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Abstract

This paper introducesour efforts to create UPX, an
XML-basedsuccessoto the veneable UNIPEN formatfor
therepresentatiorof annotateddatasetof onlinehandwrit-
ing data. In the r st part of the paper shortcoming®f the
UNIPEN format are discussedand the goals of UPX are
outlined. Prior work relatedto UPX in the form of the re-
centlyproposechwDatasetepresentations presentedThe
secondpart of the papersummarizeshe statusof the UPX
effort, in particular, experimentdo mapUNIPEN elements
to hwDatasetand InkML and identify potentialissueswith
migrating existing UNIPEN data to UPX. Thisis work in
progress,and we invite participation fromthe handwriting
recaynitionreseach communityandindustryto make UPX
areality.

1. Intr oduction

Linguistic Resourcesrecritical for the developmentof
ary humanlanguageechnologyandhandwritingrecogni-
tionis noexception.TheUNIPEN consortiun{5] formedin
theearly1990s wasoneof the rst to addresshe needfor
standardinguistic resourcegor online handwritingrecog-
nition. Theeporymousrepresentatiofor digitalink aswell
asits annotatiorhasbecomea de facto standardor online
handwritingcorpora,andhasbeenusedfor signi cant data
collectioneffortsin recenttimes[6, 7].

The UNIPEN representatioremploys ASCIl at les
to storehandwritingdataand associatednnotation. This
bringswith it the advantage®of simplicity, easeof viewing
andeditingusinga simpletext editor Therepresentatiors
alsoextensiblein thatit allows the de nition of additional
keywordsto describeadditionalattributesof thedataor the
writers.

However UNIPEN suffers from someshortcomings.In
particular

UNIPEN is unstructured Thereis no way of organiz-
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ing the information in semanticallywell-cateyorized
classessuch as datasetinformation, writer de ni-
tions, label sourcespr annotationhierarchy Instead,
UNIPEN providesa numberof keywordsthat canbe
speci edin ary order

UNIPEN:Is notstrict. Moreover, mary relevantaspects
of thedatacollectionprocesandof the dataitself, are
describedin the UNIPEN .COMMENT expressions.
Also, keywordslike .SETUPoftencontaininformation
that cannotbe automaticallyextracted,suchasinfor-
mationaboutwriters, recordingdevice, software,form
layout,etcetera.

UNIPEN hasa scopeproblem.Giventhatthe orderin
which keywordsareentereds not x ed, the scopeof
UNIPEN expressionds de ned asfollows: Any co-
ordinatethatis speci edin UNIPEN, is describedoy
the context of precedindJNIPEN tags.Any UNIPEN
tagsthat are speci ed belowv othertags,are not valid
for thesetags.

The focus of the original UNIPEN effort was the
recognitionof cursive English text, and supportfor
non-Latinscripts,andfor modalitiessuchasdrawings
andmathis limited atbest.

This paperdescribesureffortsto de ne UPX, anXML-
basedsuccessaio UNIPEN which addressethe shortcom-
ingsof UNIPEN, while providing apathfor migratingexist-
ing UNIPEN databaseto the new representationln addi-
tion, the UPX effort is anattempto createthe rst standard
representatiofor handwritingdatasetshat (i) supportsall
scriptsand allows semantidnterpretationof the writing at
varioususerde ned logical levels by multiple annotators,
(i) capturesnformationaboutscript,writing style, quality
of writing andtruth, (iii) capturesnformationaboutwrit-
ers and the datacaptureervironment, (iv) supportsauto-
matic generatiorof annotatiorusingrecognizersandsub-
seguentnanualalidationprocessegy) keepshandwriting
dataseparatérom its semantidnterpretationand(vi) sup-
portsplannedaswell ascasualdatacollection.



The format builds on our previous work on the hw-
DatasetrepresentatioandInkML, a draft standardor the
representationf digital ink from theWorld Wide WebCon-
sortium. The sectionthat follows providesan introduction
to the hwDataseformatanddescribegnhancements the
mostrecentreleasgversion0.5, Dec04). The sectionalso
lists researchissueswith hwDatasetand brie y describes
theannotatiortool thatsupportghis representation.

