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Abstract

Annotateddatasetsf handwritingare a prerequisitefor
the designand training of handwriting recagnition algo-
rithms. In this paper webrie y describean XML represen-
tation for annotationof online handwriting data that uses
the emeging Digital Ink Markup Languaye (InkML) stan-
dard from W3Cfor the representatiorof handwritingdata.
We then describea tool basedon the proposedrepresen-
tation that can be usedfor annotationof digital ink. Ease
andspeedf annotationare emphasizeth the designof the
tool. Togethertherepresentatiorandthetool attemptto ad-
dressthe requirementsof creationof annotateddatasetsof
handwrittendatain differentscriptsaroundthe worldwide

1. Intr oduction

Annotateddataset®f handwritingcovering a variety of
writing stylesare essentiafor the developmentand eval-
uation of moderndata-driven handwritingrecognitionen-
gines.Thisissuewas rst addresseih thecontext of theon-
line handwritingrecognitionproblemby the UNIPEN con-
sortiumin the early 19905 [6, 5]. The UNIPEN represen-
tation emplojed ASCIl at les to storehandwritingdata
andassociate@nnotation.Thefocusof the UNIPEN effort
was the recognitionof cursive English, and the members
of the consortiumcollectedandannotatedarge amountsof
handwritingdatain the UNIPEN format. More recently
therehave beenattemptsat creatingdatasetsisingthesame
standardn otherlanguagesuchas JapaneséKanji) and
Arabic[8].

While researctin online handwritingrecognitionin the
context of Romanand mary Oriental scripts has contin-
uedunbrolenfor overthreedecadesndresultedn several
commercialengines the samecannotbe said for the ma-

jority of the world's scriptsespeciallyin developingcoun-
tries. Thelack of signi cant andeasilyavailablelinguistic
resourcesn theform of annotatediataset®f handwriting
hasbeenone of the obstacledo researchn thesescripts.
It is clearthat mary of theseresourceseedto be created,
andthe creationof suchhandwritingdatabasem different
scriptscallsfor astandaraepresentatiothatis independent
of script and allows semanticinterpretationof the writing
at varioususerde ned logical levels. The representation
shouldcaptureinformationaboutscript,writing style,qual-
ity of writing andtruth. It shouldalsocaptureinformation
aboutwriters andthe datacaptureervironment. It should
supportautomaticgeneratiorof annotatiorusingrecogniz-
ers,andsubsequentanualvalidationprocesseslt should
keephandwritingdataseparatdrom its semantidnterpre-
tationsandit shouldsupportplannedaswell ascasualdata
collection.

In this paperwe describehwDatasetan XML represen-
tationfor theannotatiorof handwritingdatathatis inspired
by the UNIPEN standardandaddressetheserequirements.
XML is anaturalchoicefor therepresentationf annotation
becauseof its hierarchicalnatureand extensibility [1, 4].
The hwDatasetrepresentatiomakesuseof an underlying
XML representationf theraw handwritingdatacalledDig-
ital Ink Markup Language(InkML), a standardbeing de-
velopedby the W3C for the descriptionof digital ink [10].
InkML markupis designedo supportheinput, storageand
processingof handwriting, gestures sketches,music and
othernotationalanguage Web-base@pplicationsjnde-
pendenbof platform. InkML also providesa commonfor-
matfor the exchangeof ink databetweercomponentsuch
ashandwritingandgesturerecognizerssignatureveri ers,
andotherink-awaremodules.

INKML provides meansfor application-speci cexten-
sions.By virtue of beinganXML-basedlanguageit allows
usergo easilyaddspeci cinformationtoink les to suitthe
needsof the applicationat hand. In this sensehwDataset



Figure 1. Conceptual
hwDataset and InkML

relationship between

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

In additionto a standardepresentationthe creationof
annotateddatasetsof handwritingrequireseffective tools
for datacollectionandannotation. Annotationof ground-
truth is a particularly critical and expensve operationthat
requirescareful attentionto tool design. Among other
things,issuesrelatedto non-Romarscriptshave to be ad-
dressedn detail[9]. In this paper we alsodescribea tool
for annotationof online handwritingdatathat canbe used
to createcompletehwDatasetlocuments.

