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ABSTRACT
Thispapermpresentsinovelimageeditingprogramemphasiz-
ing easyselectionandmanipulationof materialfoundin in-
formal,casuablocumentsuchassketcheshandwrittemotes,
whiteboardmagesscreersnapshotandscannedlocuments.
The program,called ScanScribgoffers four signi cant ad-
vancesFirst,it presentsnew intuitive, modelfor themain-
tenanceof imageobjectsandgroups,alongwith underlying
logic for maintaininghesein thecourseof aneditingsession.
SecondScanScrib¢éakesadvantag®f newly developedm-
ageprocessinglgorithmsto separatdoregroundmarkings
from awhite or light backgroundandthuscanautomatically
renderthebackgroundransparensothatimagematerialcan
berearrangeavithoutocclusionby backgroungbixels. Third,
ScanScribéntroducesewinterfacetechniquegor selecting
imageobjectswith a pointing devicewithout resortingto a
paletteof tool modes.Fourth,ScanScrib@resentaplatform
for exploitingimageanalysisandrecognitiormethods¢o make
perceptuallysigni cant structurereadilyavailableto theuser
As aresearclprototype,ScanScribdéasprovenusefulin the
work of memberof ourlaboratoryandhasbeenreleasean
alimited basisfor usertestingandevaluation.

KEYWORDS: ScanScribeoughdocumentWYPIWYG, per
ceptuadocumenediting,foreground/backgrund, latticegroup-
ing, bitmapimage

INTRODUCTION

Intr oduction
Computekeditingtoolscanbecharacterizedlongthedimen-
sionsshownin Figurel. The horizontalaxis representshe
type of imagerythe editoris designedo handleon a dimen-
sionrangingfromrichly complexto highly constrainedThree
major categoriesare photorealisticscenes2D graphics,and
text. Theverticalaxisrepresentthedegreef structureavail-
ableto acomputemprogram.This rangesrom unstructured,
whenindividual pixel intensitiesarerepresente@ithoutany
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Figure 1: A two-dimensional conceptual view of com-
puter editing tools.

coherenbbjectidentitiesrelatingthem,to highly structured
objectssuchas 3D CAD-type models,vectorgraphics,and
asciitext.

Theclassof structuedimageeditorsincludesasciitext edi-
tors suchasGnu Emacs Microsoft Word, andWordperfect,
andstructuredrectorgraphicseditorssuchasMicrosoftPow-
erpoint, Corel Draw, and Adobe lllustrator. Thesetools al-
low theimportof bitmapimagesasindependentbjects,and
someareincreasinglyintegratingtools for manipulatingthe
contentof thesebitmapimages.

Theclassof unstructuregbixel-basedkditorsincludes'paint”
style image creationprogramssuchas Microsoft Paintand
JASCPaintShopPro. Otherprogramsareaimedtowardedit-
ing imagesof existingbitmapimages,suchas Adobe Pho-
toshopand GIMP. Thesearetargetedlargely to editingim-
agesof naturalphotographiémagery As such theyprovide
a hostof featuresandoptionsfor choosingcolors,selecting
imageregionsfor paintingand lling, organizingcollections
of pixels on differentlayers,andapplyingimageprocessing
Iters. A signi canttrendisto provideintelligenttoolswhose
behavioris governedy theunderlyingimagematerial,such



as“smart” scissorghatfollow lightnessor colorboundaries,
and’red-eyeremoval”toolsthat nd the pupils of peoples'
eyesandremovephotographicash artifacts. The number
andcomplexityof featuresandoptionsin sophisticateghho-

tographicimageediting programsendsto renderthesepro-

gramsdif cult tolearnandcumbersoméo use.Fortargeted
tasksandimageryof interestwe proposethata simplerand

moreaccessiblenodelis available.

We suggesthatanunexploredegionof theStructure/Imagery
spacdiesbetweerphotographiditmapimageeditorsandstruc-
tureddocumentditors.Thisis a classof editorstargetedto-
ward what may be broadly construedas documentimages,
thatis, bitmapimagesderivedfrom writtentextualor graph-
ical material. Thisincludes butis notlimitied to, scannear
renderedepresentationsf formattedtext.