The third sectiondescribeghe statusof our efforts to
evaluatehwDatasefrom the perspecire of supportingmi-
grationof existing UNIPEN data. Someconclusionsand
currentdirectionsarepresentedn the nal section.

2. hwDataset

hwDataset[2, 3] wasproposedecentlyasan XML rep-
resentatiorfor theannotatiorof handwritingdatathatis in-
spiredby the UNIPEN standard.XML is a naturalchoice
for the representatiorf annotationbecauseof its hierar
chicalnatureandextensibility [1, 4]. ThehwDatasetepre-
sentatiorin turn makesuseof Digital Ink MarkupLanguage
(InkML) for the representationf the digital ink beingan-
notated.

2.1 InkML

Digital ink refersto aseriesof penpositionsandoptional
attributes(relatedto time-stamp penpressurepentilt and
soforth) capturedrom a suitablepeninput device. Recog-
nition of handwriting capturedas digital ink is known as
online handwriting recognition. Today there are literally
thousandof differentdigital ink aware devices available
rangingfrom standaloneligitizing tabletsto PDAs, Tablet-
PCsandmobile phonesandproprietarydevicesfor differ-
entvertical markets- supportingdifferentproprietaryrep-
resentationsf digital ink.

Digital Ink Markup Language(InkML) [8] from the
World Wide Web Consortium(W3C) is a emeging stan-
dard for the platform and device-independentepresenta-
tion of digital ink. InkML markupis designedo support
theinput, storageand processingf handwriting,gestures,
sketchesmusicandothernotationalanguage ink-aware
applicationsindependensdf platform. InkML alsoprovides
a commonformat for the exchangeof ink databetween
componentsuchas handwritingand gesturerecognizers,
signatureveri ers, andotherink-awaremodules.Although
INKML providesmary properfeaturesvhenit comeso the
speci cation of digital ink, it lacks certainmore advanced
aspectsiecessarjor annotation.

Fortunately INkML provides means for application-
speci ¢ extensions.By virtue of beingan XML-basedlan-
guage,it allows usersto easilyaddspeci ¢ informationto
ink les to suit the needsof the applicationat hand. In
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Figure 2. The datasetinfoelement captures
metadata about the dataset

this sensehwDatasemay be thoughtof asan application-
speci ¢ extensionof INKML (Figurel).

The hwDatasetepresentatiomcludesa setof XML el-
ementsfor detailedannotationof handwriting. The hw-
Datasetelementis the root of the documentand captures
metadataaboutthe datasetas part of the datasetinfoele-
ment, variousde nitions asa part of datasetDefsand hi-
erarchicalannotationof handwrittendataasa part of one
or more hwData elements. Theseelementsare described
brie y in thefollowing subsections.

2.2 datasetInfo

The datasetIinfoelement(Figure 2) capturesmetadata
relatedto the datasetas a whole. It containsthe follow-
ing elements:(a) name- namefor referringto the dataset,
(b) category - type of datasetapturedusingUNIPEN-style
codes,(c) version - versionnumberand/or date-stamof
datasepublication,(d) contact- contactinfo for datasete-
lated queries,(e) source - the sourceof collecteddata, (f)
setup- physicalconditionsin which thedatawascollected,



and(g) datalnfo- informationaboutthe data.
Thedatalnfoelemenin turn containghefollowing sub-
elements:(a) contentDese generaldescriptionof content
of datasete.g. scripts,writing stylesetc.,(b) numWrites -
numberof writerscontrikuting data,(c) quality - overallas-
sessmendf quality of handwrittendatacapturedn dataset,
(d) style- overallwriting style of data,(e) truthRef- refer
enceto le containingtranscriptionof thereferencdext.

