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Abstract

This paper introducesour efforts to create UPX, an
XML-basedsuccessorto thevenerableUNIPENformatfor
therepresentationof annotateddatasetsof onlinehandwrit-
ing data. In the �r st part of thepaper, shortcomingsof the
UNIPEN format are discussedand the goals of UPX are
outlined. Prior work relatedto UPX in the form of the re-
centlyproposedhwDatasetrepresentationis presented.The
secondpart of thepapersummarizesthestatusof theUPX
effort, in particular, experimentsto mapUNIPENelements
to hwDatasetandInkML andidentifypotentialissueswith
migrating existing UNIPEN data to UPX. This is work in
progress,andwe invite participation fromthehandwriting
recognitionresearch communityandindustryto makeUPX
a reality.

1. Intr oduction

Linguistic Resourcesarecritical for thedevelopmentof
any humanlanguagetechnology, andhandwritingrecogni-
tion isnoexception.TheUNIPENconsortium[5] formedin
theearly1990s,wasoneof the�rst to addresstheneedfor
standardlinguistic resourcesfor onlinehandwritingrecog-
nition. Theeponymousrepresentationfor digital ink aswell
asits annotationhasbecomea defactostandardfor online
handwritingcorpora,andhasbeenusedfor signi�cant data
collectionefforts in recenttimes[6, 7].

The UNIPEN representationemploys ASCII �at �les
to storehandwritingdataandassociatedannotation.This
bringswith it theadvantagesof simplicity, easeof viewing
andeditingusinga simpletext editor. Therepresentationis
alsoextensiblein that it allows thede�nition of additional
keywordsto describeadditionalattributesof thedataor the
writers.

However UNIPEN suffers from someshortcomings.In
particular,

� UNIPEN is unstructured.Thereis no way of organiz-

ing the information in semanticallywell-categorized
classessuch as datasetinformation, writer de�ni-
tions, label sources,or annotationhierarchy. Instead,
UNIPEN providesa numberof keywordsthat canbe
speci�edin any order.

� UNIPENis notstrict. Moreover,many relevantaspects
of thedatacollectionprocessandof thedataitself, are
describedin the UNIPEN .COMMENTexpressions.
Also,keywordslike.SETUPoftencontaininformation
that cannotbe automaticallyextracted,suchasinfor-
mationaboutwriters,recordingdevice,software,form
layout,etcetera.

� UNIPEN hasa scopeproblem.Giventhattheorderin
which keywordsareenteredis not �x ed, thescopeof
UNIPEN expressionsis de�ned as follows: Any co-
ordinatethat is speci�ed in UNIPEN, is describedby
thecontext of precedingUNIPEN tags.Any UNIPEN
tagsthat arespeci�ed below othertags,arenot valid
for thesetags.

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

Thispaperdescribesoureffortsto de�ne UPX,anXML-
basedsuccessorto UNIPENwhichaddressestheshortcom-
ingsof UNIPEN,whileprovidingapathfor migratingexist-
ing UNIPEN databasesto thenew representation.In addi-
tion, theUPX effort is anattemptto createthe�rst standard
representationfor handwritingdatasetsthat (i) supportsall
scriptsandallows semanticinterpretationof thewriting at
varioususer-de�ned logical levels by multiple annotators,
(ii) capturesinformationaboutscript,writing style,quality
of writing andtruth, (iii) capturesinformationaboutwrit-
ers and the datacaptureenvironment,(iv) supportsauto-
maticgenerationof annotationusingrecognizers,andsub-
sequentmanualvalidationprocesses,(v) keepshandwriting
dataseparatefrom its semanticinterpretationsand(vi) sup-
portsplannedaswell ascasualdatacollection.



The format builds on our previous work on the hw-
DatasetrepresentationandInkML, a draft standardfor the
representationof digital ink from theWorld WideWebCon-
sortium. Thesectionthat follows providesan introduction
to thehwDatasetformatanddescribesenhancementsin the
mostrecentrelease(version0.5,Dec04). Thesectionalso
lists researchissueswith hwDatasetand brie�y describes
theannotationtool thatsupportsthis representation.

