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1 Abstract

During the past fifty years sign languages have been
recognised as genuine languages with their own syntax
and distinctive phonology. In the case of sign languages,
phonetic description characterises the manual and non
manual aspects of signing. The latter relate to facial ex-
pression and upper torso position. In the case of man-
ual components these characterise hand shape, orienti
tion and position, and hand/arm movement in three di-
mensional space around the signer’s body. These pho
netic charcaterisations can be notated as HamNoSys de
scriptions of signs which has an executable interpretation
to drive an avatar.

The HPSG sign language generation component of a{_,
text to sign language system prototype is described. Thex
assimilation of SL morphological features to generate
signs which respect positional agreement in signing space
are emphasised.

Figure 1: Avatar sign realisation

2 Introduction mined: verbs and adjectives typically determine whether

A prototype English text to sign language (SL) transIaI_heir comp_lements precedej or succeed_ them. In addi-
tion system has been developeEnglish text is analysed tion the_un_lform represent.a_mon of phone'qc., syntactic and
into a Discourse Representation Structure Representatighmantic information facilitates constraining of a com-
(DRS). The DRS is transformed into HPSG sem Compdglex though determinate information flow between lexi-

nents as input to an ALE based SL generation componefi! tems and sign space representation for determining

for British Sign Language (BSL) The Hamburg Notation™erPhological constituents.

System (HamNoSys)(Prillwitz et al., 1989; Hanke andé . — .

Schmaling, 2001; Hanke, 2002) provides the SL phoneti A Brief Characterisation of Sign

description which is subsequently input to a 'virtual hu-  L&nguage Phenomena

man’ avatar (Figure ﬂKe:nngway, 2001). This discussion concentrates upon the use of HPSG
A constraint based IeX|_caI|st framework of HPSG _(Pol-for generation of the manual components of signing in

lard and Sag, 1994; Ginzburg and Sag, 2000) is asritish Sign Language (BSL). In particular, we note the

propriate as sign order in SLs is largely lexically deterfo|iowing phenomena (Brien, 1992; Sutton-Spence and

IThis work was initiated withinviSICAST an EU Frame- Woll, 1999)
work V' supported project which builds on work supported by 3 - some nominals can be signed at specific positions in sign-
the UK Independent Television Commission and Post Office. ing space and these locations then have syntactic signifi-
The project develops virtual signing technology in order to pro- cance
vide information access and services to Deaf people.

2The avatar illustrated was developed by Televirtual, Nor- 2. nominals which cannot be located in this way can be po-
wich within ViSICAST. sitioned in signing space by indexing a particular location



EEE dropped items)Word s the feature structure for an indi-
Fortng pace vidual sign, and is subclassified @&rb, nounandadijec-

tive. Verbis subclassified to distinguidixed directional
(parameterised by start/end positionggnipulative(pa-
rameterised by a proform classifier handshape). Combi-
nations of these types are permitted, for example 'take’
is adir(ectionalmanigulative) verb.Adj is subclassified

to indicate whether an adjective requires pre or post com-
‘ DI plementsNounis subclassified gserson objector loca-

e
mug

tion, each of the former two may be either invariant or lo-
catable in signing space. Each constituent has a relatively

Figure 2: Signing Space Positions S
standard division of SEM, SYN and PHON features, and

in add

ition a (English textual) GLOSS.

after the sign The most significant deviations from more standard

3. nominals can be referred to anaphorically by inclusion o
classifier handshapes within manipulator verbs

4. directional verbs must be syntactically consistent with théds T
locations of their subject and object

5. verbs exhibits syntactic agreement for number with their

ﬁPSG grammars are the complexity of the phonetic com-
ponent and the use of a CONTEXT feature within SYN.

he Lexicon and Grammar Rules

[[take], [Brow], [telk, Nhd, Hsh, Efd, PIm, Const, Heightobj,
arguments. Distobj, R1, hamreplace, Efd, PIm, Heightsubj, Distsubj, R2}-
In addition, particular positions in signing space (see nggds ke
Figure 2) can be populated by more than one object orf phon see Fig
person though typically these can be distinguished by dif-|syn  see Fig
sem see Fig

ferent classifier handshapes. The sentémake the mug.
is glossed as
MUG(px) TAKE(px,pl,manip_handshape(MUG)) {I(p1)}

where the original position of the mug and | must agree
with the start and end positions of the sign for TAKE. The
fully instantiated generated HamNoSys phonetic form for
this sentence is:

