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Abstract

Annotateddatasetsof handwritingarea prerequisitefor
the designand training of handwriting recognition algo-
rithms. In this paper, webrie�y describeanXML represen-
tation for annotationof online handwritingdata that uses
theemerging Digital Ink Markup Language (InkML) stan-
dard fromW3Cfor therepresentationof handwritingdata.
We then describea tool basedon the proposedrepresen-
tation that can be usedfor annotationof digital ink. Ease
andspeedof annotationareemphasizedin thedesignof the
tool. Together, therepresentationandthetool attemptto ad-
dresstherequirementsof creationof annotateddatasetsof
handwrittendatain differentscriptsaroundtheworldwide.

1. Intr oduction

Annotateddatasetsof handwritingcoveringa varietyof
writing stylesare essentialfor the developmentand eval-
uationof moderndata-driven handwritingrecognitionen-
gines.Thisissuewas�rst addressedin thecontext of theon-
line handwritingrecognitionproblemby theUNIPEN con-
sortiumin theearly1990's [6, 5]. TheUNIPEN represen-
tation employed ASCII �at �les to storehandwritingdata
andassociatedannotation.Thefocusof theUNIPENeffort
was the recognitionof cursive English, and the members
of theconsortiumcollectedandannotatedlargeamountsof
handwritingdata in the UNIPEN format. More recently,
therehavebeenattemptsatcreatingdatasetsusingthesame
standardin other languagessuchas Japanese(Kanji) and
Arabic [8].

While researchin onlinehandwritingrecognitionin the
context of Romanand many Oriental scripts hascontin-
uedunbrokenfor over threedecadesandresultedin several
commercialengines,the samecannotbe said for the ma-

jority of theworld's scriptsespeciallyin developingcoun-
tries. The lack of signi�cant andeasilyavailablelinguistic
resourcesin the form of annotateddatasetsof handwriting
hasbeenoneof the obstaclesto researchin thesescripts.
It is clearthatmany of theseresourcesneedto be created,
andthecreationof suchhandwritingdatabasesin different
scriptscallsfor astandardrepresentationthatis independent
of script andallows semanticinterpretationof the writing
at varioususer-de�ned logical levels. The representation
shouldcaptureinformationaboutscript,writing style,qual-
ity of writing andtruth. It shouldalsocaptureinformation
aboutwriters andthe datacaptureenvironment. It should
supportautomaticgenerationof annotationusingrecogniz-
ers,andsubsequentmanualvalidationprocesses.It should
keephandwritingdataseparatefrom its semanticinterpre-
tationsandit shouldsupportplannedaswell ascasualdata
collection.

In thispaper, wedescribehwDataset, anXML represen-
tationfor theannotationof handwritingdatathatis inspired
by theUNIPENstandard,andaddressestheserequirements.
XML is anaturalchoicefor therepresentationof annotation
becauseof its hierarchicalnatureand extensibility [1, 4].
The hwDatasetrepresentationmakesuseof an underlying
XML representationof theraw handwritingdatacalledDig-
ital Ink Markup Language(InkML), a standardbeing de-
velopedby theW3C for thedescriptionof digital ink [10].
InkML markupis designedto supporttheinput,storageand
processingof handwriting,gestures,sketches,music and
othernotationallanguagesin Web-basedapplications,inde-
pendentof platform. InkML alsoprovidesa commonfor-
matfor theexchangeof ink databetweencomponentssuch
ashandwritingandgesturerecognizers,signatureveri�ers,
andotherink-awaremodules.

InkML provides meansfor application-speci�cexten-
sions.By virtueof beinganXML-basedlanguage,it allows
usersto easilyaddspeci�c informationto ink �les to suitthe
needsof the applicationat hand. In this sense,hwDataset



Figure 1. Conceptual relationship between
hwDataset and InkML

may be thoughtof asan application-speci�cextensionof
InkML (Figure1).

In additionto a standardrepresentation,the creationof
annotateddatasetsof handwritingrequireseffective tools
for datacollectionandannotation.Annotationof ground-
truth is a particularlycritical andexpensive operationthat
requirescareful attention to tool design. Among other
things,issuesrelatedto non-Romanscriptshave to be ad-
dressedin detail [9]. In this paper, we alsodescribea tool
for annotationof online handwritingdatathat canbe used
to createcompletehwDatasetdocuments.