Oneneglectectlassof documenimagecanbereferredto as
roughdocumentsThesearecasualinformaldocumentsuch
ashandwrittemotes sketchesscribblesdoodlesannotations,
diagramsline art, graphics,and gures. Roughdocuments
areoften associateavith creative,informal work processes.
Theyarefoundonnotepadswhiteboardspost-itsndexcards,
books,magazinesandon the backsof envelopes.Increas-
ingly, meansarebecomingavailablefor capturingroughdoc-
umentsnotonly viainexpensiveatbed scannersutthrough
digital cameraswhiteboardscannerstabletcomputersand
instrumentegens.Yettoolsfor editingroughdocuments—

polygon.Someprogramsalsoprovidecolor basedselection.
Dependinguponthe pointing deviceandthe usets dexter
ity, selectionby draggingan encircling or rectanglecanbe
mamginally to substantiallymorecumbersoméansimplypoint-
ing andclicking. Thereforewe believethatgreaterfacility is
providedto theuserto theextentthattheycanperformselec-
tion by directmeanssuchaspointingandclicking.

Ourlongtermgoalis WYPIWYG imageediting: "What You

Perceivels What You Get.” Thetool shouldmaintainrepre-
sentation®f theimageobjectsandvisual structuregsheuser
is likely to perceiveassensiblechunksor objectsto select,
andmakethesereadily availablevia the interface. This en-
tailsimageanalysisandrecognitionwhich canbecomearbi-
trarily complex.ScanScribes architectureprovidesa frame-
work in which recognitionalgorithmscanbe broughtin in-

crementallyandarenotrequiredio work perfectlyto provide
usefulresults.

The paperis organizedasfollows. Section2 reviewsrelated
work. Section3 describeScanScribesdesignandnovelfea-
tures,includingthe maintenancef imageobjects,
foreground/backgnendseparationgverloadediragselection,
and at groupingmodel.Section4 discussesur currentand
ongoingeffortsin recognitionof documentmagestructuran
casualline art andwritten text. Section5 reviewsour expe-
rienceausingScanScrib@anddeployingit to users.Sectioné
concludeswith directionsfor futurework.

excerptinggleaningyearrangingandcombiningimagematerial—

arelacking.

Despitetheirdiversity, imagesf roughandformaldocuments
aresubstantiallynoreconstrainedh theirstylisticappearance
andsemanticontenthangeneraphotographiémagery By
andlarge,documentsonsistof relatively dark markings,or
foregroundsetonarelativelylight backgroundalthoughthe
dark/lightforeground/backgyund relationshipis sometimes
reversed)Furthermoreby virtue of their purposeasconvey-
orsof visual patterndor humancommunicationdocuments
typically containjust a few kinds of markings,namelytext,
graphics,and photographgalthoughthereare certainly ex-
ceptionsandblurringbetweertheseclasses)Theseconstraints
imply thateditingtoolscanbedesignedo facilitateselection
andmanipulatiorof thiskind of imageryspeci cally, andthat
suchtoolsmightservesomeuserss purposesnorefaithfully
thangeneralphotographiémageeditors. Suchis a principal
motivationfor ScanScribe.

Oneof the mostcritical propertiesof any editor is the facil-
ity it providesfor selectingnaterial.Onceselectedstandard
manipulatioroperationsncludetranslatingrotating,scaling,
duplicating deleting andcopyingto aclipboard.Vectorgraph-
ics editorstypically providefor selectionby two meansby
clicking themouseonanimageobject,or by draggingarect-
angleenclosurearoundoneor moreobjects. Paintandpho-
tographicimageeditorsprovidea paletteof enclosure-based
selectiortools,includingtypically rectangledrag,lasso,and

Related Work

Overthepastdecadea numberof groupshavecontributedo
the notion of “smart” editorsthatre ect awarenesst some
perceptuabr semantidevel, of the contentof theimagema-
terial beingmanipulated11, 14, 4, 3, 1]. Implementations
havefocusedon online, or pen/stylus-basesystemdargely
becauseecognitionof markingson a stroke-by-strokdasis
is moretractablethanrecognizingtext andgraphicsin static
images.Indeedwhile accuratéeOCR of scannedprintedtext
hasbecomecommonplacerecognitionof scanneangineer
ing graphicsremainson the edgeof researchandrecogni-
tion of roughdocumentssuchashandwritingand sketched
drawings lies todaybeyondthe capabilitiesof computevi-
sionanddocumenimageanalysismethods.

