully
thangeneralphotographicimageeditors.Suchis a principal
motivationfor ScanScribe.

Oneof themostcritical propertiesof anyeditor is thefacil-
ity it providesfor selectingmaterial.Onceselected,standard
manipulationoperationsincludetranslating,rotating,scaling,
duplicating,deleting,andcopyingtoaclipboard.Vectorgraph-
ics editorstypically providefor selectionby two means,by
clicking themouseonanimageobject,or by draggingarect-
angleenclosurearoundoneor moreobjects.Paintandpho-
tographicimageeditorsprovidea paletteof enclosure-based
selectiontools,includingtypically rectangledrag,lasso,and
polygon.Someprogramsalsoprovidecolorbasedselection.
Dependinguponthe pointing deviceandthe user's dexter-

ity, selectionby draggingan encirclingor rectanglecanbe
marginally to substantiallymorecumbersomethansimply
pointingandclicking. Thereforewebelievethatgreaterfacil-
ity is providedto theuserto theextentthattheycanperform
selectionby directmeanssuchaspointingandclicking.

Ourlongtermgoalis WYPIWYG imageediting: “What You
PerceiveIs WhatYouGet.” Thetool shouldmaintainrepre-
sentationsof theimageobjectsandvisualstructurestheuser
is likely to perceiveassensiblechunksor objectsto select,
andmakethesereadilyavailablevia the interface.This en-
tails imageanalysisandrecognitionwhichcanbecomearbi-
trarily complex.ScanScribe'sarchitectureprovidesa frame-
work in which recognitionalgorithmscanbe broughtin in-
crementally, andarenotrequiredto workperfectlyto provide
usefulresults.

Thepaperis organizedasfollows. Section2 reviewsrelated
work. Section3 describesScanScribe'sdesignandnovelfea-
tures,includingthemaintenanceof imageobjects,fore-
ground/backgroundseparation,overloadeddragselection,and
�at groupingmodel.Section4 discussesour currentandon-
going efforts in recognitionof documentimagestructurein
casualline art andwritten text. Section5 reviewsour expe-
riencesusingScanScribeanddeployingit to users.Section6
concludeswith directionsfor futurework.

RELATED WORK
Overthepastdecadeanumberof groupshavecontributedto
thenotionof “smart” editorsthat re�ect awareness,at some
perceptualor semanticlevel,of thecontentof theimagema-
terial beingmanipulated[1, 3, 6, 12, 13, 17]. Implementa-
tionshavefocusedononlinepen/stylus-basedsystems,largely
becauserecognitionof markingson a stroke-by-strokebasis
is moretractablethanrecognizingtext andgraphicsin static
images. For example,the SATIN toolkit for building pen-
basedapplicationsprovidesfor modularinterchangeof dig-
ital ink strokerecognizers,whoseoutputcanthenberouted
ascommandgesturesor contentstrokes[7]. But this system
doesnotattemptto interpretgestureswith respectto anyun-
derlyingcontentimagelayer. Indeed,while accurateOCRof
scanned,printedtext hasbecomecommonplace,recognition
of scannedengineeringgraphicsremainson theedgeof re-
search,andrecognitionof roughdocuments,suchashand-
writing andsketcheddrawings,liestodaybeyondthecapabil-
ities of computervisionanddocumentimageanalysismeth-
ods.

Commercially, stylus-basedsmartsketchingtoolsaremainly
limitedtostroke-by-strokeconversionof digital ink inputinto
vectorgraphicobjectssuchasstraightlines,circles,andrect-
angles.Researchsystemsextendthesecapabilitiesto snap-
ping objectsto critical pointsandconstrainedcon�gurations
[5, 8] andtorecognitionof objectsconsistingof severalstrokes
[1, 3]. Both researchandcommercialsystemsalsodisplay
capabilitiesfor parsinghandwritinginto a logical hierarchy
of words,lines,andcolumnsof text [18, 20]. In yet further



work, logicalrelationsamongcollectionsof digital ink strokes
aremaintainedthroughrecognitionof characteristicdevices
of visuallanguagesuchasencirclings,linearseparators,and
arrows[11].