1.1 Creationof Annotated Datasets

Thecreationof annotateddatasetsof handwritingis gen-
erally comprisedof sequentialdatacollectionandannota-
tion phases.In thedatacollectionphase,handwritingsam-
plesarecollectedusingappropriatedevicesandtools (see
for example[2]) andthe digital ink capturedin �les in an
appropriatedirectorystructure,usinga convenientink for-
mat suchas InkML or UNIPEN. This phaseis often dis-
tributedoverdifferenttimes,placesandevenorganizations.
Thedatacollectionmaybe designedor casual.In the for-
mer instance,writers with speci�c skills are recruitedfor
contributing handwritingsamples,andasked to write spe-
ci�c characters,words or sentencesor a combination,or
givenotherspeci�c tasks. In the latter, digital ink is a by-
productof an ink applicationsuchashandwrittenemailor
note-taking.

In additionto thehandwritingdata,metadatapertaining
to thedesignof thedatasetandwriter pro�les is typically,
but not necessarily, capturedas part of this phase. Basic
groupingof the capturedink into the top-level annotation
categoriescorrespondingto writing tasksmayalsobecap-
turedin this phase.For example,if thedesignof datacol-
lection requireseachwriter to write a list of wordsin dif-
ferent�elds of an electronicform, the ink from each�eld
canbeautomaticallygroupedinto “words” andword-level

ground-truthprovided. In our own datacollectionefforts
[2], metadatacapturedduring this phaseis representeddi-
rectly as hwDatasetdocuments,with referencesto digital
ink capturedseparatelyasInkML documents.

The�les of digital ink andany metadatacapturedaspart
of thedatacollectionphaseform theinput to theannotation
phase.In this phase,metadatacapturedaspartof thedata
collectionphasecanbevalidatedandcompleted.However
thechief activity in this phaseis thetaggingof ink with la-
belscorrespondingto groundtruth,writing style,andsoon,
at differentlevelsof anappropriatehierarchyof annotation
levels. Even with the availability of tools, this activity is
labor-intensiveandseveralpassesmaybeneededto obtain
thedesiredlevel of accuracy of annotation.In thegeneral
case,annotationmaybeaddedacrossmultiplesessionsdis-
tributedover time andspace;not all levels or typesof an-
notationmay be provided in one session(or ever !); and
multiple annotators- humansor machinealgorithms- may
provide annotation.For pragmaticreasons,it is generally
necessaryto haveaccessto partially annotateddataseteven
asit evolves.

The output of the annotationphaseis a collection of
hwDatasetdocumentsorganizedinto an appropriatedirec-
tory structure.EachhwDatasetdocumentis pairedwith an
InkML documentcontainingthedigital ink datareferredto
in thedocument.

2. Representationfor Annotated Handwriting
Datasets

TheproposedhwDatasetrepresentationincludesasetof
XML elementsfor detailedannotationof handwriting.The
hwDatasetelementis therootof thedocumentandcaptures
metadataabout the datasetas part of the datasetInfoele-
ment,variousde�nitions aspartof datasetDefs, andhierar-
chicalannotationof handwrittendataaspartof oneor more
hwDataelements.Theseelementsaredescribedbrie�y in
thefollowing paragraphs.

datasetInfo The datasetInfoelement(Figure2) captures
metadatarelated to the datasetas a whole. It contains
the following elements:(a) name- namefor referring to
the dataset,(b) category - type of datasetcapturedusing
UNIPEN-stylecodes,(c) version - versionnumberand/or
datestampof datasetpublication,(d) contact- contactinfo
for dataset-relatedqueries,(e) source - the sourceof col-
lecteddata,(f) setup- physicalconditionsin whichdatawas
collected,and(g) dataInfo- informationaboutthedata.

ThedataInfoelementin turncontainsthefollowing sub-
elements:(a) script - language/scriptcapturedin dataset,
(b) quality - overall assessmentof quality of handwritten
datacapturedin dataset,(c) truth - ground-truthof what is



Figure 2. The datasetInfo element captures
metadata about the dataset

capturedsuchasa word-list, (d) methodology - designof
dataandcollectionprocedure,and(e) annotationScheme-
descriptionof annotationscheme.

annotationSchemespeci�es the user-de�ned hierarchy
of annotationby meansof a seriesof annotationLevel el-
ements.

datasetDefs The datasetDefselementcapturesinforma-
tion aboutdifferentwriters andsourcesof labels(annota-
tion) representedin thedataset,andprovidesthemeansfor
referringto themlater in thedocument.It containsthefol-
lowing elements:

� writerDefs - declarationsof writers asa sequenceof
writer elements

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

Eachwriter elementin turn containsa datesubelement
whichprovidesacoarseindicationof thetimewhenwriting
occurred(asopposedto themuchmoreprecisetracetimes-
tampsin InkML), anda personalsubelementthatcaptures
personalinformationsuchashand- left/right handedness,
gender- gender, age - ageat thetimeof capture,skillScript
- level of skill with script,skillDevice- level of familiarity
with writing device, style- predominantwriting style,and
region - nativeregion.

