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ABSTRACT

Sign languagesave beenprovento be naturallanguages,
as capableof expressinghumanthoughtsand emotionsas
traditionallanguagesire. The distinctvisual andspatialna-
tureof signlanguageseemso beaninsurmountabléarrier
for developinga signlanguagé'w ord processor’However,
we argue that with the advancemenof computergraphics
technologyand graphicalimplementation®f linguistic re-
sults obtainedfrom the study of sign languages;writing”
in a signlanguageshouldnot be dif cult. We have pursued
exploratorywork in constructingvirtual gesturesapplying
hand constraints to facilitate the creation of natu-
ral gesturesandcombiningthesegesturesnto meaningful
AmericanSign Languagg(ASL) partsthatfollow the ASL
Movement-Holdmodel. The results,althoughpreliminary
are encouragingWe believe that effective sign language
compositionis possible with the implementationof easy-
to-usegraphicaluserinterfacesandthe developmentf spe-
cializeddatamanagemenmnethods.
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INTRODUCTION

When mentioning the word language, we automatically
think of words,phrasesandsentencesStudiesonlanguages
andgesturesuggesthatbotharerepresentationsf asingle
system[6, 7]. Fundamentallylanguagesndgesturediffer
only in their modalitiesof production(oral vs.gestural)and
perceptionauralvs.visual).

Naturally, the hard of hearingpeopledependon visual and

gesturalfacultiesastheir main avenuesof communication.
Sign languagesave beenproven linguistically to be natu-

ral languageg4, 11], just as capableof expressinghuman
thinkingsandfeelingsastraditionallanguagesre.Signlan-

guagesrealsoamediumbetweerthehearingworld andthe

deafcommunity
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Thereis no standaradwriting systenthatcanbeusedto tran-
scribethesigninginformation.In fact,theremaybedifferent
notationsystemseven in the samesign language3]. Fur
thermorejo peoplewith hearingimpairmentsawriting sys-
tem of a signlanguagas like their secondanguageTheir
nativelanguagéeaily dependsnvisualandgesturathan-
nelsandthe spacearoundthemseles.

The visual and spatialnatureof sign languagesontritutes
to the lack of “editors” in suchlanguagesThe currentwrit-

ing systemswhile makingfull useof varioussuggestie 2D

iconsor phoneticsymbols,areindirect, unnaturakranscrip-
tionsandtransformation®f the 3D expressionsnherentin

sign languagesThe symbol representatioffior a sign lan-
guageis, in fact, a text encodingof spatialcontents.There
arethreeoptionsfor non-text representationand displays:
(1) analog(videorecording){2) digital (recordingpnacom-
pactdisk); and(3) parametriqvirtual signinggesturegen-
eratedat runtime from gesturefeatureparameters)Due to

their inherentlimitations, the rst two display formatsare
unsuitabldor smoothsigning:they arepre-recorde@ndthe
videoclips cannotbe editedandcombinedinto a largerand
smoothewideoclip. A promising,directandnaturalwriting

systenrepresentatiois offeredby thethird option:ahuman
avatarsigningin avirtual ervironment.

Today life-lik evirtual human gures canbeconstructedex-
amplescanbe foundin [1, 13]). Thesehumanavatarscan
imitate humanactionsand even facial expressionsAll the
bodyjoints andfeaturedparts(suchaseyebravs or mouth),
representedsvariousparametersareundercontrolin their
motions,thusallowing the creationof virtual gestures.

The useof virtual human gures in sign languagestudies
is ongoing[2, 3,12]. The main problemswith thesestudies'
resultsarethattheusershaveto know Englishto utilize them
andthatthereis no usercontroloverthesigningavatar The-
refore,theuserscannotcreatenew signlanguagewords” or
“phrases”,which is a signi cant limitation because natu-
ral languageshouldbe openfor extendingits contentsThe
lack of easy-to-usénterfacesalsomakesit dif cult for the
beginnersto bene t from theresultsof thesestudies.

In this paperwe discusglesignissuegelatedto developing
a signlanguagénterfacingsystemandreportseveralinitial
designandimplementatiorresultsfor sucha systemBYy in-
terfacing,we meanthatthe systemis not simply a “software



bridge” betweenthe computergraphicsand sign language
linguistics, but a sign languag€‘writing platform”, similar
to a word processosoftware for a traditionallanguagelIn
this platformonecancreatebasicsignlanguagepartsin the
form of virtual gesturesand combinethesepartsinto sign

languagéwords”,“words”into “phrases” and“phrases’in-
to “sentences”.