The third sectiondescribesthe statusof our efforts to
evaluatehwDatasetfrom theperspective of supportingmi-
grationof existing UNIPEN data. Someconclusionsand
currentdirectionsarepresentedin the�nal section.

2. hwDataset

hwDataset[2, 3] wasproposedrecentlyasanXML rep-
resentationfor theannotationof handwritingdatathatis in-
spiredby theUNIPEN standard.XML is a naturalchoice
for the representationof annotationbecauseof its hierar-
chicalnatureandextensibility [1, 4]. ThehwDatasetrepre-
sentationin turnmakesuseof Digital Ink MarkupLanguage
(InkML) for the representationof thedigital ink beingan-
notated.

2.1 InkML

Digital ink refersto aseriesof penpositionsandoptional
attributes(relatedto time-stamp,penpressure,pentilt and
soforth) capturedfrom a suitablepeninput device. Recog-
nition of handwritingcapturedas digital ink is known as
online handwritingrecognition. Today thereare literally
thousandsof different digital ink aware devices available
rangingfrom standalonedigitizing tablets,to PDAs,Tablet-
PCsandmobilephones,andproprietarydevicesfor differ-
ent vertical markets- supportingdifferentproprietaryrep-
resentationsof digital ink.

Digital Ink Markup Language(InkML) [8] from the
World Wide Web Consortium(W3C) is a emerging stan-
dard for the platform and device-independentrepresenta-
tion of digital ink. InkML markupis designedto support
the input, storageandprocessingof handwriting,gestures,
sketches,musicandothernotationallanguagesin ink-aware
applications,independentof platform.InkML alsoprovides
a commonformat for the exchangeof ink data between
componentssuchashandwritingandgesturerecognizers,
signatureveri�ers, andotherink-awaremodules.Although
InkML providesmany properfeatureswhenit comesto the
speci�cationof digital ink, it lackscertainmoreadvanced
aspectsnecessaryfor annotation.

Fortunately InkML provides means for application-
speci�c extensions.By virtue of beinganXML-basedlan-
guage,it allows usersto easilyaddspeci�c informationto
ink �les to suit the needsof the applicationat hand. In

Figure 1. Conceptual relationship between
hwDataset and InkML

Figure 2. The datasetInfo element captures
metadata about the dataset

this sense,hwDatasetmaybethoughtof asanapplication-
speci�c extensionof InkML (Figure1).

ThehwDatasetrepresentationincludesa setof XML el-
ementsfor detailedannotationof handwriting. The hw-
Datasetelementis the root of the documentandcaptures
metadataabout the datasetas part of the datasetInfoele-
ment,variousde�nitions asa part of datasetDefs, andhi-
erarchicalannotationof handwrittendataasa part of one
or more hwData elements.Theseelementsaredescribed
brie�y in thefollowing subsections.

2.2 datasetInfo

The datasetInfoelement(Figure 2) capturesmetadata
relatedto the datasetas a whole. It containsthe follow-
ing elements:(a) name- namefor referringto thedataset,
(b) category- typeof datasetcapturedusingUNIPEN-style
codes,(c) version - versionnumberand/ordate-stampof
datasetpublication,(d) contact- contactinfo for datasetre-
latedqueries,(e) source - the sourceof collecteddata,(f)
setup- physicalconditionsin which thedatawascollected,



and(g) dataInfo- informationaboutthedata.
ThedataInfoelementin turncontainsthefollowing sub-

elements:(a) contentDesc- generaldescriptionof content
of dataset,e.g.scripts,writing stylesetc.,(b) numWriters -
numberof writerscontributingdata,(c) quality - overallas-
sessmentof qualityof handwrittendatacapturedin dataset,
(d) style- overall writing styleof data,(e) truthRef- refer-
enceto �le containingtranscriptionof thereferencetext.