2.3 datasetDefs

ThedatasetDefelementapturesnformationaboutdif-
ferentwritersandsource®f labels(annotationyepresented
in the datasetandprovidesthe meandor referringto them
laterin thedocumentlt containghefollowing elements:

writerDefs - declarationsof writers as a sequencef
writer elements

labelScDefs- declarationsof sourcesof annotation
(humanor machine)as a sequenceof labelSc ele-
ments

annotationDefs- de nitions of various annotation
schemessedin the datasetisa sequencef annota-
tionShemeelements

Eachwriter elemenin turn containghreesub-elements:
(a) personal - captures personal information such as
handleft/right handedness)educationLgel(highestlevel
of education)gender, professionregion(native region) and
dateOfBirth (b) skillDevice - level of familiarity with the
writing device, (c) skillScript- level of skill with eachscript
presenin thedatasetin turn describedn termsof style us-
ageFregandpro ciency.

Each labelSc element contains the following sub-
elementsi(a) name- nameof the human/automatesiource
of labels,(b) souice - organizationthat label sourcerepre-
sents,(c) contact- contactdetailsof label source,and(d)
desc- descriptve details.

In addition, an attribute labelTypesdescribeghe cate-
goriesof labels(e.g. truth, quality, script, style) generated
by the givensourceandtheir characteencodinge.g. UNI-
CODE).

Each annotationSheme element speci es the user
de ned hierarchy of annotationsuch as PAGE, PARA-
GRAPH, LINE, WORD, CHAR by meansof a seriesof
annotationLeelelements.

2.4 hwData

The hwDatasetlocumenimay containoneor more hw-
Data elementscorrespondindo differentwriting trials, or
different elds of writing capturedfrom a writer in a sin-
gletrial. Theseinstancesnaybedistinguishedusingtheid
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Figure 3. hwDataelement showing hierar chi-
cal organization of annotation

attribute. EachhwDataelementfollows oneof the annota-
tion schemegle ned earlier It containsoneor moreH (i)
elementswherei refersto anappropriatdevel of theanno-
tation hierarchyde ned by the userasa part of the speci-
cation of the annotationShemeelement(Figure 3). Each
H (i) containsoneor morelabel elementshat capturean-
notationinformationat thatlevel. In addition,H (i) mayin
turn containeitheroneor moreH (i + 1) elementspr hw-
Tracestheleafelemenbf thehierarchythatrefersto digital
ink tracesrepresentedsinginkML

hwDataalsoincludesa uilnfo elementhatdescribeshe
writing areaor eld usedto captureink.

label Thelabel elements the chief mechanisnior anno-
tation of handwritingdatain hwDataset. Any numberof
label elementsnaybe associateavith a particularH (i) el-
ement,andeachelementcanbe usedto captureexacttime
of annotationwith alternatve choicesof label with con -
dencevaluesif ary. Although primarily intendedto de-
scribe the truth value of a particularset of ink traces,it
may also be usedfor describingother characteristicsuch
aswriting style, quality and script. The timestampcanbe
usedto generatehehistoryof annotatiorof aparticularunit
of writing, spanningdifferentlabel sources.The alternates
canbe usedto facilitatethe processf semi-automati@n-
notationby promptingautomaticallygeneratedptionsfor
humanvalidation.

Formally, the attributesof labelare(a) id - identi cation
of label, (b) labelScRef- a referenceto a label sourcede-
ned earlier, (c) labelType- typeof label(e.g.truth, quality,
script, style),and(d) timestamp time of theactof annota-

tion.

The hwDatasetepresentatiomttemptsto satisfy some
core requirementdor the creationof annotatechandwrit-
ing datasetsn differentlanguagesScript-independends
achievedby supportingdifferentencodingstandard$or the
truthvalues.Therepresentatiosupportsemantidgnterpre-
tation of the writing at varioususerde ned logical levels
andcapturesnformationaboutscript,style,quality atthese
levels. In addition,theseattributesmay alsobe associated



with the datasetas a whole, or with speci ¢ writers. At-
tributeshave closedsetsof valueswherever possible.

2.5 Handwriting Annotation Tool

HWAT (Handwriting Annotation Tool) is a graphical
tool for the annotationof online handwritingdatathat na-

tively supportsthe INkKML andhwDatasetepresentations.