EachlabelSrc elementcontainsthe following elements:
(a) name- nameof thehuman/automatedsourceof labels,
(b) description- descriptionof label sourceincluding re-
sponsibleorganization,(c) time- approximatedateandtime
of annotationof dataset,and(d) contact- contactdetailsof
labelsource.

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

Figure 3. hwDataelement hierar chical organi­
zation of annotation

by thegivensourceandtheircharacterencoding(e.g.UNI-
CODE).

hwData The hwDatasetdocumentcontainsoneor more
hwData elementscorrespondingto different trials or dif-
ferent �elds of writing capturedfrom a writer in a single
trial. Theseinstancesmay be distinguishedusing the Id
atttribute. EachhwDataelementsupportsthe hierarchical
organizationof annotationof thecorrespondingdigital ink
(Figure3. It refersto an appropriatelevel �����	� of the of
the annotationhierarchyde�ned by the useraspart of the
speci�cationof theannotationSchemeelement.Eachlevel

�����	� of thehierarchycontainsoneor morelabelelements
thatcapturesannotationinformationat thatlevel. ���
�	� may
in turncontaineitheroneor more �����
���
� elements,or hw-
Traces, theleafelementof thehierarchythatrefersto digital
ink tracesrepresentedusingInkML (Figure3(b)). It is note-
worthy that(i) hwTracesandthe �����	� elementsarederived
from the traceRefelementfrom InkML, and(ii) semantic
interpretationsof the ���
�	� levelssuchasWORDor CHAR
arespeci�edaspartof theannotationScheme.

The label elementcan be used to capturealternative
choicesof labelwith con�dencevaluesif any, andtheexact
timeof annotation.Althoughprimarily intendedto describe
the truth valueof a particularsetof ink traces,it mayalso
beusedfor describingothercharacteristicssuchaswriting
style,qualityandscript.Thetimestampcanbeusedto gen-
eratethehistoryof annotationof aparticularunit of writing,
spanningdifferentlabelsources.Thealternatescanbeused
to facilitatetheprocessof manualvalidationof annotation
by promptingoptionsfor humanvalidation.

Formally, the attributesof label are (a) id - identi�ca-
tion of label,(b) labelSrcRef- a referenceto a labelsource
de�ned earlier, (c) category - category of label (e.g. truth,
quality, script,style),and(d) timestamp- time of theactof
annotation.

ThehwDatasetrepresentationattemptsto satisfythere-
quirementsfor a goodrepresentationschemethatwerelaid
out in the introductory section. Script-independenceis
achievedby supportingdifferentencodingstandardsfor the



truth values,anduseof anXML basedrepresentation.The
representationsupportssemanticinterpretationof thewrit-
ing atvarioususer-de�ned logical levelsandcapturesinfor-
mationaboutscript, style, quality at theselevels. In addi-
tion, theseattributesmayalsobeassociatedwith thedataset
asa whole, or with speci�c writers. The label and label-
Src elementsprovide the meansto capturerecognitional-
ternatesalongwith con�dences,thussupportingtheuseof
multiplesourcesof annotationfor theautomaticgeneration
of annotationandsubsequentmanualvalidation.Attributes
haveclosedsetsof valueswhereeverpossible.Multiple hw-
Datablockscanbeusedto capturedifferenttrials or multi-
ple �elds of writing within thesametrial.

3 Annotation Tool

In thissection,wedescribeatool thathasbeendesigned
to facilitatetheannotationof onlinehandwritingdatausing
theproposedhwDatasetformat. While thetool is designed
to readandwrite hwDatasetdocuments,it is alsocapableof
importingpuredigital ink in input formatssuchasInkML,
UNIPEN, andsimpleASCII encodingsof tracedata. The
tool supportsinput andoutput,viewing, editing andanno-
tationof digital ink at differentlevelsof a user-de�ned hi-
erarchies.The tool is supplementedby a library of basic
functionsthat canbe usedto accessandextract handwrit-
ing datafrom hwDatasetdocumentsbasedon user-de�ned
criteria.