We rst give ageneraldescriptionof the interfacingsystem
and the designprinciplesconsideredThen, we investigate
problemsin thedesignof the systempresenpossiblesolu-
tionsfor theseproblemsandshawv severalresultsthatjustify

our proposedsolutions.Finally, we presenbur conclusions.

SIGN LANGUAGE INTERFACING PHILOSOPHY
Theultimategoalof our signlanguagenterfacingsystemis
to provide a simpleandeffective signlanguagé'writing en-
vironment”, similar to somedegreeto a commonword pro-
cessoffor atraditionallanguage.

Thevisualandspatialfeaturesof asignlanguageaequirethe
inclusionof a 3D virtual human gure who canproducethe
gesturehiumansaturallymake. Fromthesevirtual gestures
basiclinguistic partsof a signlanguagecanbe constructed.
Furthermoresimilar to a text editor that supportsthe crea-
tion of new wordsandphrasesthesignlanguagenterfacing
systemshouldprovide an interfacefor the constructionof
new signing parts.This meansthat the usersof the system
shouldhave full controloverthe motionsof the humanava-
tar's moving parts(suchas ngers, arms,andeyebraws).

In atraditionallanguagethereis a standardwriting system,
whereasno standardnotation systemexists in a sign lan-
guage.To transcribe store,and retrieve sign languagdin-
guistic parts,theinterfacingsystemshouldnot dependon a
speci ¢ notationsystem(suchasStokoe or Suttonsystems).
The systemshould provide icons and symbolsof several
notationsystemsor an interfacefor creatingrepresentatie
symbolsof userde ned transcriptioncodes.

In atext editor, letters,words,and phrasesare sequentially
juxtaposedbut in asignlanguagehereis atransitionalpro-
cesshetweertwo signingpartsin which thetwo partsexert
in uence overeachother For example therearefour typical
variationsin a phonologicalprocessmovementepenthesis,
hold deletion,metathesisand assimilation[11]. In graphi-
calimplementationshis present@ movement-control-ger-
time designproblem.Thus theinterfacingsystenmshouldof-
fer amechanisnof adjusting(editing) the motionsof avatar
partsduringa certaintime interval.

For the sign languageinterfacing systemto function as a
“writing platform” similar to a word processara key issue
is how to retrievein the shortestime asigningpartfrom the
sign languagecorpora.Also, at a lower level of modeling,
anotherkey issueis how to quickly andeffectively construct
largerlinguistic partsfrom the basicones.

As this type of interfacing softwareis designedor people
with variouseducationabackgroundsysability is a major

issue,especiallyfor the hearingimpairedpeoplewho lack
basiceducationandtraining. Therefore the systemshould
work the way the usersthink it would. In otherwords, it

shouldfollow abasicrule of HCI designitheprogrammodel
shouldconformto theusermodel[9]. Easy-to-usgraphical
userinterfaceq GUIs) areessentiafor thesetasks.

PROBLEMS AND PROPOSED SOLUTIONS

In this section,we elaborateon the problemsfor designing
theinterfacingsystem proposesolutionsfor them,andjus-
tify thesesolutionswith severalpreliminaryresultsandpro-
totypes ASL is thesignlanguageconsidered.

We foundthatwhile the concepbof “articulatorybundle”[5]
(which describeshand posture with hand con guration,
point of contact, facing, and orientation) provides good
guidelinesfor designingvirtual signingunits, it is moreef-
fective to usegraphicaldesignsandimplementationsvhen
dealingwith the ve basiclinguistic parameter®of a sign
languageliocation, handshapegrientation,movement,and
nonmanualsignals(NMS) [11]. We have also considered
the “local movement”,a specialcaseof the movementpa-
rameter The Movement-Holdmodel[5] is embeddedn the
graphicalimplementatiorof phonologicaland morphologi-
cal parts.

Gesture Space and Location

Accordingto McNeill' s studieson humanmakinggestures,
the gesturespaceis “a shallov disk in front of the speak-
er[6].” McNeill dividedthegesturespacdnto differentsec-
tors andfound that differentgesturesendto Il in specic

sectors.The gesturespacecanbe consideredhe spacedo-

mainof handmotions.

Liddell and Johnsors description of “point of contact”
(POC)[5] providesadirectguidancefor theimplementation
of locationin virtual signing.They illustrate  major body
locationsandgive detailedexplanationf articulatoryloca-
tionsontheheadthetorso,andthearm.We foundthatother
POCfeaturessuchasproximity andspatialrelationshipsre
alsohelpfulin graphicalrepresentations.

