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Abstract.  Incorporationof speechandIndian scriptscangreatlyenhancehe
accessibilityof web informationamongcommonpeople.This paperdescribesa
‘web reader’which ‘readsout’ the textual contentsof a selectedweb pagein

Hindi orin Englishwith IndianaccentThecontentof the pageis downloadedand
parsednto suitabletextualform. It is thenpassento anindigenouslydeveloped
text-to-speectsystemfor Hindi/Indian English,to generatespolen output. The
text-to-speectcorversionis performedin threestagesiext analysis,to establish
pronunciation,phonemeto acoustic—phonetiparametercorversionand, lastly,

parameteto-speechcornversionthrougha productionmodel. Differenttypesof

voicesare usedto readspecialmessagesThe web readerdetectsthe hypertet

links in theweb pagesandgivesthe userthe optionto follow thelink or continue
perusingthe currentweb page.The usercanexercisethe option eitherthrougha

keyboardor via spoken commandsFutureplansincluderefining the web parsey
improvementof naturalnes®f syntheticspeectandimproving the robustnesf

thespeectrecognitionsystem.

Keywords. Webreaderiext to speechspeechsynthesisspeectrecognition;
Indianaccenthumancomputelinteraction.

1. Introduction

In thisinformationage storageandretrieval of informationin acorvenientmannehasgained
importanceBecaus®f thenearuniversaladoptionof the World Wide Webasarepositoryof
informationfor unconstraineaéndwide disseminationinformationis now broadlyavailable
overtheinternetandis accessiblédrom remotesites.

However, theinteractiorbetweerthecomputerndtheuseris largelythroughkeyboardand
screen-orientedystemsin the currentindiancontet, this restrictsthe usageto a minuscule
fractionof thepopulationwhoarebothcomputetliterateandcorversantvith written English.

In orderto enablea wider proportionof the populationto benefitfrom theinternet,there
is needto provide someadditionalinterfacewith themachine Speechbeinga naturalmode
of communicatioramonghumanbeings canalsobeacornvenientmodeof interactionwith a
computerinternationallyefforts arealreadyonto combinehypertext navigationwith spolen
languagdLauetal 1997).Thiscanbeof particularsignificancan ourcountrywheretherate
andlevel of literacy arequitelow. Coupledinnovatively with visuals,speechandsoundcan
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adda new dimensionfor corveying informationto the ‘common’ man. Audio information
canalsobebroadcasfe.g.atcommunitycentrespr madeavailableondemandy telephone,
therebygreatlyexpandingtherangeof end-users.

It is desirablethat the human-machinénterface permitscommunicationn ones native
languageThis is animportantissuein a multi-lingual countrysuchasindia. If the human-
orientedinformationover the internetcanbe codedin aform suitablefor displayin a script
familiartotheuserandalsofor readingoutin anacceptabléanguagendaccentthecomputer
canprocessuchhypermediadocumentndprovide theinformationappropriatelyto alarge
numberof users.

This paperdescribeswebreademwhich can‘readout’ appropriatelycodedHTML pages
in IndianlanguagesindaccentsTo startwith, Hindi and‘Indian English’ have beenchosen.
Choiceof Hindi in Indiais automaticEnglish,however, isthepre-dominaninterneianguage
andwill continueto besoatleastin thenearfuture. Thewebreadetherebycaterdor English
also,butreadshemoutin anaccentvhichis considerablynoreacceptabl¢éhanthestandard
Englishaccento anaveragelndian.

2. Overview of theweb reader

Thefunctionof thewebreadeiis to dovnloadtheuserspecifiechypermediadocumentparse
the documento extracttextual information,feedthe text to a text-to-speectsystem(TSS),
andplaythesynthesizedpeeclunderusercontrol.Figurel shavsafunctionaldiagranof the
webreaderlts corecomponentareanHTML documenprocessoanda TSS.A javascript
downloadsthe web pagespecifiedby the user This documents processedy the standard
generalizednarkuplanguagg SGML) parsemwhich validatesthe documeni@andprovidesa
text representationf theelement®f thedocumentThis outputis furtherprocessethy atext
parsetto extractinformationwhich canbefedto the TSS.Thetext processomoduleof TSS
generatesa sequenc®f phonemesndstressmarkers,which is fed to the speechsynthesis
module.Theresultantspeectsignalis playedout on a spealer or a headphoneéWheneer a
hypertext link is encounteredéh the documentthe webreadereadsout thetitle of thelink.
Thenthe usercanselectone of the several optionsfor navigating throughthe HTML tree
eitherusinga keyboardor via spolen commandsThe default behaiour of the browseris
to wait for a pre-determinegberiod of time andthencontinuewith readingout the current
documentFor readingout Hindi, the text mustbe availablein the web page,in a suitably
codedform for displayin the Devanagri script. Subsequenprocessings similar to Indian
English,exceptthatthe Devanagri script, codedin Romanalphabethasto be interpreted.
Section6. givessomeinformationaboutdisplay/printoutin Indianlanguages.