Asmentionedabove,photographicimageeditorssuchasAdobe
Photoshoparepowerfulbutareoverlycomplicatedfor many
purposesandarenot designedto facilitate editing of docu-
mentimagematerialin particular. Theirnotionof imagelay-
ersprovidesanorganizingprinciple for thecritical function
of groupingcollectionsof pixels togetherandoperatingon
themindependentlyfromothercollections.ScanScribe'scon-
ceptualmodelof divisible imageobjectscanbeviewedasa
variantof layers,butonethatoperatesfully automaticallyand
beneaththelevelof users'awareness.

Closein spirit to thepresentwork is the ImageEmacssys-
tem[2], whichperformedspatialanalysisof scannedimages
of formattedprinteddocumentsin orderto supportstructured
editingof thebitmapitself. In thissystem,thebitmapiscarved
into independentimageobjectsconsistingof connectedcom-
ponentsof foreground(printed)characters,organizedinto
groupingsrepresentingwords, lines andcolumnsre�ecting
thedocumentlayout.Editingoperationsconsistsof selecting
andthenmanipulatingthespatialpositionsof theseobjects.

SCANSCRIBE DESIGN AND FUNCTION
As a package,the ScanScribedocumentimageeditor com-
binesnewuserinterfacetechniques,a novelarrangementof
extantmethods,andnewlydevelopedimageprocessingalgo-
rithms,amountingto auniquelydistinctuserexperienceand
a frameworkfor enhancingthis experienceasdocumentim-
ageanalysistechniquesimproveovertime.

Selecting Image Material
At theheartof ScanScribeliestheability for theusertoeasily
selectwhateverimagematerialthey intend. Onceselected,
thestandardoperationsof dragging,cutting,duplicating,scal-
ing, rotating,aswell asothers,all apply. In ScanScribe,users
mayselectimagematerialby anyof four methods:

� Draga rectangle.
� Draga lasso.
� Drop theverticesof anencirclingpolygon.
� Click onanobject.

The�rst threeof thesearealwaysavailable.Thelast,click-
ing on anobject,becomesavailableany time imageobjects
havebecomeestablishedwithin theprogram.If theuserse-
lectsacollectionof pixelsbyrectangledrag,for example,and
thenmovesit, thesepixelsautomaticallybecomeanindepen-
dentimageobjectthatcansubsequentlybeselectedsimplyby
clicking on it.

Thestandardmethodfor providingtheuserwith anarrayof
selectionfunctionsis througha tool palette;clicking a tool
iconputsthesystemin thattool'smode,oftenre�ectedby the
cursorshape.For instance,onetool would put thesystemin

Figure 2: Overloaded lasso/rectangle mouse drag se­
lection technique obviates the need to choose between
these selection modes with a prior toolbar selection.

RectangleDragmode,whileanotherputsthesystemin Lasso
mode.

Tofacilitate�uid interactionwith imagematerial,ScanScribe
aimstominimizethenecessityfor priormodesettingandtool
palettes.Accordingly, we havefound power in an alterna-
tivenoveloverloadedmousedragselectiontechnique.When
the left mousebuttonis pressedon a de�ned imageobject,
thatobjectbecomesselectedandissoindicatedbyahighlight
halo. But whenmouse-leftis pressedover freespace(back-
ground),it simultaneouslyinitiatesa lassoselectionpathand
arectangleselectionpath.As themouseis dragged,theseare
bothdisplayedin anunsaturatedcolor (light grey),makingit
easyfor theuserto visually focuson theeithertherectangle
or thelassoandignoretheother. SeeFigure2. If theselection
pathproceedsto substantiallycloseonitself, thentherectan-
gle disappears.If the userreleasesthe mousebuttonwhile
theselectionrectangleis visible, thenthematerialenclosed
by therectangleis selected.If on theotherhandtheuserre-
leasesthemousebuttonwhenthepathhasclosedenoughthat
therectanglehasbeendiscarded,thentheimagematerialse-
lectedis thatenclosedby the lasso.In otherwords,thepro-
graminfersby theuser's selectionpathwhethertheyareat-
temptinga rectangleselectionor a lassoselection.