While thetool is designedo readandwrite hwDatasetloc-
umentsiit is alsocapableof importing digital ink in input
formatssuchas InkML, UNIPEN, and simple ASCII en-
codingsof tracedata. Thetool supportsinput and output,
viewing, editingandannotatiorof hwDatasetiocumentst
differentlevels of a userde ned annotatiorhierarchy The
tool is supplementedy alibrary of basicfunctionsthatcan
be usedto accessand extract handwritingdatafrom hw-
Datasetlocumentdasedn userde ned criteria.

Thetool implementsanopenandextensiblearchitecture
using plug-ins for different operationssuch as sgmenta-
tion andrecognitionof units at differentlevels of the an-
notationhierarchy Segmentatiorplug-insareimplemented
for commonhierarchicalevels suchasstrokes,words,and
lines. The tool alsoallows multiple plug-insfor the same
operation(for example,line sgmentationlandselectionof
a speci ¢ plug-in at the beginning of the annotationses-
sion. This allows for customizatioranddynamicselection
of thesemodules. In addition, word recognitionplug-ins
may be usedto partially or fully automatethe generation
of ground-truthfor handwritingdata. Sinceall the plug-ins
for agivenclassof operationseturnresultsin standardor-
mats,they arehandledwithin thetool in a consistenman-
ner. Sampleplug-insareprovidedalongwith thetool, and
new plug-insmaybewrittenin C++.

2.6 Current Status

The rst completeversionof hwDataseandthe HWAT
tool waspresentedn November2004[3]. Sincethen,ad-
vanceshave beenmadeto resole someof the openissues
with theformat,andaddressompletenessf the represen-
tation. Someof the speci ¢ improvementsare discussed
below.

Multiple annotation hierarchies: A generaldigital ink
documentmay containtext, mathematicakquations, g-
uresandsoon. Eachof thesecategyoriesof datain general
requiresa differentannotationhierarchy To supportsuch
scenariosthe annotationDefelementow allows thede -
nition of multiple distincthierarchyschemesgachwith dis-
tinct annotatiorlevels. EachhwDatablock refersto onehi-
erarchyschemdrom amongthosede ned. However, once
de nedfor thehwDatablock, thesemanticassociatevith
differentlevels(H1, H2 etc.) within theblockis x ed.

Distribution of datasetacross multiple documents: A
comple elementsuchas datasetDefsan now refer to a
similar elementin anotherdatasetle using the href at-
tribute. This allows sharedinformationto be represented
onceand referredto elsavhere. For example,insteadof
repeatingnformationin every le, thewriterDefsor label-
SrcDefselementsanreferto de nitions of writersor label-
sourcesespectrely storedin acommondocument.

User interface elements: Different digitizers and pen-
awaredevicesassumaifferentpositionsof origin (e.g.top-

left, bottom-left,middle etc.) which is centralto the inter-

pretationof digital ink. Moreover, differenthorizontaland
vertical referencelines may characterizehe writing area
usedfor handwritingdatacollection. Theuilnfo elementa
sub-elemendf hwDatasupportgherepresentationf such
attributesof theinput eld.

With ary representationthereis a clear trade off be-
tween e xibility andcompletenesef therepresentatioon
the one hand,andits compleity on the other (andthat of
toolsthathaveto supportherepresentation)Similarissues
exist with hwDatasetAn openresearctyuestions support
for heterogeneousierarchiesyhereineachnodecanhave
childrenof differenttypes.Onecanimaginemary contexts
wherethis maybe neededfor example,to describea hand-
written documenthatmaybedecomposethto writing and
drawing dominatedsubrejions,whichin turn may be simi-
larly decomposed.

Similarly, the distribution of the datasetacrossdocu-
mentsalsoraisesresearchyuestions.The presentmodelis
thatwhenreferences usedtheelemenmmaynotbede ned
locally. However, othermodelsare possiblefor supporting
commoninformation. Someof the openissuesare those
aroundgranularityof the informationthatis sharedwhat
happensvhenthe sameinformationis presentothlocally
andin asharednannerandsoforth.

Thesequestionsarenow beingstudiedin the context of
the UPX effort.