Commercially stylus-basedmartsketchingoolsaremainly
limitedto stroke-by-strokeonversiorof digitalink inputinto

vectorgraphicobjectssuchasstraightlines,circles,andrect-
angles.Researchsystemsextendthesecapabilitiesto snap-
ping objectsto critical pointsandconstraineadon gurations
[6] andto recognitionof objectsconsistingof severaktrokes
[1,3]. Bothresearclandcommerciabystemslsodisplayca-
pabilitiesfor parsinghandwritinginto a logical hierarchyof

words lines,andcolumnsof text[Journal XLibris, SMART].

Inyetfurtherwork, logicalrelationsamongcollectionsof dig-
ital ink strokesaremaintainedhroughrecognitionof charac-
teristicdevicesof visuallanguagesuchasencirclings linear
separatorsandarrows[9].



As mentionedibove photographiéimageeditorssuchasAdobe
Photoshogarepowerfulbutareoverly complicatedor many
purposesandare not designedo facilitate editing of docu-
mentimagematerialin particular Their notionof imagelay-
ersprovidesan organizingprinciple for the critical function
of groupingcollectionsof pixels togetherand operatingon
themindependentlyrom othercollections.ScanScribescon-
ceptualmodelof divisible imageobjectscanbe viewedasa
variantof layers butonethatoperatesully automaticallyand
beneaththelevel of users‘awareness.

Closein spirit to the presentwork is the ImageEmacssys-
tem[2], which performedspatialanalysisof scannedmages
of formattedprinteddocumentsn orderto supporistructured
editingof thebitmapitself. In thissystemthebitmapis carved
into independenimageobjectsconsistingof connectedtom-

ponentof foregroundprinted)charactersyrganizednto group-

ingsrepresentingvords linesandcolumngre ecting thedoc-
umentiayout. Editingoperationgonsistof selectingandthen
manipulatingthe spatialpositionsof theseobjects.

ScanScribe Design and Function

As a packagethe ScanScribalocumenimageeditor com-
binesnew userinterfacetechniquesa novel arrangemenof
extantmethodsandnewlydevelopedmageprocessinglgo-
rithms,amountingto a uniquelydistinctuserexperienceind
aframeworkfor enhancinghis experienceasdocumenim-
ageanalysisgechniquesmproveovertime.

Selecting Image Material

At theheartof ScanScribdiestheability for theuserto easily
selectwhateverimagematerialthey intend. Onceselected,
thestandaraperation®f draggingcutting,duplicating,scal-
ing, rotating,aswell asothers all apply. In ScanScribeysers
may selectimagematerialby any of four methods:

Dragarectangle.

Dragalasso.

Drop theverticesof anencirclingpolygon.
Click onanobject.

The rst threeof thesearealwaysavailable. Thelast, click-

ing on an object,becomesavailableany time imageobjects
havebecomeestablishedvithin the program.If the userse-
lectsacollectionof pixelsby rectanglalrag,for exampleand
thenmovesit, thesepixelsautomaticallypecomeanindepen-
dentimageobjectthatcansubsequentlipeselectedimplyby

clicking onit.

The standardnethodfor providingthe userwith anarrayof
selectionfunctionsis througha tool palette;clicking a tool
icon putsthesystemn thattool'smode oftenre ectedbythe
cursorshape Forinstance pnetool would put the systemin
Rectanglddragmode while anotheiputsthesystemnin Lasso
mode.

Tofacilitate uid interactionwithimagematerial,ScanScribe
aimsto minimizethenecessitfor prior modesettingandtool
palettes. Accordingly, we havefound powerin an alterna-
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Figure 2: Overloaded lasso/rectangle mouse drag se-
lection technique obviates the need to choose between
these selection modes with a prior toolbar selection.

tive noveloverloadednousearagselectiortechnique When
the left mousebuttonis pressedn a de ned imageobject,
thatobjectbecomeselectedndis soindicatedby ahighlight
halo. But whenmouseleft is pressedver freespacégback-
ground),it simultaneouslynitiatesalassoselectiorpathand
arectangleselectiorpath. As themouseds draggedtheseare
bothdisplayedn anunsaturate@olor (light grey), makingit
easyfor the userto visually focuson the eithertherectangle
orthelassoandignoretheother SeeFigure2. If theselection
pathproceedso substantiallycloseonitself, thentherectan-
gle disappears.f the userreleasegshe mousebuttonwhile
the selectionrectanglés visible, thenthe materialenclosed
by therectanglds selectedIf ontheotherhandtheuserre-
leaseshemousebuttonwhenthe pathhasclosedenougithat
therectanglenasbeendiscardedthentheimagematerialse-
lectedis thatenclosedy thelasso.In otherwords,the pro-
graminfersby the usets selectionpathwhetherthey areat-
temptingarectangleselectionor alassoselection.