A fourth,polygonselectionoptionisalsoavailable,againwith-
out resortingto a tool palette.This is invokedby doubleleft
clicking themouse.Polygonselectionisusefulwhentheuser
wouldlike to beableto visuallyadjusttheboundariesof ase-
lectionregionastheygo. Verticesaredroppedby left mouse
clicks,andaleft doubleclick completesthepolygonselection
gesture.



Figure 3: Representing a scene in terms of an arrange­
ment of bitmap image objects. a. A graphic image
whose underlying representation consists of two im­
age objects positioned as shown in c. When the user
performs a selection gesture, b, the image objects are
carved into smaller pieces, d. This �gure is an abstrac­
tion; issues of depth ordering, transparency, and the
dimensions and effective shapes of the bitmap objects
comprising a rendered scene are addressed later in
the text.

Image Objects

At the startof an editing session,an imageloadedonto the
ScanScribecanvasconsistsof anundifferentiatedbitmapof
pixels. Oncea collectionof pixelsareselectedby anencir-
clingoperation(rectangle,lasso,orpolygon),however,anew
objectis createdrepresentingthis imagematerial. In imple-
mentation,theselectedpixels arecopiedinto a new bitmap
whosedimensionspanstheselectedregionandwhoseloca-
tion isdisplacedtoalignwith theoriginalselectedpixels,which
areerasedfrom theoriginal bitmap. SeeFigure3. Theuser
is thenfreeto dragthis newimageobjectaroundby holding
the left mousebutton. Whenthemouseis released,the im-
ageobjectremainsa separateobject,unlike a paintprogram
whichpastesselectedpixelsbackinto a common�at canvas
layer. Oncethis imageobjecthasbeencreated,it maysub-
sequentlybe selectedby positioningthemouseoverany of
its foregroundpixels,andclicking left. Subsequentdragse-
lectionoperationscarvetheexistingbitmapobjectsinto yet
smallerpieces.Thisorganizationis akin to imagelayers,but
without any demandon the user's consciousattention,and
without consumingscreenspacewith complexlayercontrol
apparatus.Onesubtletyof this interactionpertainsto thedis-
tinctionbetweenforegroundandtransparentbackgroundpix-
els. This is elaboratedbelow.

Figure 4: Hierarchical tree versus lattice grouping
models. a. A scene which may be conveniently seg­
mented into nine primitive bitmap objects. b. A hierar­
chical tree structure is capable of representing groups
corresponding to, for example, the row structure and
the entirety of this tabular image, but not both the row
and column structure. c. A �at lattice grouping model
permits simultaneous representation of rows, columns,
and the entire table, because primitive objects may be
linked to more than one parent composite object.

Lattice Grouping
An importantfacility in imageeditorsis the ability to form
groups,or temporarybindingsof primitive objects,to which
translation,scale,copy, orotheroperationswill applyin com-
mon. Thestandardmodelfor groupingis a hierarchicaltree
structure,asillustratedin Figure4b. Most usersof Power-
Pointarefamiliar with thetedious
ungroup-ungroup-ungroup:change:regroup-regroup-regroup
procedurerequiredto modify oneobjectnestedat thebottom
of a groupinghierarchy. Also unfortunately, thehierarchical
groupingmodelimposesthesevereconstraintthatanobject
canbelongtoatmostonegroup.Thisprohibitsthesimultane-
ousexistenceof multipleoverlappingyetmeaningfulgroups.

ScanScribedepartsfromthehierarchicaltreegroupingmodel
and insteadfollows a �at lattice groupingstructureaspro-
posedin [17]. Any primitive imageobjectmaybelongto any
numberof groups,or compositeobjects,asillustratedin Fig-
ure4b.