1.1 Creationof Annotated Datasets

Thecreationof annotatediataset®f handwritingis gen-
erally comprisedof sequentiabatacollectionandannota-
tion phaseslin the datacollectionphase handwritingsam-
plesare collectedusingappropriatedevicesandtools (see
for example[2]) andthe digital ink capturedn les in an
appropriatedirectorystructure usinga corvenientink for-
mat suchas InkML or UNIPEN. This phaseis often dis-

tributedover differenttimes,placesandevenorganizations.

The datacollectionmay be designecbr casual.In the for-
mer instance writers with speci c skills are recruitedfor
contrituting handwritingsamplesand asled to write spe-
ci ¢ characterswords or sentence®r a combination,or
givenotherspeci c tasks. In the latter, digital ink is a by-
productof anink applicationsuchashandwrittenemail or
note-taking.

In additionto the handwritingdata,metadatgertaining
to the designof the datasetandwriter pro les is typically,
but not necessarilycapturedas part of this phase. Basic
groupingof the capturedink into the top-level annotation
categoriescorrespondingo writing tasksmay alsobe cap-
turedin this phase.For example,if the designof datacol-
lection requireseachwriter to write a list of wordsin dif-
ferent elds of anelectronicform, the ink from each eld
canbe automaticallygroupedinto “words” andword-level

ground-truthprovided. In our own datacollection efforts
[2], metadatacapturedduring this phases representedii-
rectly as hwDatasetdocumentswith referencego digital
ink capturedseparatelyasinkML documents.

The les of digital ink andarny metadataapturedaspart
of thedatacollectionphasdorm theinputto theannotation
phase.In this phase metadatacapturedaspart of the data
collectionphasecanbe validatedandcompleted.However
thechiefactvity in this phasds thetaggingof ink with la-
belscorrespondingo groundtruth, writing style,andsoon,
at differentlevelsof anappropriatéhierarchyof annotation
levels. Even with the availability of tools, this actwvity is
laborintensive andseveral passesnay be neededo obtain
the desiredlevel of accurag of annotation.In the general
caseannotatiormaybeaddedacrossnultiple sessionslis-
tributed over time and space;not all levels or typesof an-
notationmay be provided in one session(or ever !); and
multiple annotators humansor machinealgorithms- may
provide annotation. For pragmaticreasonsit is generally
necessaryo have accesgo partially annotatedlatasetven
asit evolves.

The output of the annotationphaseis a collection of
hwDatasetlocumentrganizedinto an appropriatedirec-
tory structure.EachhwDatasetlocumenis pairedwith an
InkML documentontainingthe digital ink datareferredto
in thedocument.

2. Representationfor Annotated Handwriting
Datasets

TheproposedwDatasetepresentatioincludesa setof
XML elementdor detailedannotatiorof handwriting. The
hwDatasetlemenis theroot of thedocumentaindcaptures
metadataaboutthe datasetas part of the datasetinfoele-
ment,variousde nitions aspartof datasetDefsandhierar
chicalannotatiorof handwrittendataaspartof oneor more
hwDataelements.Theseelementsare describedrie y in
thefollowing paragraphs.

datasetinfo The datasetinfoelement(Figure 2) captures
metadatarelatedto the datasetas a whole. It contains
the following elements:(a) name- namefor referringto
the dataset,(b) category - type of datasetcapturedusing
UNIPEN-stylecodes,(c) version - versionnumberand/or
datestampmf datasepublication,(d) contact- contactinfo
for dataset-relatedueries,(e) source - the sourceof col-
lecteddata,(f) setup- physicalconditionsin whichdatawas
collected,and(g) datalnfo- informationaboutthe data.
Thedatalnfoelemenin turn containghefollowing sub-
elements:(a) script - language/scriptapturedin dataset,
(b) quality - overall assessmertf quality of handwritten
datacapturedn dataset(c) truth - ground-truthof whatis
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Figure 2. The datasetinfoelement captures
metadata about the dataset

capturedsuchas a word-list, (d) methodolgy - designof
dataandcollectionprocedureand (e) annotationSheme-
descriptionof annotatiorscheme.

annotationSchemepeci es the userde ned hierarchy
of annotationby meansof a seriesof annotationLeel el-
ements.

datasetDefs The datasetDefelementcapturesinforma-
tion aboutdifferentwriters and sourcesof labels(annota-
tion) representeth the datasetandprovidesthe meandor
referringto themlaterin the document.t containsthe fol-
lowing elements:

writerDefs - declarationsof writers as a sequencef
writer elements

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

Eachwriter elementin turn containsa date subelement
which providesa coarsandicationof thetime whenwriting
occurredasopposedo themuchmoreprecisetracetimes-
tampsin InkML), anda personalsubelementhat captures
personainformationsuchashand- left/right handedness,
gender- gendeyage - ageat thetime of capture skillScript
- level of skill with script, skillDevice - level of familiarity
with writing device, style- predominantwriting style,and
region - native region.