3.1 SoftwareAr chitecture

The tool implementsan openand extensiblearchitec-
ture using plug-ins for different operationssuch as page
segmentationand word recognition. Segmentationplug-
ins are implementedfor commonhierarchicallevels such
asstrokes,words,andlines. The tool alsoallows multiple
plug-insfor thesameoperation(for example,line segmen-
tation) andselectionof a speci�c plug-in at the beginning
of the annotationsession. This allows for customization
anddynamicselectionof thesemodules.In addition,word
recognitionplug-insmay be usedto partially or fully au-
tomatethegenerationof ground-truthfor handwritingdata.
Thetool alsoprovidesabasicsetof strokesignalprocessing
routinessuchasmean�lter , median�lter , one-dimensional
Fourier transform,andso on. While not centralto anno-
tation, theseallow the visualizationof the effect of differ-
ent kinds of signalprocessingon digital ink. Sinceall the
plug-insfor agivenclassof operationsreturnresultsin stan-
dardformats,they arehandledwithin thetool in aconsistent
manner. Sampleplug-insareprovidedalongwith thetool,
andnew plug-insmaybewritten in C++.

Thetool hasbeendevelopedin C++,usingQt astheGUI
toolkit. Currentlythetool is supportedontwo populardesk-

Figure 4. English text being annotated at the
line level follo wing automatic line segmenta­
tion

top operatingsystems- Linux and32-bit Windows. Since
C++ andQt areavailableonmany otherplatforms,thetool
canbeextendedto thoseplatforms.

3.2 Usage

The user interface of the annotationtool featuresa
workspacefor manipulationof digital ink and a tool bar
with buttonsfor all thekey operations(Figure4). Capture
of metadatarelatedto thedatasetInfoanddatasetDefsele-
mentsin therepresentationis supportedthroughadditional
screens.Note that any metadatapresentin the input hw-
Datasetdocumentis automaticallyreadandmadeavailable
for modi�cation throughthesescreens.

Oncemetadatahasbeenprovided, the next important
stepis speci�cationof the annotationhierarchy. Here the
userhasa choiceof prede�nedlevels suchasWORD and
CHARACTERaswell asthe�e xibility to de�ne new ones.
In general,annotationproceedsby segmentinga digital ink
documentat a desiredlevel of granularitysuchaslines or
wordsusinganavailableplug-in,or into individualstrokes.
The tool currentlysupportsautomaticsegmentationat the
stroke, word andline levels,basedon inter-stroke distance
patterns.As mentionedearlier, thesealgorithmsareembed-
dedin plug-insandcanbemodi�ed by theuser.

Thesegments(strokegroups)obtainedasaresultof seg-
mentationataparticularlevel aredisplayedin differentcol-
ors using a coloring scheme. Thesesegmentsgenerally
needto be manuallycorrected,and the interfacesupports
theuseof bothmouseclicksandkeyboardshortcutsfor ad-
justmentof segmentsandfor selectionof oneor moreseg-
mentsfor furtherannotation.

Oncethe segmentationhasbeenveri�ed, the usercan
manuallyannotatesegmentsby directly keying in ground-
truth using a QWERTY keyboard. A single selection-
keystrokemaybeusedto endtheannotationfor thecurrent
segmentandadvanceto thenext segment. In this manner,
all segmentsat a speci�c annotationlevel can be truthed



fairly easilyandquickly with minimal overhead.Ground-
truthis recordedasanuninterpretedstringof charactersand
hencemay be provided using variousstandardencodings
suchasASCII, ISCII andITRANS, or othercustomencod-
ing schemes.

At present,eachlevel of annotationis meantto be pro-
vided independentlyfrom the others. There are clearly
top-down(alignment)andbottom-up(concatenation-based)
strategies for generatingground-truthfor speci�c levels
from the truth or transcriptionsat other levels. Thesecan
be modeledas independentlabel sourcesof machinetype
in thecurrentscheme,andmaybeimplementedasplug-ins
in futureversionsof thetool. In addition,annotationat the
word level canbepartially automatedusingword recogni-
tion plug-ins,asdescribedearlier.

Propagationof annotationis supportedby the tool for
semi-automatedannotationof multiple writing trials by the
samewriter collectedaspart of a designeddatacollection
effort. Propagationworks by using the entire subtreeof
annotationfrom the “source” word andapplying it to the
targetwords. Theassociationof character-level annotation
to the strokesof a target samplemay be performedbased
on stroke indices,or moreintelligently by matchingstroke
shapes.Thetool providesboth implementationsto support
suchpropagation.

While we have describedannotationin the context of
ground-truth,the sameprinciples are applicableto other
kindsof annotationpertainingto thescript,styleandquality
of writing.