2.3 datasetDefs

ThedatasetDefselementcapturesinformationaboutdif-
ferentwritersandsourcesof labels(annotation)represented
in thedataset,andprovidesthemeansfor referringto them
laterin thedocument.It containsthefollowing elements:

� writerDefs - declarationsof writers asa sequenceof
writer elements

� labelSrcDefs - declarationsof sourcesof annotation
(humanor machine)as a sequenceof labelSrc ele-
ments

� annotationDefs- de�nitions of various annotation
schemesusedin the datasetasa sequenceof annota-
tionSchemeelements

Eachwriter elementin turncontainsthreesub-elements:
(a) personal - captures personal information such as
hand(left/right handedness),educationLevel(highestlevel
of education),gender, profession, region(nativeregion)and
dateOfBirth, (b) skillDevice - level of familiarity with the
writing device,(c) skillScript- level of skill with eachscript
presentin thedataset,in turndescribedin termsof style, us-
ageFreqandpro�ciency.

Each labelSrc element contains the following sub-
elements:(a) name- nameof thehuman/automatedsource
of labels,(b) source- organizationthat labelsourcerepre-
sents,(c) contact- contactdetailsof label source,and(d)
desc- descriptivedetails.

In addition, an attribute labelTypesdescribesthe cate-
goriesof labels(e.g. truth, quality, script, style)generated
by thegivensourceandtheircharacterencoding(e.g.UNI-
CODE).

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

2.4 hwData

ThehwDatasetdocumentmaycontainoneor morehw-
Data elementscorrespondingto differentwriting trials, or
different �elds of writing capturedfrom a writer in a sin-
gle trial. Theseinstancesmaybedistinguishedusingtheid

Figure 3. hwData element sho wing hierar chi­
cal organization of annotation

attribute. EachhwDataelementfollows oneof theannota-
tion schemesde�ned earlier. It containsoneor moreH (i )
elements,wherei refersto anappropriatelevel of theanno-
tation hierarchyde�ned by the userasa part of the speci-
�cation of theannotationSchemeelement(Figure3). Each
H (i ) containsoneor morelabelelementsthat capturean-
notationinformationat thatlevel. In addition,H (i ) mayin
turn containeitheroneor moreH (i + 1) elements,or hw-
Traces, theleafelementof thehierarchythatrefersto digital
ink tracesrepresentedusingInkML

hwDataalsoincludesauiInfo elementthatdescribesthe
writing areaor �eld usedto captureink.

label Thelabelelementis thechiefmechanismfor anno-
tation of handwritingdatain hwDataset.Any numberof
labelelementsmaybeassociatedwith a particularH (i ) el-
ement,andeachelementcanbeusedto captureexact time
of annotationwith alternative choicesof label with con�-
dencevaluesif any. Although primarily intendedto de-
scribe the truth value of a particularset of ink traces,it
may alsobe usedfor describingothercharacteristicssuch
aswriting style, quality andscript. The timestampcanbe
usedto generatethehistoryof annotationof aparticularunit
of writing, spanningdifferentlabelsources.Thealternates
canbe usedto facilitatetheprocessof semi-automatican-
notationby promptingautomaticallygeneratedoptionsfor
humanvalidation.

Formally, theattributesof labelare(a) id - identi�cation
of label, (b) labelSrcRef- 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 hwDatasetrepresentationattemptsto satisfy some
core requirementsfor the creationof annotatedhandwrit-
ing datasetsin differentlanguages.Script-independenceis
achievedby supportingdifferentencodingstandardsfor the
truthvalues.Therepresentationsupportssemanticinterpre-
tation of the writing at varioususer-de�ned logical levels
andcapturesinformationaboutscript,style,qualityat these
levels. In addition,theseattributesmay alsobe associated



with the datasetasa whole, or with speci�c writers. At-
tributeshaveclosedsetsof valueswhereverpossible.