EachlabelSk elementcontainsthe following elements:
(a) name- nameof the human/automateslourceof labels,
(b) description- descriptionof label sourceincluding re-
sponsibleorganization(c) time- approximatelateandtime
of annotatiorof datasetand(d) contact- contactdetailsof
labelsource.

In addition, an attribute labelTypesdescribeshe cate-
goriesof labels(e.g. truth, quality, script, style) generated
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Figure 3. hwDataelement hierar chical organi-
zation of annotation

by thegivensourceandtheir characteencoding(e.g.UNI-
CODE).

hwData The hwDatasetdocumentcontainsone or more
hwData elementscorrespondingo differenttrials or dif-
ferent elds of writing capturedfrom a writer in a single
trial. Theseinstancesmay be distinguishedusing the Id
atttribute. EachhwData elementsupportsthe hierarchical
organizationof annotatiorof the correspondingligital ink
(Figure 3. It refersto an appropriatdevel of the of
the annotatiorhierarchyde ned by the useraspart of the
speci cationof the annotationShemeelement.Eachlevel

of the hierarchycontainsone or morelabel elements
thatcapturesannotatiorinformationatthatlevel. may
in turn containeitheroneor more elementsor hw-
Tracestheleafelemenbf thehierarchythatrefersto digital
ink tracegrepresentedsingInkML (Figure3(b)). It is note-
worthythat (i) hwTracesandthe elementarederived
from the traceRefelementfrom InkML, and (ii) semantic
interpretation®f the levelssuchasWORD or CHAR
arespeci edaspartof theannotationSheme

The label elementcan be usedto capturealternatie
choicesof labelwith con dencevaluesif ary, andtheexact
time of annotation Althoughprimarily intendedo describe
the truth value of a particularsetof ink traces,it may also
be usedfor describingothercharacteristicsuchaswriting
style,quality andscript. Thetimestampcanbeusedto gen-
eratethe historyof annotatiorof a particularunit of writing,
spanninglifferentlabelsourcesThealternatesanbeused
to facilitatethe processof manualvalidationof annotation
by promptingoptionsfor humanvalidation.

Formally, the attributesof label are (a) id - identi ca-
tion of label, (b) labelScRef- areferencdo alabelsource
de ned earliet (c) category - catagyory of label (e.g. truth,
quality, script, style),and(d) timestamp time of the actof
annotation.

The hwDatasetrepresentatioattemptgo satisfythere-
guirementdor agoodrepresentatioschemehatwerelaid
out in the introductory section. Script-independencés
achievedby supportingdifferentencodingstandard$or the



truth values,anduseof an XML basedepresentationThe
representatiosupportssemantianterpretationof the writ-
ing atvarioususerde nedlogicallevelsandcapturesnfor-
mationaboutscript, style, quality at theselevels. In addi-
tion, theseattributesmayalsobeassociatewvith the dataset
asa whole, or with speci ¢ writers. The label andlabel-
Src elementsprovide the meansto capturerecognitional-
ternatesalongwith con dences thussupportingthe useof
multiple sourcef annotatiorfor theautomatiogeneration
of annotatiorandsubsequentanualvalidation. Attributes
have closedsetsof valueswhereeerpossible Multiple hw-
Data blockscanbe usedto capturedifferenttrials or multi-
ple elds of writing within thesametrial.

3 Annotation Tool

In this sectionwe describeatool thathasbeendesigned
to facilitatethe annotatiorof onlinehandwritingdatausing
the proposechwDataseformat. While the tool is designed
to readandwrite hwDatasetlocumentsit is alsocapableof
importing puredigital ink in input formatssuchasInkML,
UNIPEN, andsimple ASCII encodingsof tracedata. The
tool supportsnput and output,viewing, editing andanno-
tation of digital ink at differentlevels of a userde ned hi-
erarchies. The tool is supplementedby a library of basic
functionsthat canbe usedto accessand extract handwrit-
ing datafrom hwDatasetlocumentdasedon userde ned
criteria.