3.3 Ef�ciency

Wehavemadesomepreliminaryattemptsatbenchmark-
ing theef�ciency of manualannotationof ground-truthus-
ing thetool. Theef�ciency of annotationwasmeasuredas
theaveragenumberof key strokesusedfor annotatingvar-
iousdocumentsat varioushierarchicallevels. Handwritten
pagescontaining200 charactersand50 wordson average
weretakenfor theanalysis.Characterlevel annotationwas
foundto requireapproximately450key strokesperpageon
average,andword level annotationaround250key strokes.
Thetime takento annotatea pageof 50 wordsat theword
level wasaround2 minutesfor a personwith typing speed
of 40-50wordsperminute.

3.4 AccessLibrary

Wehaveattemptedto addresstherequirementsof extrac-
tion of informationfrom annotateddatasetsby providing a
library of functionsimplementedin C++.

The accesslibrary providesinterfacesto theuserto ac-
cessspeci�c subsetsof theinformationcontainedin thecol-

(a) (b)

Figure 5. Samples of writing from (a) Telugu
and (b) Amharic

lectionof hwDatasetdocumentsbasedonconstraintsonel-
ementandattributesof thehwDatasetdocument.

3.5 Discussion

Since one of the major motivationsbehind this effort
is the creationof linguistic resourcesfor scriptswhich are
lacking in them, supportfor non-Romanscriptsis an ex-
tremely importantissue. The ten Indic scriptssupporting
India's eighteenof�cial languagesare good examplesof
suchscripts. Thesescriptsare de�ned as syllabic alpha-
bets,andthe syllabic units of writing arecharacterizedby
a large numberof strokesandhigh structuralcomplexity.
Thesesyllabicunitsmaybebrokendown further into sim-
pler shapesfor recognitionin a few different ways. The
representationandtool thereforeneedto supportcustomhi-
erarchies,at leastbelow thelevel of thesyllabicunits.

Similarly, the encodingschemefor ground-truth(text)
canbe differentfor variousscripts. For Indic scriptsthere
area numberof competingencodingformatsincludingthe
8-bit ISCII, the Indian Script Codefor Information Inter-
change[7], and the 16-bit UNICODE standard.The rep-
resentationandannotationtool thereforesupportmultiple
encodingschemes.However, correctrenderingof ground-
truth labelsin speci�c encodingsoftenposesaproblem.

We have experimentedwith ASCII, UNICODE and
ISCII encodingsin limited testsof theannotationtool (ap-
proximately30000wordsof English,Hindi andTeluguand
1000wordsof Amharic).For Indic scripts,wehaveusedan
encodingcalledITRANS whichcapturesatransliterationof
thetext in ASCII [3]. Thetransliterationis humanreadable
andmaybemappedunambigouslyto ISCII or UNICODE.
Samplesof someof the scriptsusedfor testingareshown
in Figure5. Thetool hasbeentestedusingdigital ink data
collectedfrom differentdevicessuchasIBM crosspad,HP
TabletPC,HP iPAQ (PocketPC)andexternaltablets.



4 Conclusions

In thispaper, wehaveproposedanXML-basedrepresen-
tation calledhwDatasetfor hierarchicalannotationof on-
line handwritingdatato supporthandwritingrecognition,
especiallyfor scripts of the developing world for which
very little recognitiontechnologyexists.Besidesannotaion
of ground-truth,the representationsupportsannotationof
otheraspectsof handwritingsuchaswriting style, quality
andscript,andaccommodatesmultiple writersandannota-
tion sourcesof digital ink. Therepresentationbuilds upon
Digital Ink MarkupLanguage(InkML), adraftspeci�cation
of digital ink beingdevelopedby W3C.

We have alsodescribeda tool for theannotationof on-
line handwritingdatabasedon the hwDatasetrepresenta-
tion. The designof the tool emphasizeseaseof useand
speedof annotation.A plug-in architectureallows integra-
tion of customplug-insfor partialautomationof operations
suchasdocumentsegmentation,andgenerationof ground-
truth. The tool, like therepresentation,is designedto sup-
portandhasbeentestedwith a varietyof scripts.

The hwDatasetrepresentationandannotationtool area
work in progress,andneedto bevalidatedin thecontext of
a wide variety of scriptsandwriting styles. We intendto
makeabeginningin thisdirectionby deploying thetool for
datacollectionefforts in variousIndic scriptsover thecom-
ing year. 1We invite comments,suggestionsandparticipa-
tion in the largereffort to createa truly generalanduseful
representationandtools,from thoseengagedin handwriting
recognitionresearchandthecreationof linguisticresources,
especiallyfor new scripts.
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