2.5 Handwriting Annotation Tool

HWAT (Handwriting Annotation Tool) is a graphical
tool for the annotationof online handwritingdatathat na-
tively supportsthe InkML andhwDatasetrepresentations.
While thetool is designedto readandwrite hwDatasetdoc-
uments,it is alsocapableof importing digital ink in input
formatssuchas InkML, UNIPEN, and simple ASCII en-
codingsof tracedata. The tool supportsinput andoutput,
viewing, editingandannotationof hwDatasetdocumentsat
differentlevelsof a user-de�ned annotationhierarchy. The
tool is supplementedby a library of basicfunctionsthatcan
be usedto accessand extract handwritingdatafrom hw-
Datasetdocumentsbasedonuser-de�ned criteria.

Thetool implementsanopenandextensiblearchitecture
using plug-ins for different operationssuchas segmenta-
tion and recognitionof units at different levels of the an-
notationhierarchy. Segmentationplug-insareimplemented
for commonhierarchicallevelssuchasstrokes,words,and
lines. The tool alsoallows multiple plug-insfor the same
operation(for example,line segmentation)andselectionof
a speci�c plug-in at the beginning of the annotationses-
sion. This allows for customizationanddynamicselection
of thesemodules. In addition, word recognitionplug-ins
may be usedto partially or fully automatethe generation
of ground-truthfor handwritingdata.Sinceall theplug-ins
for agivenclassof operationsreturnresultsin standardfor-
mats,they arehandledwithin thetool in a consistentman-
ner. Sampleplug-insareprovidedalongwith thetool, and
new plug-insmaybewritten in C++.

2.6 Curr ent Status

The�rst completeversionof hwDatasetandtheHWAT
tool waspresentedin November2004[3]. Sincethen,ad-
vanceshave beenmadeto resolve someof theopenissues
with theformat,andaddresscompletenessof therepresen-
tation. Someof the speci�c improvementsare discussed
below.

Multiple annotation hierarchies: A generaldigital ink
documentmay contain text, mathematicalequations,�g-
uresandsoon. Eachof thesecategoriesof datain general
requiresa differentannotationhierarchy. To supportsuch
scenarios,theannotationDefselementnow allows thede�-
nition of multipledistincthierarchyschemes,eachwith dis-
tinct annotationlevels.EachhwDatablockrefersto onehi-
erarchyschemefrom amongthosede�ned. However, once
de�nedfor thehwDatablock,thesemanticsassociatedwith
differentlevels(H1, H2 etc.)within theblock is �x ed.

Distribution of datasetacross multiple documents: A
complex elementsuchas datasetDefscan now refer to a
similar elementin anotherdataset�le using the href at-
tribute. This allows sharedinformation to be represented
onceand referredto elsewhere. For example, insteadof
repeatinginformationin every �le, thewriterDefsor label-
SrcDefselementscanreferto de�nitions of writersor label-
sourcesrespectively storedin a commondocument.

User interface elements: Different digitizers and pen-
awaredevicesassumedifferentpositionsof origin (e.g.top-
left, bottom-left,middleetc.) which is centralto the inter-
pretationof digital ink. Moreover, differenthorizontaland
vertical referencelines may characterizethe writing area
usedfor handwritingdatacollection.TheuiInfo element,a
sub-elementof hwDatasupportstherepresentationof such
attributesof theinput �eld.

With any representation,there is a clear tradeoff be-
tween�e xibility andcompletenessof therepresentationon
the onehand,andits complexity on the other(andthat of
toolsthathaveto supporttherepresentation).Similar issues
exist with hwDataset.An openresearchquestionis support
for heterogeneoushierarchies,whereineachnodecanhave
childrenof differenttypes.Onecanimaginemany contexts
wherethismaybeneeded,for example,to describea hand-
writtendocumentthatmaybedecomposedinto writing and
drawing dominatedsubregions,which in turn maybesimi-
larly decomposed.

Similarly, the distribution of the datasetacrossdocu-
mentsalsoraisesresearchquestions.Thepresentmodelis
thatwhenreferenceis used,theelementmaynotbede�ned
locally. However, othermodelsarepossiblefor supporting
commoninformation. Someof the openissuesare those
aroundgranularityof the informationthat is shared,what
happenswhenthesameinformationis presentboth locally
andin asharedmanner, andsoforth.