3.1 Software Architecture

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. Thetool alsoallows multiple
plug-insfor the sameoperation(for example,line segmen-
tation) and selectionof a speci ¢ plug-in at the beginning
of the annotationsession. This allows for customization
anddynamicselectionof thesemodules.In addition,word
recognitionplug-ins may be usedto partially or fully au-
tomatethe generatiorof ground-truthfor handwritingdata.
Thetool alsoprovidesabasicsetof stroke signalprocessing
routinessuchasmean Iter , median Iter , one-dimensional
Fourier transform,and so on. While not centralto anno-
tation, theseallow the visualizationof the effect of differ-
entkinds of signal processingn digital ink. Sinceall the
plug-insfor agivenclassof operationseturnresultsin stan-
dardformats they arehandledwithin thetool in aconsistent
manner Sampleplug-insareprovided alongwith thetool,
andnew plug-insmaybewrittenin C++.

Thetool hasbeendevelopedn C++,usingQtasthe GUI
toolkit. Currentlythetoolis supportedntwo populardesk-

Figure 4. English text being annotated at the
line level following automatic line segmenta-
tion

top operatingsystems Linux and 32-bit Windows. Since
C++andQt areavailableon mary otherplatforms,thetool
canbeextendedo thoseplatforms.

3.2 Usage

The user interface of the annotationtool featuresa
workspacefor manipulationof digital ink and a tool bar
with buttonsfor all the key operationgFigure4). Capture
of metadataelatedto the datasetinfeanddatasetDefele-
mentsin the representatiors supportedhroughadditional
screens.Note that any metadatgoresentin the input hw-
Datasetdocuments automaticallyreadandmadeavailable
for modi cation throughthesescreens.

Once metadatahas beenprovided, the next important
stepis speci cation of the annotationhierarchy Herethe
userhasa choiceof prede nedlevels suchasWORD and
CHARACTERaswell asthe e xibility to de ne new ones.
In generalannotatiorproceed$y segmentinga digital ink
documentat a desiredlevel of granularitysuchaslines or
wordsusinganavailableplug-in, or into individual stroles.
The tool currently supportsautomaticsegmentationat the
stroke, word andline levels, basedon inter-stroke distance
patterns As mentionecdkarlier thesealgorithmsareembed-
dedin plug-insandcanbemodi ed by theuser

Thesegmentgstroke groups)obtainedasaresultof sey-
mentatiorata particularlevel aredisplayedn differentcol-
ors using a coloring scheme. Thesesggmentsgenerally
needto be manuallycorrected,andthe interfacesupports
theuseof bothmouseclicks andkeyboardshortcutdor ad-
justmentof segmentsandfor selectionof oneor moresey-
mentsfor furtherannotation.

Oncethe sggmentationhasbeenveri ed, the usercan
manuallyannotateseggmentsby directly keying in ground-
truth using a QWERTY keyboard. A single selection-
keystroke maybe usedto endthe annotatiorfor the current
segmentandadwvanceto the next segment. In this manney
all sggmentsat a speci ¢ annotationlevel can be truthed



fairly easilyandquickly with minimal overhead.Ground-

truthis recordedasanuninterpretedtringof characterand

hencemay be provided using various standardencodings
suchasASCII, ISCIl andITRANS, or othercustomencod-
ing schemes.

At presentgachlevel of annotationis meantto be pro-
vided independentlyfrom the others. There are clearly
top-dowvn (alignmentjandbottom-up(concatenation-based)
stratgies for generatingground-truthfor speci c levels
from the truth or transcriptionsat otherlevels. Thesecan
be modeledas independentabel sourcesof machinetype
in thecurrentschemeandmaybeimplementedasplug-ins
in futureversionsof thetool. In addition,annotatiorat the
word level canbe partially automatedisingword recogni-
tion plug-ins,asdescribedkarlier

Propagatiorof annotationis supportedby the tool for
semi-automatednnotatiorof multiple writing trials by the
samewriter collectedaspart of a designeddatacollection
effort. Propagationworks by using the entire subtreeof
annotationfrom the “source” word and applyingit to the
targetwords. The associatiorof charactedevel annotation
to the strokes of a target samplemay be performedbased
on stroke indices,or moreintelligently by matchingstroke
shapesThetool providesbothimplementationso support
suchpropagation.