A requirementor modelinghumanbodyandhaving ahand
arriveatagivenlocationis to take into considerationhebio-

mechanicsnherentin thehumanbody. Here,the movement
of the humanbody is seenasthe combinationof motions
of thebodyskeleton.Thereforethehumanbodyis modeled
asarobotic manipulatorwith alarge numberof degreesof

freedom(DOFs)at its joints. Therearevariousmotionsat

differentjoints [8], for examplethe wrist hastwo kinds of

motions:(a) e xion andextension,and(b) radialandulnar
deviation (side-to-sidemovement).

With sucha large numberof joints, thereis no analytical
solutionfor the problemof moving a handto a prede ned
location.To simplify thelocationproblem thebodyis divid-
edinto smallerparts,for examplethe handpartandthearm
part. Thus, the movementof a speci ¢ part becomessim-
pler. A softwaresuchasIKAN [10] providesan analytical
andnumericsolutionfor ananthropomorphiarmor leg. We



arecurrentlyworking on embeddingt into our virtual hand
modelin orderto resolhe the complex locationproblemin
realtime.

Basedon our experiencewith modeling hand movement
(wherewe have to dealwith signi cantly moreDOFsthanin
the arm), we believe that heuristicmethodscombinedwith
the applicationof handconstraintsanprovide ef cient so-
lutions to modelingthe movementof an objectwith large
numberof DOFs(moredetailsaregivenin the next subsec-
tion). Thus,we arealsoexploring the useof thesemethods
in modelinglocationsin the signingprocess.

Handshapes and Hand Orientation

The handshapés the mostimportantphonologicalpart of
ASL. Moreover, thereareasmary as  DOFsin onehand
(if consideringthe palm orientation),which is the reason
why we chosehandmodelingasthe rst stepof designing
the sign languageinterfacing system.Basedon consider-
ationsof handbiomechanicsye have constructea life-lik e
virtual handthatcangenerateall typesof handshapes.

The motionsof the ngers, thumb,andwrist arerepresent-
ed asvariousrotationsat handjoints aroundspeci c joint
axes.Thus,ahandcon gurationis only asetof joint rotation
angles.The handorientationis seenas partof typical hand
motions,namelyrotationsat the wrist and motionscoming
from theforearm.Theseconsiderationsaturallyconformto
the biomechanicaktudiesof the humanbody [8]. Figure 1
shaws severalexamplesof handshapes.

CIEIEES

Figure 1. Handshapesrenderedin differ ent styles.

We alsoconstructec GUI for adjustinghandjoint anglesso
asto generataifferenthandshapedo supportthe creation
of naturalhandshapeand quicken the generatiornprocess,
we appliedhandconstraintgto our virtual handmodel.An
exampleof a handconstraintis givenby the bendingof the
middle nger: thering andindex ngers follow the middle
nger's bendingmovement.The applicationof handcon-
straintshave greatly helpedusin the constructionof hand-
shapes.

Nonman ual Signals

We are currently consideringincorporatinginto our virtual
signingprocesfundamentahonmanuakignalssuchaseye
movementheadtilt, andmouthopeningandclosing.Mod-
eling complex facial expressionss a challengingtopic in
computergraphicswhile somebasicfacial expressionsan
be producedwithout muchdif culty . The modelingof face
andfacialexpressiongonstitutegartof our futurework.

Movements and Virtual Signs
According to Liddell and Johnsors model, signs can be
segmentednto movementsandholds—morepreciselythey

canbe composedf sequentiallyproducedmovementsand
holds[11]. UsingtheMovement-HoldModel, ASL linguists
describethe formationof new signsfrom ASL phonologi-
cal andmorphologicalparts.It is importantto notethatfor
somesignsthe sequencef movementsand holds can be
very comple.

To malke thingseasierin our approachwe castoff linguistic
implications.By movementswe meanary kind of move-
mentsusedin signing.They canbeinternalmovements]o-
cal movements and movementsde ned by movementand
hold segments. From a modelingpoint of view, a hold sey-
mentis similarto amovementsegmentandasigningprocess
is composedf asequencef movements.

Firstwe de ne a gesturg(similarto articular bundlein [5])
andthenshawv how to constructagestureandusegestureso
createasign.A gesture isadatastructure thatcon-
sistsof the contrastve phonologicabarametershandshape,
location, orientation,movement,and NMS. The valuesof
theseparameterarede ned with their own characteristics.
For example,a handshapés a setof rotationanglesof hand
joints, andalocationis a 3D pointandits correspondingo-
tationanglesatthearmandshouldeijoints.

A gesturecanbe easily constructedoy using GUIs for de-

ning handshapedpcations,orientationsmovementsand
NMS. We have implementedparameteiGUIs (an example
is shavn in Figure2) andwe canconstructhandshapeery
quickly with them.All the gesturesare storedin a gesture
database .