A fourth,polygonselectioroptionis alsoavailable agairwith-
outresortingto atool palette. Thisis invokedby doubleleft
clicking themouse Polygonselectioris usefulwhentheuser
wouldlike to beableto visuallyadjusttheboundarie®f ase-
lectionregionastheygo. Verticesaredroppedy left mouse
clicks,andaleft doubleclick completeshepolygonselection
gesture.

Image Objects

At the startof an editing sessionanimageloadedonto the
ScanScribe&anvasconsistsof an undifferentiatechitmap of
pixels. Oncea collectionof pixels areselectedoy an encir
cling operation(rectanglelassopr polygon),howeveranew
objectis createdrepresentinghis imagematerial. In imple-
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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.

mentation the selectecdpixels are copiedinto a new bitmap
whosedimensionspanghe selectedegionandwhoseloca-
tionis displacedo alignwith theoriginalselectegixels,which
areerasedrom the original bitmap. SeeFigure3. Theuser
is thenfreeto dragthis newimageobjectaroundby holding
the left mousebutton. Whenthe mouseis releasedthe im-
ageobjectremainsa separat®bject,unlike a paint program
which pasteselectepixelsbackinto acommon at canvas
layer. Oncethis imageobjecthasbeencreatedjt may sub-
sequentlybe selectediy positioningthe mouseover any of
its foregroundpixels, andclicking left. Subsequendragse-
lection operationscarvethe existingbitmapobjectsinto yet
smallerpieces.This organizatioris akinto imagelayers,but
without any demandon the usets consciousattention,and
without consumingscreerspacewith complexlayer control
apparatusOnesubtletyof thisinteractionpertaingo thedis-
tinctionbetweerforegroundandtransparenackgrounagix-
els. Thisis elaboratedelow

Lattice Grouping

An importantfacility in imageeditorsis the ability to form
groups,or temporanbindingsof primitive objects to which
translationscale copy, or otheroperationsvill applyin com-
mon. The standardnodelfor groupingis a hierarchicakree
structure,asillustratedin Figure4b. Most usersof Power
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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. ¢. 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.

Pointarefamiliar with thetedious
ungroup-ungrop-ungroup.chargeregoup-regroup-regrouppro-
cedureequiredto modify oneobjectnestecatthebottomof a
groupinghierarchy Also unfortunatelythehierarchicafroup-
ing modelimposeghesevereonstrainthatanobjectcanbe-
long to at mostonegroup. This prohibitsthe simultaneous
existenceof multiple overlappingyet meaningfulgroups.

ScanScribelepartsrom thehierarchicatreegroupingmodel
andinsteadfollows a at lattice groupingstructureas pro-
posedn [14]. Any primitive imageobjectmaybelongto any
numberof groups,or compositeobjects asillustratedin Fig-
ure4b.

Theuserinterfaceproblemraisedby the at groupingmodel
is, howto invoke anygiventargetgroupthatmayhavebeen
establishedRelatedto this questionis, howto displayto the

userwhat groupshaveindeedbeenestablishedo they can
chooseamongthem. On possibility is to pop up a menuof

choices;anothelis to overlaygraphicalvisualizationsof se-
lectableimagestructuresTheseapproachesouldfaceprob-

lemsof visualclutterandscalability buttheybearinvestiga-
tion andcreativeexploration.ScanScribeettleson a simple
techniqueclicking themouseon animageobjectselectgust
that object. Clicking againselectsthe setof objectsrepre-
sentedby the rst group,in asequencef groupsthatareas-
sociatedvith theprimitive objectclicked. Subsequenhouse
clicks cyclethroughthe groupsin the sequence.