Detailsof theTSSandtheHTML documenprocessoaregivenin thefollowing sections.

URL Retrieve/parse Text TTS Audio User
HTML doc parser player control

o Follow a link
e Continue
® New URL

Figurel. A blockdiagramof thewebreader
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3. Text-to-speech system

3.1 Badkground

Text-to-speecl{TSS)conversionhasto be performedn two steps:(a) text to phonemecon-
versionand(b) phonemdo speecltorversion.n thesecondstep we facethe‘core’ problem
of speectsynthesisyiz. thatacoustiananifestation®f phonemesrecontext dependenand
transitionsbetweenphonemesarry vital perceptuakcues.Synthesisof continuousspeech
thereforecannotbe donejust by ‘cut-and-pastebf individual words/phonemes.

Two parallelapproacheto overcomethis problemareasbelow.

(a) Concatenatiormethodusescut-and-pastehut larger splicesof naturalspeeche.g.syl-
lables,diphonesareselectedasunits, sothatimmediatecontetual effectsarecaptured.
Also, the splicesareto be concatenatedt ‘'steady-statedf speech.

(b) IntheGenentivemethodspeeclis generatedtom somekind of speeclproductiormodel
andthe control parameter®f the modelare varied usually by context-dependentules.
‘Formant synthesizers a very widely usedgeneratie synthesizewhich usesa speech
productionmodelbasedon ‘formant’ (i.e. resonancefrequencies.

In Indian languagesynthesispboth methodswere usedwith successA Hindi/Urdu TSS
wasdevelopedat DeccanCollege, Pune,usingdemi-syllableconcatenatioiBhaskarara@t
al 1994).Indian Statisticallnstitute, Calcuttahasdevelopeda concatenatiomasedBengli
synthesizerand hasput it into applications(Dan et al 1995). On the other hand, at the
Tatalnstituteof FundamentaResearci{TIFR) we have developeda synthesizefor Indian
languagesysingformantsynthesigFurtado& Senl1996).TheCentralElectronicEngineering
Researclnstitute New DelhihasalsodevelopedHindi synthesizerasingthesameechnique
(Agrawal & Sterens1992).

Eachmethodhasits prosandcons.In general,concatenatiorsynthesids better* within
a sggment whereadformantsynthesigs better' acrossthe sggments Without goinginto a
detailedcomparatie study we cansayfrom practicethatfor quality concatenatiosynthesis,
we needbig sggmentinventory—currentlyanunlikely propositiorfor IndianlanguagesAlso,
ageneratie methodis moreflexible for adaptionto differentlanguagesndthatis anadded
incentive in India, a multi-lingual country

3.2 Overviav of TIFRTSS

TIFR TSSis basedentirely on software. It is capableof working virtually on ary platform.
Thereareversionson Unix/Linux andalsoon DOS/Win98. It canbeadaptedo ary standard
multi-mediakit (e.g.'Soundblaster’).The synthesizeworksin ‘real-time’, meaningthatit
is possibleto ‘continuouslyreadout’ from a passagéy multiple-tuffered|l/O. It currently
supportdour voicetypesandvariablespeakingate.

As mentionecearlier the text-to-speecttorversionis donein two stepsi(i) thefront end
textanalyzercorvertstext into aphonemestring, (i) speeclwaveformisthengeneratedrom
this phonemestring. The TSScurrentlycanoptionallywork for Hindi or IndianEnglish,just
by changingthe front-endtext analyzerwhich generateshe phonemesand stressmarkers
correspondindo the given Hindi/Englishtext. The Hindi andIndian Englishtext analyzer
werebuilt in line with Bhaskararaetal (1994)andSen(2000)respectiely.

Thephoneme-to-speedorversionisrealizedn two stages(a) Corversionof thespecified
phonemesto correspondingme-varyingacoustic—phonetigarameterdy mean®f asetof
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Figure2. Text-to-speeclsystemfor thewebreader

contt-dependentules,suitablefor Indianpronunciatiorand(b) corversionof thegenerated
acoustic—phonetiparameterinto correspondingpeechdigital sampleshy a source-filter
speeclproductiormodel A preliminaryversionof thisphoneme-to-speedorversionsystem
was describedby Furtado& Sen(1996). Subsequentlyrules and datawere continuously
improved. A few strat@jieswere alsochangedwhich aredescribedn § 3.4. This stageis
virtually identicalfor Hindi andIindianEnglish.If ary additional(structurallysimilar) Indian
languages to beincorporatednto the TSSin the future,minimal changewill beneededn
the phoneme-to-speedubsystemOnly thetext analyzerappropriatdor the new language
needgo beadded.