Theuserinterfaceproblemraisedby the�at groupingmodel
is, how to invokeanygiventargetgroupthatmayhavebeen
established.Relatedto thisquestionis, howto displayto the
userwhat groupshaveindeedbeenestablishedso they can
chooseamongthem. Onepossibility is to popup a menuof
choices;anotheris to overlaygraphicalvisualizationsof se-
lectableimagestructures.Theseapproachescouldfaceprob-
lemsof visualclutterandscalability, but theybearinvestiga-
tion andcreativeexploration.ScanScribesettlesonasimple
technique:clicking themouseonanimageobjectselectsjust
that object. Clicking againselectsthe setof objectsrepre-



Figure 5: Mouse­right pop­up menu showing locally
available edit operations.

sentedby the�rst group,in asequenceof groups,thatareas-
sociatedwith theprimitiveobjectclicked.Subsequentmouse
clickscyclethroughthegroupsin thesequence.

Eachprimitive imageobjectmaintainsits ownorderedlist of
groupsthatit belongsto. Eachtimeanygroupis operatedon,
for examplemovingor rotatingit, thatgroupis promotedto
the front of the grouplist for eachconstituentobject in the
group.In thiswayeachprimitive objectmaintainsits partic-
ipantgroupsin most-recently-usedorder.

Groupsmaybeestablishedby anexplicit “group” command,
or they may be createdautomatically. Clicking the mouse-
right buttononanyselectedobject(s)invokesapop-upmenu
of commands,asshownin Figure5. Oneavailablecommand
is to form a group,assumingtheselectedsetcontainsmore
thanoneprimitiveobject.Notealsotheavailabilityof amerge
commandwhich permanentlybindsa selectedsetof primi-
tivesintoasinglebitmapimageobject.A groupisestablished
automaticallywhenevertheuserselectsandthenoperateson
two or moreprimitives. And, anobjectis automaticallyex-
pelledfromagroupanytimeit ismovedfar fromthatgroup's
spatiallocus.

Becauseprimitive imageobjectscanbecarvedinto smaller
objectsat any time by dragselection,andsetsof primitives
canbemergedinto a singleobject,somebookkeepingmust
goon to maintainconsistentandcoherentgroupingstructure
aseditingproceeds.For example,if anobjectbelongingto
agroupis dividedby selectioninto two smallerobjects,both

Figure 6: Illustrations of representative logic for main­
taining consistency of grouping relations through edit­
ing operations. a. An image containing a group (Com­
posite Object) of four primitive image objects is cut into
smaller pieces by a selection stroke. b. The resulting
grouping structure must re�ect the fragmentation of
this image object, “C”. A second group is formed by
virtue of the encircling selection. c. A grouping of �v e
primitive image objects. d. When two of these are
dragged away, the single group is destroyed but the
resulting groups should preserve sensible remnants of
the original bindings.

of thesenewobjectsmustinheritthegroupinglinkspossessed
by theoriginal. Someof themajorbookkeepingrequirements
areillustratedin Figure6.

The resultof this model is a very intuitive interactionwith
documentimagematerial. Onecanquickly individuatese-
manticallysigni�cant imageobjectsby mousedragging,and
oncecreated,selectthemagainbyclicking. Theshiftkeyper-
mitseditingof theselection,thatis,addingandremovingob-
jectsfromthehighlightedselectedset.Onceanycollectionof
objectshavebeenoperatedonasa group,this groupmaybe
readilyrevisitedby clicking themousesomenumberof times
on anymemberof thegroup.Oneshortcomingof this inter-
actiondesign,whichisalsocommontoPowerPointandother
programswith hierarchicalgrouping,is thatit is not visually
apparentwhatgroupsareactuallyin existence.In themost
commoncondition,however, usersseemto maintainaback-



groundawarenessof thegroupstheyhavebeenusingrecently
onthebasisof constituentobjects'visuallayoutandtheirse-
manticrolesin thescene.Thismatterbearsfurtherinvestiga-
tion throughin-depthobservationalstudies.

Foregr ound/Bac kgr ound Separation
AlthoughScanScribe'seditingfunctionscanbeappliedtoany
bitmapimage,theprogramisdesignedtowardeditingof rough
andformal documentimagesin which foregroundmarkings
arearrayedagainsta white or light background.Important
purposesfor editing in this imagedomainincludecleaning
upimageclutterandnoise,rearrangingtextandgraphics,and
combiningmaterialfromdifferentsources.Only theforeground
pixelsaresigni�cant in theseregards,andit is importantthat
backgroundpixelsneveroccludeforegroundpixelsasimage
objectsaremovedaround. Thereforeit is normally critical
thatbackgroundpixelsberenderedtransparent.