We introducea factor and constructa sign accord-
ing to the following rules: (1) Thetime canbe the start-
ing time for a gesture or the time interval betweentwo
adjacentgesturesin the signing process.(2) A 3|gn is
a linked list of timed gesturesfrom

, with the starting
andendinggestures(3) To producea correctsign, canbe
editedthroughgraphicaluserinterfaceqFigures2 and3) the
animationof is displayedat userde ned speedsuchthat
interpolatingframesbetweeradjacengesturesireautoma-
tically insertedfor displaying;the animationprocessanbe
pausedtary momentfor possiblensertionof new gestures;
whenpausedthecurrent(interpolatedgesturdrameis sub-
ject to beingedited(throughparameteGUIs) andto being
storedasa new gesturen the . (4) All the oper-
ationsare performedvia a GUI interfaceanda gestue time
factor, if changedis broadcasto all thegestureime factors
in . (5) Theresultinggesturesare automaticallyrendered
anddisplayedonthescreen.

Startin sture Speed Ending sture
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Figure 2. The signedit GUI and the nger GUI.

It is very commonto combineexisting signsto obtainnew
signs.For example,ASL methodsfor new sign generation



Figure 3. One of the signing editing GUIs.

include movementepenthesishold deletion, metathesisn
phonologicalprocess compoundsand numericalincorpo-
ration. Thus, a sign database is neededor the
combinationand creationof new signs.Whena sign is
createdandenterednto thedatabaseanary elds thatarere-
latedwith  shouldberegisterednto . Examples
of such elds include 's parametersandtheir values; 's
transcriptioncode; possibleglossingrepresentationge.g.,
CAT for the“cat” sign); signsrelatedwith ; measurements
(weights)of theirrelationshipge.g.,sIT andCHAIR arehigh-
ly relatedsigns having apossibleassociationveightof 0.9).

With , hew signscanbe easilyconstructedising
a methodsimilar to that of creatinga sign from a gesture
databaseAfter all, asign is, alinkedlist of gesturesvith
associatedime factors.Moreover, we canuseediting func-
tions,for examplethein uence of two consecutie signscan
be dealtwith throughdeletionandmodi cation of the ges-
tureson the boundaryor throughinsertionof new gestures
betweenthem.In addition,a sign databasés necessaryor
the constructiorof classi er predicates.

“Writing” in Sign Langua ge

An importantrequiremenfor “writing” in signlanguagess
thatasignshouldberenderedn differentstyles,correspond-
ing to varioussituations.A life-lik e virtual animationcan
be usedasthe endproductionof a sequencef signs,while
outline andwireframerenderingsprovide very fast(yet un-
derstandable)epresentationor alarge numberof signs.A
signlanguagéewriter” canquickly selectthedesiredsign.

Two mainproblemsprevent“writing” in signlanguagesone
is how to retrieve the right signfrom the sign databasend
the otheris how to transitionsmoothly naturally andgram-
matically from one sign to the next. To dealwith the rst
problemwe canborrov methodsuchasautocompleteised
in several Asian languageext input techniguesWhenone
clicks on asignor typesin thetranscriptioncodefor a sign,
the signsrelatedto that sign (e.g., with higher associated
weightsor sharingthe rst transcriptioncoding symbols)
will bedisplayedon the screengachof which beinganani-
mationsequenceccompaniedhy a number renderedn an
easy-to-understandgtylein a small screen area.Onecan
easilyclick on the desiredsign or typein its representatie
number

The secondproblemis anopenproblem,currentlyexplored
by sign languagescientists. However, asthe rst step,the
editing techniqueglescribedn this paperfor creatingnew

signsfrom existing gesturesandsignscanbe used.If auser
is familiar with a signlanguagegasy-to-us&Ul interfaces
canhelp combiningtwo or more consecutie signs.Based
on our previouswork on transitionshetweerdifferenthand-
shapeswe believe thatthis approachs correct.

CONCLUSIONS

In this paperwe have introducedthe layoutsof andprovid-
edthe guidelinesfor developinga signlanguagenterfacing
ervironmentwhereuserscandesignandconstructsignlan-
guagelinguistic parts,generatesignsfrom theseparts,and
ultimately use existing signsto constructnew signsin the
language Our prior experiencewith handshapelesignand
signeditinghasencouragedsto pursuethis topic.

By extractingthelinguisticimplicationsof thesignsandem-
beddingthe linguistic meaningsnto puremovementsat the
avatars joints, signing processegonsistessentiallyof de-
ning andcontrollingmovementsequencedle believe that
throughcarefully designeduserfriendly GUIs, hearingim-
pairedpeoplecouldbene t from our proposedsolutions.
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