[ [ mug ],

[ non_raised ],

[ hamfist, hamthumbacrossmod, hamextfingerol,
hampalml, hamshoulders, hamclose, hamparbegin,
hammoveu, hamarcu, hamsmallmod, hamreplace,
hamextfingerul, hampalmd|, hamparend ] ],

[ [ take ],

[ non_raised ],

[ hamceeall, hamextfingeror, hambetween,
hamextfingerr, hampalml, hamshoulders, hamirat,
hamarmextended, hamreplace, hamextfingeror,
hambetween, hamextfingerr, hampalml, hamchest,
hamclose ] ],

[[ me]

[ non_raised ],

[ hamfinger2, hamthumbacrossmod, hamextfingeril,
hampalmr, hamchest, hamtouch ] ]

phon

Figure 3: take’s LHS
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4 The Feature Structure

The HPSG feature structure was designed for parallel

| mouth| pict tglk

Figure 4: take’s Phon

d_evelopment of lexicons for a number of different na- Figures 3, 4, 5 and 6 illustrates a typical lexical entry
tional sign languagés To account for the SL phenom- o take’. The lexicon exhibits the most significant adap-

ena above SL constituents are subclassifieseatence iation

of ALE to accommodate the BSL grammar. The

sent phrase word andleer (German 'empty’ denoting standard ALE implementation calls the predicate 'gen’

3Colleagues at the University of Hamburg designed the iniWhICh

, for a successful derivation, returns a sequence

tial structure, subsequently revised to accommodate a numi@f words in one of its arguments. The ALE implemen-

of refinements as work progressed. tation

has been modified so that this result is a list of
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ture duplicates information collated in the LHS of lexi-
cal items. The flattened phonetical non-manual and man-
ual lists are determined locally by the lexical item (rather
than by a post generation tree walk). However, as vari-
ables in the LHS of lexical items cannot be referenced
non-locally in grammar rules, the PHON feature func-
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Figure 5: take’s Syn
} q sign ‘phonemes’. Thus, the structuring of the PHON fea-
sit Ind3
reln  take
act Index1
thm  Index2
sense Sense
index Index1] | index Index
args
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Figure 6:

take’'s Sem

constraints are established.

tions as a 'scratch area’ via which non-local bindings and

The SYN component contains features which deter-
mine sentence mode, pluralisation, (pro)noun drop and
placement (anaphoric reference in signing space). In ad-
sign phonetic descriptions, each element of which is dition the usual interpretations of pre- and post- com-
3 tuple of sign gloss, non-manual and manual descriplements governs grammar rule selection and thus deter-
tions. The latter two are themselves lists of HamNoSymines aspects of sign order.




lastcomplementpron rule
goal > prolog((gen(Precomp,sem:mode:Mode,syn:head:context:cant&ih,Generated,Vs)))
goal > extractSynSem(Vs,Syni,B)
goal > pro_drop.principle(Verb,Precomp,Syni,NewPrecomp,A)

["(phrase ; word)
hon Phon
P face| brow X
sem ECompSems
mode Mod
v _
H Verb
addlist AddList
hrase head context contextin  Cin
phon Phon syn contextout Cout
gem CompSems deletelist DeleteList
Verb2 postcomps()
head context contextin  Cin e
syn contextout Coutfinal _precomps <[Prec0mﬂ> |
postcomps() [ [NewPrecomp T
(phrase ; word ; sentence ; leer)
precomps () gloss B
phon| face| brow X
Sem
sem index |
mode Mod
Cl
syn Head
|:head {Rest}:l

goal > checkhead(Verb,Verb2)

goal > union2(Cin,Cout,Coutfin2)

goal > allocate(Head2,Coutfin2,Z,1,AddList,Res,Others,Coutf)
goal > delete3(Noun,Coutf,ZZ,DeleteList,Coutfinal)

goal > checkpronoun(Head,Rest)