Modernphotographicimageeditorsprovide“magic wand”
facilitiesfor selectingcollectionsof pixelsonthebasisof color
or lightness,whichcanthenbesettransparent.Dependingon
the imagesource,this canbe a tediousprocess.For exam-
ple, usersin one�eld studywe haveundertakenreportthat
usingPhotoshopit takeson average20 minutesto cleanup
thebackgroundin imagesof graphicchartscapturedwith a
digital camera.A recentcommercialproduct,calledWhite-
BoardPhoto,addressesthisproblembyprovidingimagepro-
cessingthat normalizesimagelightnessandcontrastacross
an unevenlylighted documentimagein a one-stepprocess,
leavingthebackgrounda uniformwhite.

ScanScribeincludesanimageprocessingmodulethatperforms
this kind of documentimagecolornormalizationandsetting
of atransparentbackground.Oneshortcomingof Whiteboard
Photoandothertechniquesemployinghigh-pass�ltering to
distinguishrelatively compactdark markingsagainstwhite
or light background[15], is that theycorrupttheinteriorsof
largerforegroundobjects.SeeFigure7. ForScanScribe,we
havedevelopedaforeground/backgroundseparationalgorithm
thatusesaniterativetechniqueto estimateandinterpolatethe
color distributionof light backgroundacrossthe scene.To
distinguishforegroundfrombackgroundweemployacombi-
nationof high-pass�ltering anddistancemeasuresonpixels'
HSB values.Figure7c showsa representativeresult. Fore-
ground/backgroundseparationcanbe appliedselectivelyto
entireimagesor regionsof imagesthathavebeenloadedinto
ScanScribe,or notatall. Underoneuseroptionthisprocess-
ing canalsobeappliedautomaticallywheneveran imageis
loaded.

Anc horing Image Objects
Onceforeground/background separationhasbeenachieved,
themousebehavesdifferentlywhenpositionedovervisible
foregroundor transparentbackground,andthecursorchanges
accordinglyasit passesacrosstheimage.Whenpressedona
foregroundimageobject,themouseselectsthatobject.Hold-
ing themousebuttonanddraggingpermitsmovingof thatob-
ject. Repeatedclicking cyclesthroughthegroupsthatobject
belongsto. Whenthemouseispressedovertransparentback-
ground,dragselectionis initiatedvia theoverloadedrectan-
gle/lassotechniquedescribedabove. This division of func-
tion workswell undertheassumptionthatdragselectionop-

a

b

c

Figure 7: a. Original digital camera image. b. Pro­
cessing by the commercial product, Whiteboard Photo.
Note degradation of the solid color regions. c. Re­
sult of our algorithm which detects large foreground
regions.



erationswill beusedto selectvisible foregroundimageob-
jectsmostlyorentirelysurroundedbytransparentbackground.

On occasion,however, it is necessaryto performdragselec-
tion initiated on foregroundpixels, for exampleto perform
lassoselectionona person's facein a photograph.For these
instances,it ispossibletoanchoranimageobject,viatheright-
mouseinvokedpop-upmenu.Whenanchored,animageob-
jectcannotbeselectedby positioningthemouseandclicking
onit. Instead,amousepressonananchoredimageobjectin-
vokesthestandarddragselectionfacility. Imageobjectsthat
areanchoredmay be un-anchoredby completelyenclosing
themwith a lasso,rectangle,or polygonencirclingselector,
or via theEdit menuitems,“SelectAll” or “SelectAnchored
ImageObjects.”