Thesequestionsarenow beingstudiedin thecontext of
theUPX effort.

3. UPX: A StatusReport

WhereashwDatasetwas createdprimarily to support
new datacollection, the startingpoint for the UPX effort
hasbeento assessthevalidity of hwDatasetfor storingex-
isting handwritingdatarepositories.We have performeda
casestudywhich entailedthe transformationof a relevant
collectionof UNIPEN datainto hwDataset.The resultsof
this casestudywill beusedasthebasisof thede�nition of
UPX.

UNIPENhasbeentheresultof alargeeffort in whichnu-
merousinstitutesandcommercialorganizationshave pro-
vided data. We may concludethat becauseof the hetero-
geneity of the data (different writers, different recording



conditions,differentlanguagesandwriting setup),UNIPEN
providesan excellent test casefor the assessmentof hw-
Dataset.Actually, it wasoneof the goalsof the UNIPEN
collectionefforts to providesuchvariety.

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 separateUNIPEN �les and
includingthem.In hwDataset,sharingof commoninforma-
tion aswell asdigital ink acrossviews is accomplishedby
meansof references.

We have attemptedto mapat a granularlevel UNIPEN
keywords to hwDatasetor InkML elements.While a 1:1
mappingexistsfor mostkeywords,we haveobservedsome
differences,suchasthosedescribedbelow.

Timestamp:Detailedrecordingof timing informationis
acritical partof any representationof digital ink. Themost
generalapproachis a time channelwhich allows for de-
tailedrecordingof timing informationfor eachsamplepoint
within a trace. For devices with uniform samplingrate,
timestampsmay be usedratherthana time channel. The
absolutetime, or timestamprelative to a referencetime at
the beginning and the endof the stroke may be recorded.
UNIPEN supportstime channels,whereasInkML supports
bothtimestampsandtimechannels.

Trace ranges: traceRefis the primary mechanismpro-
vided in InkML for referringto digital ink for thepurpose
of annotation.A traceRefmayreferto eithera singletrace
or a traceGroupby name.In theformer instance,thefrom
andto attributesof traceRefmaybeusedto indicatea seg-
mentof thetrace.In thelatterinstance,theseattributesmay
be usedto indicatea contiguousrangeof traceswithin a
traceGroup. In UNIPEN a contiguousrangeof tracescan
bespeci�edusingjustthetraceindices,whichis veryuseful
for annotatinglargechunksof digital ink. In InkML, this is
only currentlysupportedwithin a traceGroup, andthereis
currentlynoway to index tracesacrosstraceGroups. How-
ever sinceInkML is still beingevolved, it is our hopethat
suchobservations,andotherresultsfromthismappingexer-
cisecanbefedbackto theInkML effort in orderto improve
thesupportin InkML for annotateddatasetsof handwriting
andotherink modalitiessuchasdrawingsandmath.

4. Conclusions

In this paper, we have presenteda statusupdateon ef-
forts to de�ne UPX, a new XML representationfor digital
ink andits annotation,to succeedUNIPEN, thepresentde
factostandard.This effort will build on otherefforts to de-
�ne Digital Ink MarkupLanguage(InkML) from W3C,and

the recentlypublishedhwDatasetrepresentationandtools,
while addressingnew realities- for example,the fact that
researchon (pure)handwritingrecognitionhasshiftedto-
ward free writing conditionswith multiple modes,includ-
ing drawing, sketchingand gestures.UPX, with support
for heterogeneoushierarchieswill provide a structuredso-
lution for addressinghandwritingdatabasesof the future,
while accommodatingonesfrom thepast,suchasthosecol-
lectedusingtheUNIPEN representation.As a �rst stepin
this direction,a conversionof UNIPEN dataandformat to
hwDatasetis being attempted,and the resultingobserva-
tionsandissuesarebeingworkedon,aspartof theUPX ef-
fort andin collaborationwith theInkML community. This
is work in progress,and we invite participationfrom the
handwritingrecognitionresearchcommunityandindustry
to makeUPX areality.
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