3. UPX: A StatusReport

WhereashwDatasetwas createdprimarily to support
new datacollection, the startingpoint for the UPX effort
hasbeento assesshe validity of hwDatasefor storingex-
isting handwritingdatarepositories.We have performeda
casestudywhich entailedthe transformatiorof a relevant
collectionof UNIPEN datainto hwDataset.The resultsof
this casestudywill be usedasthe basisof the de nition of
UPX.

UNIPEN hasbeentheresultof alargeeffort in which nu-
merousinstitutesand commercialorganizationshave pro-
vided data. We may concludethat becausef the hetero-
geneity of the data (different writers, different recording



conditionsdifferentlanguagesndwriting setup) UNIPEN
provides an excellent test casefor the assessmeraf hw-
Dataset.Actually, it wasone of the goalsof the UNIPEN
collectioneffortsto provide suchvariety.

SinceUNIPEN andhwDatasethave very similar goals,
they are functionally quite similar thoughthey might ac-
complish the same ends differently  For instance, in
UNIPEN, sharingof commoninformation suchas writer
informationis accomplishedby meansof .INCLUDE state-
ments. Different“views” of the datasetcan also be sup-
portedby keepingdigital ink in separaté&JNIPEN les and
includingthem.In hwDatasetsharingof commoninforma-
tion aswell asdigital ink acrossviews is accomplishedy
meanf references.

We have attemptedo mapat a granularlevel UNIPEN
keywordsto hwDatasetor INKML elements. While a 1:1
mappingexistsfor mostkeywords,we have obsernedsome
differencessuchasthosedescribeelow.

Timestamp:Detailedrecordingof timing informationis
acritical partof any representatioof digital ink. Themost
generalapproachis a time channelwhich allows for de-
tailedrecordingof timing informationfor eachsamplepoint
within a trace. For devices with uniform samplingrate,
timestampanay be usedratherthana time channel. The
absolutetime, or timestamprelative to a referenceime at
the beginning andthe end of the stroke may be recorded.
UNIPEN supportgime channelsywhereadnkML supports
bothtimestampsndtime channels.

Traceranges: traceRefis the primary mechanisnpro-
videdin InkML for referringto digital ink for the purpose
of annotation A traceReimayreferto eitherasingletrace
or atraceGoupby name.In theformerinstancethe from
andto attributesof traceRefmaybe usedto indicatea sey-
mentof thetrace.In thelatterinstancetheseattributesmay
be usedto indicatea contiguousrangeof traceswithin a
traceGoup. In UNIPEN a contiguousrangeof tracescan
bespeci edusingjustthetraceindiceswhichis veryuseful
for annotatindarge chunksof digital ink. In InkML, thisis
only currentlysupportedvithin atraceGoup, andthereis
currentlynoway to index tracesacrossraceGoups How-
ever sincelnkML is still beingevolved,it is our hopethat
suchobsenrations,andotherresultsfrom thismappingexer-
cisecanbefedbackto theInkML effort in orderto improve
thesupportin InkML for annotatediataset®f handwriting
andotherink modalitiessuchasdravingsandmath.

4. Conclusions

In this paper we have presented statusupdateon ef-
forts to de ne UPX, anew XML representatioffor digital
ink andits annotationto succeedJNIPEN, the presentde
factostandard.This effort will build on othereffortsto de-
ne Digital Ink MarkupLanguag&InkML) from W3C,and

the recentlypublishedhwDatasetepresentatiomandtools,
while addressingiew realities- for example,the fact that
researcton (pure) handwritingrecognitionhasshifted to-

ward free writing conditionswith multiple modes,includ-

ing drawing, sketchingand gestures. UPX, with support
for heterogeneousierarchieswill provide a structuredso-
lution for addressindhandwritingdatabasesf the future,
while accommodatingnesfrom the past,suchasthosecol-

lectedusingthe UNIPEN representationAs a rst stepin

this direction,a corversionof UNIPEN dataandformatto

hwDatasetis being attempted,and the resultingobsena-

tionsandissuesarebeingworkedon, aspartof the UPX ef-

fort andin collaborationwith the InkML community This

is work in progress,and we invite participationfrom the
handwritingrecognitionresearchcommunityandindustry
to make UPX areality.
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