Eachprimitive imageobjectmaintaingdts own orderedist of
groupsthatit belonggo. Eachtime anygroupis operatedn,
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for examplemovingor rotatingit, thatgroupis promotecdto
the front of the grouplist for eachconstituentobjectin the
group. In thisway eachprimitive objectmaintaingts partic-
ipantgroupsin most-recently-usedrder

Groupsmaybeestablishedby anexplicit "group” command,
ortheymaybecreatecautomatically Clicking themouseight
button on any selectedobject(s)invokesa pop-upmenuof
commandsasshownin Figure5. Oneavailablecommands
to form agroup,assumindgheselectedetcontaingnorethan
one primitive object. Note alsothe availability of a mege
commandwhich permanenthybindsa selectedsetof primi-
tivesinto asinglebitmapimageobject. A groupis established
automaticallywhenevetheuserselectsandthenoperate®n
two or moreprimitives. And, anobjectis automaticallyex-
pelledfrom agroupanytimeit is movedfar fromthatgroup's
spatiallocus.

Becauserimitive imageobjectscanbe carvedinto smaller
objectsat anytime by dragselection,andsetsof primitives
canbe megedinto a singleobject,somebookkeepingnust
goonto maintainconsistenandcoherengroupingstructure
asediting proceeds.For example,if anobjectbelongingto
agroupis dividedby selectioninto two smallerobjects both
of thesenewobjectanustinheritthegroupinglinks possessed
by theoriginal. Someof themajorbookkeepingequirements
areillustratedin Figure6.

The resultof this modelis a very intuitive interactionwith
documentimagematerial. One canquickly individuatese-
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Figure 6: lllustrations 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”". d. 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 orig-
inal bindings.



manticallysigni cant imageobjectsby mousedragging.and
oncecreatedselecthemagainby clicking. Theshiftkeyper

mits editingof theselectionthatis, addingandremovingob-
jectsfromthehighlightedselectedet. Onceanycollectionof

objectshavebeenoperatedn asa group,this groupmaybe
readilyrevisitedby clicking themousesomenumberof times
on anymemberof the group. Oneshortcomingof this inter

actiondesignwhichis alsocommorto PowerPoinaindother
programswith hierarchicalgrouping,is thatit is not visually
apparentwhatgroupsareactuallyin existence.In the most
commoncondition,however usersseemo maintaina back-
groundawarenessf thegroupsheyhavebeerusingrecently
onthebasisof constituenbbjects'visuallayoutandtheir se-
manticrolesin thescene.This matterbeardurtherinvestiga-
tion throughin-depthobservationastudies.

Foregr ound/Bac kground Separation

AlthoughScanScribeseditingfunctionscanbeappliedto any
bitmapimage theprogranis designedowardeditingof rough
andformal documenimagesin which foregroundmarkings
are arrayedagainsta white or light background.Important
purposedor editing in this imagedomaininclude cleaning
upimageclutterandnoise rearrangindextandgraphicsand
combiningmaterialfrom differentsourcesOnly theforeground
pixelsaresigni cant in theseregardsandit is importantthat
backgroundgixelsneveroccludeforegrouncpixelsasimage
objectsare movedaround. Thereforeit is normally critical
thatbackgroundpixelsberenderedransparent.

Modern photographidmageeditors provide “magic wand”

facilitiesfor selectingcollectionsof pixelsonthebasisof color
or lightnesswhich canthenbesettransparentDependingn

theimagesource this canbe a tediousprocess.For exam-
ple, usersin one eld studywe haveundertakerreportthat

usingPhotoshopt takeson average?0 minutesto cleanup

the backgroundn imagesof graphicchartscapturedwith a

digital camera.A recentcommercialproduct,calledWhite-

BoardPhoto,addressethis problemby providingimagepro-

cessingthat normalizesimagelightnessand contrastacross
anunevenlylighted documentimagein a one-stegprocess,
leavingthe backgrounda uniformwhite.

ScanScribéncludesanimageprocessingnodulethatperforms
thiskind of documenimagecolor normalizationandsetting
of atransparerbackgroundOneshortcomingf Whiteboard
Photoandothertechniquesemployinghigh-passltering to
distinguishrelatively compactdark markingsagainstwhite
or light background12], is thatthey corrupttheinteriorsof
largerforegroundobjects.SeeFigure7. For ScanScribewe
havedevelopedforeground/backgraudseparatiomlgorithm
thatusesaniterativetechniqudo estimateandinterpolatehe
color distribution of light backgroundacrossthe scene. To
distinguishforegroundrom backgroundveemployacombi-
nationof high-passltering anddistanceneasuresnpixels'
HSB values. Figure 7c showsa representativeesult. Fore-
ground/backgroundeparatiorcan be appliedselectivelyto
entireimagesor regionsof imagegshathavebeenloadednto
ScanScribegr notatall. Underoneuseroptionthis process-
ing canalsobe appliedautomaticallywheneveranimageis
loaded.