In our experience,thenotionof anchoringis thesinglemost
confusingaspectof ScanScribeto noviceusers. To under-
standtherationalefor theconceptrequiresunderstandingthe
notionof differentiatedimageobjects,thedualclick/drag
modesof selecting,andthedistinctionbetweenvisible fore-
groundandtransparentbackground.Thenoviceuserdoesnot
sit downwith theseconceptsimmediatelytohand.Thegreat-
estdangerof confusionoccurswheneditingadocumentcon-
tainingpurewhitebackground,but for which foreground/
backgroundseparationhasnot beenapplied.Then,noback-
groundpixelshaveyet beensettransparent,yet background
pixelsdonotvisibly appear. Dragselectionresultsin largere-
gionsof whitepixelswhichoccludeotherobjectswhenmoved
around.Oneapproachwhichwehaveyettoexploreis to ren-
dertransparentpixelsin somevisiblemanner, preferablyless
visually distractingthanthecheckerboardpatternwhich has
becomea standardin modernapplications.

Text
Onepurposefor ScanScribeis thecleanupandorganization
of sketchy, scribbled,handwrittennotesandgraphics.Often
the resultsof a meetingor collaborativesessionconsistsof
handwrittenitemsamongstdrawn�gures. A commonprac-
tice is to documenttheseresultsby transcribinghandwritten
text into a formatteddocumentsuchasan ascii email mes-
sageor webpage.Currenttoolsdonotwell supportcarrying
sketches,�gures, anddiagramsthroughthis process.Scan-
Scribeseeksto addressthisproblemby providingmeansnot
only to extractandorganizegraphicalmaterial,butto alsore-
placescribbledwrittenmaterialwith typedtextaswell asen-
ternewtext.

Textentryis initiatedanywhereonthecanvasby positioning
themousewherethetext is to begin,andtyping keystrokes.
A textentryregionthenappearssuperimposedonthecanvas,
andstandardtexteditingfeatures(e.g.dragselect,cut,copy)
becomeavailable.To renderthis text to thecanvas,theuser
maypresstheEndkey or click themouseanywhereoutside
thetextentryregion.

To replacehandwrittentext with typedtext, theuserselects
thebitmapregioncontaininghandwrittentext,andcommences
typing. Whentext entry is completedby pressingthe End
key, theselectedbitmapobjectis removedfrom the canvas
andreplacedwith a typed-textobject. ScanScribedoesnot
currentlyemployhandwritingrecognitionsoftwarebut it is

straightforwardto augmenttext replacement-by-typingwith
this functionality to thedegreeit becomestechnicallyavail-
able.In thisway, ScanScribeis in accordwith theMultivalent
Documentframework[14] which suggestsinteractionwith
staticimagecontentvia differentsemanticlayersbuilt by au-
tomaticprocessingsteps.

Typedtext objectsarea subtypeof thestandardbitmapob-
ject. Theyarerenderedasbitmapson thecanvas,andcanbe
carvedinto smallerbitmappiecesandrearranged.But they
alsoretaintheasciirepresentationof thecharacterstringen-
tered,sotheycanbeselectedandre-editedastypedtext.

Miscellaneous Features
ScanScribesupportsanumberof othermiscellaneousfeatures.
Althoughwehavenotaddressedthepotentialfor enteringvec-
tor graphicobjects,thereis a freeformdrawingtool for free-
handsketchingwith themouse.

Imageseditedin ScanScribecanbewrittenin standardbitmap
formatssuchasJPEGandPNG. Also, imagescanbe pub-
lishedasHTML for viewing in webbrowsers.Via theright
buttonpop-upmenu,it ispossibletoestablishhyperlinksfrom
imageobjectswhich thenbecomeHTML links in resulting
webpages.TheHTML CascadingStyleSheetprotocolisused
to positionimageobjects.

ScanScribeis implementedin Javaandmakesuseof thesys-
temclipboardfacilities. Oneof thecommonusesfor Scan-
Scribeis asa clip-art collectiontool, in conjunctionwith a
searchengine.Havingbrowsedto aninterstingwebsite,the
usercanemploythecomputer's screenhardcopyfacility to
grabanimage,thenpasteinto ScanScribeandproceedto ex-
tractandborrowdesiredgraphicimageryfor re-purposingin
otherdocuments.