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

3.3 Efciency

We have madesomepreliminaryattemptsatbenchmark-
ing the ef ciency of manualannotatiorof ground-truthus-
ing thetool. Theefciency of annotatiorwasmeasureds
the averagenumberof key strokesusedfor annotatingvar-
iousdocumentsat varioushierarchicalevels. Handwritten
pagescontaining200 charactersand 50 words on average
weretakenfor the analysis.Charactefevel annotationvas
foundto requireapproximatelyd50key strokesperpageon
average andword level annotatioraround250key strokes.
Thetime takento annotatea pageof 50 wordsat the word
level wasaround2 minutesfor a personwith typing speed
of 40-50wordsperminute.

3.4 Accesd.ibrary

We have attemptedo addressherequirementsf extrac-
tion of informationfrom annotatediatasetdy providing a
library of functionsimplementedn C++.

The accesdibrary providesinterfacesto the userto ac-
cessspeci ¢ subset®f theinformationcontainedn thecol-

(@) (b)

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

lectionof hwDatasetlocumentdasedbn constraint®on el-
ementandattributesof thehwDatasetlocument.

3.5 Discussion

Since one of the major motivations behind this effort
is the creationof linguistic resourcegor scriptswhich are
lacking in them, supportfor non-Romanscriptsis an ex-
tremelyimportantissue. The ten Indic scriptssupporting
India's eighteenof cial languagesare good examplesof
suchscripts. Thesescriptsare de ned as syllabic alpha-
bets,andthe syllabic units of writing are characterizedy
a large numberof strokes and high structuralcomplexity.
Thesesyllabic units may be broken down furtherinto sim-
pler shapedor recognitionin a few differentways. The
representatioandtool thereforeneedto supportcustomhi-
erarchiesatleastbelaw thelevel of the syllabic units.

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], andthe 16-bit UNICODE standard. The rep-
resentatiorand annotationtool thereforesupportmultiple
encodingschemesHowever, correctrenderingof ground-
truthlabelsin speci ¢ encoding®ften posesaproblem.

We have experimentedwith ASCII, UNICODE and
ISCII encodingsn limited testsof the annotatiortool (ap-
proximately30000wordsof English,Hindi andTeluguand
1000wordsof Amharic). For Indic scripts,we have usedan
encodingcalledlITRANS which capturesatransliteratiorof
thetext in ASCII [3]. Thetransliterations humanreadable
andmay be mappedunambigousliyto ISCII or UNICODE.
Samplesof someof the scriptsusedfor testingare shavn
in Figure5. Thetool hasbeentestedusingdigital ink data
collectedfrom differentdevicessuchasIBM crosspadiHP
TabletPCHP iPAQ (PocletPC)andexternaltablets.



4 Conclusions

In this paperwe have proposedn XML-basedrepresen-
tation called hwDatasetfor hierarchicalannotationof on-
line handwritingdatato supporthandwritingrecognition,
especiallyfor scripts of the developing world for which
verylittle recognitiontechnologyexists. Besidesannotaion
of ground-truth,the representatiorsupportsannotationof
otheraspectof handwritingsuchaswriting style, quality
andscript,andaccommodatemultiple writersandannota-
tion sourceof digital ink. The representatiotuilds upon
Digital Ink MarkupLanguagé€InkML), adraftspeci cation
of digital ink beingdevelopedby W3C.

We have alsodescribeda tool for the annotationof on-
line handwritingdatabasedon the hwDatasetrepresenta-
tion. The designof the tool emphasizegaseof useand
speedobf annotation.A plug-in architectureallows integra-
tion of customplug-insfor partialautomatiorof operations
suchasdocumenseggmentationandgeneratiorof ground-
truth. Thetool, like the representatioris designedo sup-
portandhasbeentestedwith avarietyof scripts.

The hwDatasetrepresentatiomndannotatiortool area
work in progressandneedto bevalidatedin the context of
a wide variety of scriptsandwriting styles. We intendto
make a beginningin this directionby deploying thetool for
datacollectioneffortsin variousindic scriptsoverthe com-
ing year 'We invite commentssuggestionsnd participa-
tion in the larger effort to createa truly generalanduseful
representatioandtools,from thoseengagedn handwriting
recognitiorresearctandthecreationof linguisticresources,
especiallyfor new scripts.
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