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.



Anc horing Image Objects

Onceforeground/backgnend separatiorhasbeenachieved,
the mousebehavedlifferently whenpositionedover visible
foregroundbrtransparenbackgroundandthecursorchanges
accordinglyasit passesicrosgheimage.Whenpressedna
foregroundmageobject,themouseselectghatobject.Hold-
ing themousebuttonanddraggingoermitsmovingof thatob-
ject. Repeatedlicking cyclesthroughthe groupsthatobject
belongdo. Whenthemousds pressevertransparenack-
ground,dragselectionis initiatedvia the overloadedectan-
gle/lassaechniquedescribedabove. This division of func-
tion workswell undertheassumptiorthatdragselectionop-
erationswill be usedto selectvisible foregroundimageob-

jectsmostlyor entirelysurroundedby transparerbackground.

Onoccasionhoweverit is necessaryo performdragselec-
tion initiated on foregroundpixels, for exampleto perform
lassoselectionon a persons facein a photograph Forthese
instancest is possibleo anchoranimageobject,viatheright-
mouseinvokedpop-upmenu.Whenanchoredanimageob-
jectcannotbeselectedy positioningthe mouseandclicking
onit. Insteadamousepressonananchoredmageobjectin-
vokesthe standardiragselectiorfacility. Imageobjectsthat
areanchorednay be un-anchoredia the Edit menuitems,
“SelectAll” or“SelectAnchoredimageObjects.”

In our experiencethe notionof anchorings the singlemost
confusingaspectof ScanScribgo novice users. To under
standtherationalefor the conceptrequiresunderstandinghe

notionof differentiatedmageobjectsthedualclick/dragmodes

of selecting,andthe distinction betweervisible foreground
andtransparerbackgroundThenoviceuserdoesotsitdown
with theseconceptsmmediatelyto hand. Thegreatestianger
of confusionoccurswheneditingadocumentontainingpure
whitebackgroundbutfor whichforeground/backgnendsep-
arationhasnotbeerapplied.Then,nobackgroungbixelshave
yetbeensettransparentyetbackgroungixelsdo notvisibly
appearDragselectiorresultsin largeregionsof white pixels
which occludeotherobjectswhenmovedaround. One ap-
proachwhich we haveyetto exploreis to rendertransparent
pixels in somevisible manner preferablylessvisually dis-
tractingthanthe checkerboargatternwhich hasbecomea
standardn modernapplications.

Text

Onepurposefor ScanScribés the cleanupandorganization
of sketchy scribbled handwritternotesandgraphics.Often

the resultsof a meetingor collaborativesessionconsistsof

handwrittenitemsamongstdrawn gures. A commonprac-
ticeis to documentheseresultsby transcribinghandwritten
textinto a formatteddocumentsuchasan ascii email mes-
sageor webpage.Currenttoolsdo notwell supportcarrying
sketches,gures, anddiagramsthroughthis process.Scan-
Scribeseekgo addresshis problemby providingmeansot

only to extractandorganizegraphicaimaterial butto alsore-

placescribbledwritten materialwith typedtextaswell asen-
ter newtext.

Textentryis initiatedanywhereon the canvady positioning
the mousewherethetextis to begin,andtyping keystrokes.
A textentryregionthenappearsuperimposednthecanvas,
andstandardexteditingfeatureqe.g.dragselectcut,copy)

becomeavailable. To renderthis textto the canvasthe user
may pressthe Endkey or click the mouseanywhereoutside
thetextentryregion.

To replacehandwrittentext with typedtext, the userselects
thebitmapregioncontaininghandwrittertext,andcommences
typing. Whentext entry is completedby pressingthe End
key, the selectedbitmap objectis removedfrom the canvas
andreplacedwith atyped-textobject. ScanScribaloesnot
currentlyemploy handwritingrecognitionsoftwarebut it is
straightforwardo augmentext replacement-by-typingith
this functionality to the degreeit becomegechnicallyavail-
able.