AUTOMATIC STRUCTURE RECOGNITION
Asdescribedthusfar, ScanScribeisaveryfunctionalanduse-
ful bitmap imageeditor that facilitatesthe manipulationof
foregroundmarkingsin roughandformaldocumentimages.
Beyondthis,it aplatformfor introducingincreasinglysophis-
ticatedimagestructurerecognitiontoolsastheybecomeavail-
able.

Thehookfor thisis ScanScribe'slatticeframeworkfor main-
taininggroups,whichin thecurrentdesignisaccessedthrough
therepeated-clickcycling methodfor point-and-clickselec-
tion of groupedprimitives,asdescribedabove.Imagerecog-
nition occursin two stages.First, the original undifferenti-
atedbitmapis segmentedinto primitive imageobjectsby an
automaticmechanism.Second,sensiblegroupingsof these
primitivesareautomaticallyformedandestablishedasgroups,
orcompositeobjects,in thelatticegroupingstructure.In other
words,imagerecognitionbecomesapowerassistonthegroup-
ingparadigmalreadyavailableto theuserthroughmanualse-
lection.

Proceduresfor accomplishingthesestepsarethe subjectof
ongoingresearch.Onequestionis, at what level of abstrac-
tion is imagestructuremadeavailableasgroups?We envi-
sionaspectrumof recognitionalgorithmspossessingknowl-
edgeof speci�c documentdomainsandgraphicalcommuni-
cation languageconstructs,eventuallyspeci�cally facilitat-



ing editingof imagecontentfoundin engineeringdiagrams,
schedules,calendars,charts,graphs,mathematicalnotation,
andsoon.

ScanScribe'sinitial capabilitiesarefocusedat thelevelof vi-
sualperceptualorganization.This typeof structureroughly
alignswith the Gestaltlaws of visual perception,which in-
cludeproximity, smoothcontinuation,featuresimilarity, and
�gural closure[4, 9, 10, 19]. Wehaveimplementedfragmen-
tationalgorithmsto decomposeadocumentimageinto prim-
itive objectslabeledascurvilinear“strokes”,whichtypically
compriseline art,andcompact“blobs”, which typically cor-
respondto charactersof handwrittenor printedtext. Then,
groupingalgorithmsassembletheseinto compositegroups
basedontwo kindsof criteria.Strokeprimitivesaregrouped
accordingto rulesfollowing theprinciplesof curvilinear
smoothnessandclosure,asillustratedin Figure8. Blobprim-
itivesaregroupedintocompositeobjectsre�ecting wordsand
linesof textbasedonspatialproximity andcurvilinearalign-
ment. Examplesof theseareshownin Figure9. Note that
thelatticeorganizationfor compositeobjectsis importantbe-
causeanygivenimageprimitive maybelongto multipleper-
ceptualgroupsthatmaynot necessarilybearsubset/superset
relationshipto oneanother.

Structurerecognitionis invokedin ScanScribethroughanEdit
menuitem,andcanbeappliedto onlyaselectedregionof the
image. In our currentimplementationthis processingtakes
on theorderof tensof seconds,dependingon complexityof
imagematerial,soit mustbeusedjudiciously. Becausestruc-
turerecognitionis usedin aninteractiveeditingcontextthat
permitstheobjectsincludedandexcludedfromaselectionset
to bemodi�ed, evenimperfectresultscanbe usefulevenif
theyhappento includeor excludesomeamountof imagema-
terial that to a humaneyedoesor doesnot appearto belong
to perceptuallycoherentandsalientvisualobjects.

USE EXPERIENCE
ScanScribehasbeendeployedtoapproximately30peopledur-
ing its evolution,bothwithin andoutsideourresearchcenter.
Feedbackhasbeenmainlyanecdotal,while moresystematic
testingandevaluationremainsto bedone.We haveencoun-
teredgreatvariability in theeasewith whichpeopleareable
to learnto useScanScribe.Somerequiredeliberatestep-by-
steptraining,while to othersit just makessenseright away.
Oneissueis that the userinterfacemodel for selectingand
creatingpersistentbitmapobjectsandgroupingsof objects
is novel,andoneis not leadto understandit throughinspec-
tion of a tool paletteor otherobviousvisual indicators.We
providehelp in the form of video tutorial snippetsaccessi-
ble from theHelpmenu.Someusers�nd theseverysatisfac-
tory instruction,while othersarequitereasonablyunwilling
to spendanytime deliberatelylearningbut expecttheaffor-
dancesof theprogramto teachitself.