Figure 7: Last Complement Pronoun Rule

Sentence MODE is propagated throughout a HPS@ithin signing space. This is achieved by associating
structure for a sentence by associating sentence typ&anning system style ADILIST and DELETELIST
(declarative, yes-no question, wh-question) with eyéeatures with directional verbs. The ADDST is an
BROW position (normal, raised, furrowed) in PHON andordered sequence of registrations which are instantiated
propagating this throughout all mother, head daughteo indexical information associated with its nominal ar-
(semhead) and daughter (cat) nodes in both chain amgliments and are used to register the start and end posi-
non-chain rules. Currently this is overly simplistic astions. The DELETELIST is used with directional verbs
eye brow position is significant at the ends of questionsf movement in order to model movement of an object or
(rather than throughout the entire proposition). person to the destination location. The CONTERUT

feature records the result of such registrations in order

Anaphoric relationships are achieved by reference tthat an up-to-date model of signing space is propagated
positions within signing space. Nominals can be locatethrough a derivation.

at specific positions (either by being signed at that lo- The values Hsh, Const, PIm and Efd in the LHS of the

cation if they are not fixed signs or by pointing). Sub- : ] :
sequenty, these positions can be used to refer to W2 "SR 3 I e e e e,
nominal. In the case of directional verbs, such p05|¢0mp2 in SYN:-PRECOMPS (Figure 5). Precomp2 is

tions are obligatory morphemes of the sign and mus tantiated to the feat fruct f th inal. and
agree with the appropriate position of the sign. Sucj';:s antiated to the feature sfructure ot the nominal, an

agreement is achieved by propagating a map of si pnce its classifier proforms.

space positions (phonemes for pointing, moving towards ALE’s head-driven generation algorithm (Carpenter
and moving to each location) through derivation in theand Penn, 1999) is appropriate as the modelled BSL
SYN:HEAD:CONTEXT feature. CONTEXITIN is the constructions are analysed as consisting of an identifi-
current state of signing space which at the start of thable head-daughter. A nested SEM structure is derived
derivation indicates positions of 'I' and 'you’ and other from the DRS representation coupled with an initial allo-
non-allocated available positions. Nominals which areation map for SYN:HEAD:CONTEXT:CONTEXTN.
referred to anaphorically and those which are argumenthe semanticgpredicate propagates both the SEM and
of directional verbs of movement have to be registere@ONTEXT_IN component of SYN when non-chain rules



Allocation Map Propagation Rule
phrase phrase phrase

contextin: A} contextin: A]

contextout: Z

syn:head:context:
contextout: Z contextout: Z

syn:head:contex{

contextin: A
syn:head:context:

Figure 8: Rule 1 : Default Propagation

Allocation Map Propagation Rule
phrase phrase phrase

contextin: A} contextin: A]

n:head:contexi:
syn:head:conte {contextout: C contextout: B

syn:head:contex{

contextin: B
syn:head:context:

contextout: C
Figure 9: Rule 2: Last Complement Directional Verb Propagation

are used. Bottom-up chain rules have a conventional forataughters are generated to achieve this then both lexical

as illustrated in Figure 7. LHSs would appear in the resulting sign sequence. Hence
The CONTEXT.IN feature contains the available al- derivation of the pronominal form is achieved by a recur-

location map positions and reflects the state of occupiesive call to ALE ('gen’).

and free positions at a given stage of generation. The fol-

lowing is illustrates a single position using HamNoSy$ Conclusions

mnemonics for the gloss YOU. We invite comment on the association of CON-

syn:head:context.context_in: TEXT_OUT with the HEAD feature thereby undermin-

[(glossref:[(glossr:you,ref:Ind1)] ing the Head Feature Principle by so doing.

halfway_mov: [hammoveo], ” X h .
locat:(locatplm:[hampalml], Enlglir;?]sssg:]g[g:/]ié)srppose a comparison with the following

locatefd:[hamextfingero]),

dis_tancc.ez[hamarmextended], 1. | held the foot of the ladder as John passed the book
he]lghts.[hamchest]), down/?up to me.

The movement of the sign towards this position is an 2 ?_Lesgie went tﬁ Lﬁ”don Wherg he had a Selx change opera-
. tion but now she has returned to Newcastle.
outward movement from the body (hammoveo), the ori-
entation of the palm is to the left (hampalml), extended
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