Typedtext objectsare a subtypeof standarcbitmap object.
Theyarerenderedsbitmapsonthecanvasandcanbecarved
into smallerbitmappiecesandrearrangedBut theyalsore-
taintheasciirepresentatioof thecharactestringenteredso
they canbeselectedandre-editedastypedtext.

Miscellaneous Features

ScanScribsupportanumberof othermiscellaneoufeatures.
Althoughwe havenotaddressethepotentiaffor enteringvec-
tor graphicobjectsthereis a freeformdrawingtool for free-
handsketchingwith the mouse.

Image=ditedin ScanScribeanbewrittenin standardbitmap
formatssuchasjpegandpng. Also, imagescanbe published
ashtml for viewing in web browsers. Via the right button
pop-upmenui,it is possibleto establishhyperlinksfrom im-

ageobjectswhich thenbecomehtml links in resultingweb
pages. The html CascadingStyle Sheetprotocolis usedto

positionimageobjects.

ScanScribés implementedn Javaandmakesuseof thesys-
tem clipboardfacilities. One of the commonusesfor Scan-
Scribeisaclip-artcollectiontool,in conjunctionwith asearch
engine. Having browsedto an interstingweb site, the user
canemploythe computets screerhardcopyfacility to grab
animage,thenpasteinto ScanScribendproceedo extract
andborrowdesiredgraphicimageryfor re-purposingn other
documents.

Automatic Structure Recognition

Asdescribedhusfar, ScanScribés averyfunctionalanduse-
ful bitmapimageeditor that facilitatesthe manipulationof

foregroundmarkingsin roughandformal documenimages.
Beyondthis, it aplatformfor introducingincreasinglysophis-
ticatedmagestructuraecognitiortoolsastheybecomeavail-
able.

Thehookfor thisis ScanScribeslatticeframeworkfor main-
taininggroupswhichin thecurrentdesignis accessethrough
therepeated-cliclcycling methodfor point-and-clickselec-
tion of groupedprimitives,asdescribedabove.Imagerecog-
nition occursin two stages.First, the original undifferenti-
atedbitmapis segmentedhto primitive imageobjectsby an
automaticmechanism.Second sensiblegroupingsof these
primitivesareautomaticallfformedandestablishedsgroups,
orcompositebjectsjn thelatticegroupingstructure.ln other
words,imagerecognitiorbecomespowerassisbnthegroup-
ing paradigmalreadyavailableto theuserthroughmanuake-
lection.



Procedureg$or accomplishinghesestepsare the subjectof

ongoingresearch.Onequestionis, at whatlevel of abstrac-
tion is imagestructuremadeavailableasgroups?We envi-

sionaspectrunmof recognitionalgorithmspossessingnowl-

edgeof speci c documentdomainsandgraphicalcommuni-
cationlanguageconstructsgventuallyspeci cally facilitat-

ing editing of imagecontentfoundin engineeringliagrams,
schedulescalendarscharts,graphs,mathematicahotation,
andsoon.

ScanScribeinitial capabilitiesarefocusedatthelevel of vi-
sualperceptuabrganization. This type of structureroughly
alignswith the Gestaltlaws of visual perceptionwhich in-
cludeproximity, smoothcontinuationfeaturesimilarity, and
gural closure[5, 7, 8, 15]. We haveimplementedragmen-
tationalgorithmsto decomposadocumentmageinto prim-
itive objectdabeledascurvilinear“strokes”,whichtypically
compriséline art,andcompact‘blobs”, which typically cor
respondto character®f handwrittenor printedtext. Then,

groupingalgorithmsassembl¢hesanto compositegroupshased

on two kinds of criteria. Stroke primitives are groupedac-
cordingto rulesfollowing theprinciplesof curvilinearsmooth-
nessandclosure,asillustratedin Figure8. Blob primitives
aregroupednto compositeobjectsre ecting wordsandlines
of textbasedon spatialproximity andcurvilinearalignment.
Examplesof theseareshownin Figure9. Notethatthe lat-
tice organizationfor compositeobjectsis importantbecause
anygivenimageprimitive maybelongto multiple perceptual
groupsthatmaynotnecessarilypearsubset/supersetlation-
shipto oneanother

Structureecognitionisinvokedin ScanScrib¢hroughanEdit
menuitem,andcanbeappliedto only aselectedegionof the
image. In our currentimplementatiorthis processingakes
ontheorderof tensof secondsgdependingon complexity of
imagematerial soit mustbeusedudiciously. Becausetruc-
turerecognitionis usedin aninteractiveediting contextthat
permitstheobjectsncludedandexcludedrom aselectiorset
to bemodi ed, evenimperfectresultscanbe usefulevenif
theyhappertoincludeor excludesomeamountof imagema-
terial thatto a humaneyedoesor doesnot appeato belong
to perceptuallycoherentandsalientvisual objects.