Therangeof thingspeoplehaveusedScanScribefor is quite
varied,includingcleanupof notesfrom whiteboardsessions;
merginglistsspreadacrossmultiplescannedpagesontoasin-
glepage;arranginganof�ce �oor planbypositioningscanned
furnituretemplates;andproducingcasualcartoons.Ourcom-
mercialteststudysitehasincorporatedScanScribeinto their
work �ow becauseof its superiorqualityof its colornormal-

a

b

c

Figure 8: Visual structure found in a hand­drawn
graphic �gure . a. Original image after fore­
ground/background separation. b. “Exploded view”
of perceptually salient structures re�ected as groups
(composite objects) found by ScanScribe's automatic
structuring processes. Each of these was selected for
moving from its original location by pointing and click­
ing the mouse (at most four mouse clicks). c. Exploded
view of bitmap image objects comprising the full set of
image primitives. These objects' spatial relationships
were analyzed by the structure recognition algorithms
to form the groups re�ected in b.



Figure 9: Visual structure found in handwritten text.
a. Original image after foreground/background sep­
aration. b. Boxes indicate groups found by Scan­
Scribe's automatic structuring processes. Because
this is cursive handwriting, in many cases full words
were represented by individual primitive bitmap objects
(not shown by bounding rectangles).

izationondigital imagesof graphiccharts.

CONCLUSION AND FURTHER WORK
We feel that futureprogressin increasingthecapabilityand
easeof useof editingprogramswill comefrom makingtheir
designsmorecloselyre�ect thenatureof humanperception.
ScanScribeillustrateshow thedesignof aneditor for rough
materialcanrespectatafoundationalleveltheperceptualphe-
nomenaof �gure/groundseparationandvisualgrouping.Au-
tomatedforeground/backgroundseparationmirrorsthenatu-
ralhumanperceptual�gure/groundinterpretationof mostdoc-
umentspresentedto thesystemconsistingof darkmarkings
onalight background.ScanScribe'sbuilt-in supportfor con-
structingandmanipulatinggroupsdepartsfrom the strictly
hierarchicalgrouporganizationof conventionaleditorsand
enables�exible, overlappinggroupingstructuresmorecom-
mensuratewith thephenomenaof humanvisualgrouping.

The applicationof perceptualprinciplesin the designof an
editor's corecapabilitieshasstrongimplicationsfor its user
interfacedesign.For example,ScanScribe's latticegrouping
capabilityrequiresspecializedinteractiontechniquesfor ac-
cessingthevariousgroupstheusermaywish to access.We
haveexploredonepoint in thedesignspace,namelymulti-
ple clicking to cycle throughgroupsassociatedwith an ob-
ject. Othersinteractionmodesarepossible,for example,the
roughshapeandsizeof selectiongestures[17], andspeechor
othermultimodalinterfaces.

TheScanScribeuserinterfaceis designedfor mouseinterac-
tion. We havealsodevelopeda prototypeapplication,called
InkScribe, sharingthe ScanScribearchitecturebut designed
to be usedwith a penor stylus. The fundamentalproblem

hereisprovidingseamlessmeansto switchbetweenselection
andeditingof imagematerial(commandmode),andmarking
with digital ink (drawmode).

A remainingissueregardingthepotentialfor widespreadadop-
tion of imageeditorsespeciallytargetedtowardrough,or in-
formaldocuments,is easeof imagecapture.We believethat
theincreasedavailabilityof low-cost,high-qualitydigitalcam-
eraswill helpto bridgethephysical/virtualbarrierfor written
andgraphicalcommunication.TheScanScribedocumentim-
ageeditor offersa helpful tool for makinguseof formal or
printedsketches,notes,anddiagramsthathavebeenbrought
into in theelectronicworld.
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