Use Experience

ScanScribbasbeerdeployedo approximately80peopledur-
ing its evolution,bothwithin andoutsideourresearcttenter
Feedbaclasbeenmainly anecdotalwhile moresystematic
testingandevaluationremainsto be done.We haveencoun-
teredgreatvariability in the easewith which peopleareable
to learnto useScanScribeSomerequiredeliberatestep-by-
steptraining, while to othersit just makessenseaight away
Oneissueis thatthe userinterfacemodelfor selectingand
creatingpersistentitmap objectsand groupingsof objects
is novel,andoneis notleadto understandt throughinspec-
tion of atool paletteor otherobviousvisualindicators. We
provide helpin the form of video tutorial snippetsaccessi-
blefrom theHelpmenu.Someusersnd thesevery satisfac-
tory instruction,while othersarequite reasonablynwilling
to spendanytime deliberatelylearningbut expectthe affor-
danceof the programto teachitself.

Therangeof thingspeoplehaveusedScanScribdor is quite

Figure 8: Visual structure found in a hand-drawn
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).

varied,includingcleanupof notesfrom whiteboardsessions;
meirginglistsspreadhicrossnultiple scanneghagentoasin-
glepagearranginganof ce oor planby positioningscanned
furnituretemplatesandproducingcasuatartoonsOurcom-
mercialteststudysite hasincorporatedscanScribénto their
work ow becausef its superiorquality of its color normal-
izationon digital imagesof graphiccharts.

Conclusion and Further Work

We feel thatfuture progressn increasinghe capabilityand
easeof useof editingprogramswill comefrom makingtheir
designamorecloselyre ect the natureof humanperception.
ScanScribéllustrateshow the designof an editor for rough
materialcanrespectatafoundationaleveltheperceptugbhe-
nomenaf gure/groundseparatiomndvisualgrouping.Au-
tomatedoreground/backgraud separatiommirrorsthe natu-
ralhumarperceptualgure/groundinterpretatiorof mostdoc-
umentspresentedo the systemconsistingof dark markings
onalight backgroundScanScribes built-in supportor con-
structingand manipulatinggroupsdepartsfrom the strictly
hierarchicalgroup organizationof conventionaleditorsand
enablesexible, overlappinggroupingstructuresnorecom-
mensuratavith the phenomenaf humanvisualgrouping.

The applicationof perceptuaprinciplesin the designof an
editor's core capabilitieshasstrongimplicationsfor its user
interfacedesign.For example ScanScribes lattice grouping
capabilityrequiresspecializednteractiontechniquedor ac-
cessinghe variousgroupsthe usermay wish to accessWe
haveexploredone point in the designspace namelymulti-
ple clicking to cycle throughgroupsassociatedvith an ob-
ject. Othersinteractionmodesarepossible for examplethe

roughshapeandsizeof selectiorgestures[1}} andspeeclor
othermultimodalinterfaces.

The ScanScribeiserinterfaceis designedor mouseinterac-

tion. We havealsodeveloped prototypeapplicationcalled

InkScribe sharingthe ScanScribarchitecturebut designed
to be usedwith a penor stylus. The fundamentaproblem

hereis providingseamlesmeango switchbetweerselection
andeditingof imagematerial(commandnode),andmarking

with digital ink (drawmode).

A remainingssueregardinghepotentiafor widesprea@dop-
tion of imageeditorsespeciallytargetedtowardrough,or in-
formal documentsis easeof imagecapture.We believethat
theincreasedvailabiltyof low-cost high-qualitydigital cam-
eraswill helpto bridgethephysical/virtuabarrierfor written
andgraphicacommunicationTheScanScribélocumenim-
ageeditor offers a helpful tool for makinguseof formal or
printedsketchesnotes anddiagramshathavebeenbrought
into in theelectronicworld.
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