Text analyzersandthe two stagesof the phoneme-to-speedatorversionsystemaredis-
cussedn thefollowing sub-sections somedetail.Figure2 shavstheschematiof theentire
synthesizewith Hindi/Indian Englishtext analyzersasalternatves.
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Figure 3. Thepronunciatiorof thenumberl1312345
in aHindi document.
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3.3 Textanalyzer

Input to this stageis Hindi/Englishtext and the outputis a setof phonemesymbolsand
stressmarlkers, indicating pronunciationand accentin eitherHindi or Indian English. The
phonemeepertoireusedis the sameat the momentfor Hindi andIndian English.It isin a
sensa supersebf the phonemesf bothlanguagesyith considerableverlap.This helpsto
pronounceéenglishwordsusedn Hindi text andindiannamesmbeddedh Englishtext. The
stresgnarkerscurrentlyincludefullstop, semi-coloncommajnterrogation,exclamationand
end-of-word symbols.

Hindi andIndian Englishtext analyzersaretwo completelydifferentunits.But theunder
lying methodologyof text processings by andlargethesamefor bothandis beingdescribed
hereafterThe specialaspect®f eacharediscussedwhenappropriate.

The textual messages first passedn to the main parser which sgmentsthe text and
classifieseachsegmentinto oneof thefollowing:

(a) Date, (b) time, (c) curreng, (d) alphanumericgalphabetsand numbersin the same
word), (e) acrorym (singlecharacterpunctuatecy periods),(f) abbreviations(text termi-
natedby a period),(g) specialcharacterge.g.+, -), (h) numbergqdigits andoptionaldecimal
point),and(i) text wordsi.e.,thewordsof thelanguageandnamesProcessinghelastmen-
tionedcatayory is the maintaskof thetext analyzer

After classificationa detecteddate,time or curreng is appropriatelyinterpretedandthe
pronunciatiorgeneratedAn alphanumerior acrorym is pronouncedharacteby character
Pronunciatiorof anabbreviation (e.g.Dr.) is foundfrom ‘Abbreviationtable’. (If no matchis
found, it is treatedasan alphanumeric.Pronunciatiorof eachspecialcharacteis obtained
from ‘Charactertable’. Specialcharacterdor punctuation(e.g.comma,fullstop, question
mark) are utilised to generatgyroperpunctuationor accent.Somespecialcharacterhave
differentpronunciationsn text andmathematicaérvironmentse.g.— ashyphenor minus).
In future,we intendto detectthe ervironmentandgeneratesuchpronunciatioraccordingly

A numberstring is divided into fields, and keywords correspondingo billion, million,
thousanabtc.areinsertedFor example, 1312345s pronounceésOnemillion, threehundred
and twelvethousand three hunded and forty five in Englishandasshawn in figure 3 in
Hindi. Digits afterthedecimalpointarepronouncedaharacteby character

Thecorversionglescribedofararemerelyof aroutinenature Thecoreproblemistoobtain
pronunciatiorof language words, ataskwhichis non-trivial. We arecurrentlyaccomplishing
thetaskin thefollowing steps.

(a) Thewordislookedupin aphonetiadictionary We have preparedHindi phonetiadictio-
naryof about8000wordsandanindianEnglishoneof about3000words.Thevocatulary
of both, particularly of the latter, will be graduallyenhancedThe dictionaryaccesss
doneby indexing and binary searchwhich makesthe look-up quite fasteven on plat-
formswith memoryconstraintssuchasDOS. If thelook-upsucceedghepronunciation
is obtainedfrom the dictionary

(b) If no matchis found,a ‘morphologicalanalysis’is doneto separateariouscomponents
of the word i.e. prefixes, sufixes and roots. The prefixes and sufiixes, however, have
quite differentconnotationgor Hindi andEnglish.It is possibleto have ambiguitiesin
morphologicahnalysiqe.g.cared= caretedor = car+ed). In suchcasesafew ‘strong’
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root alternatvesaregeneratedsperthe letter context andeachof themis searchedor

in the dictionary in an orderdeterminedby someheuristicrules.If a matchis found,
the pronunciationof the root is obtainedfrom the dictionary The pronunciationof the
prefixesandsufiixesarethenmergedwith it, following suitablecontectual modifications.

(c) If thereis nomatchevennow, we selectthe ‘best’ root alternatve andfall backto a setof
‘Letter-to-Phonemetules. Theserulesarequite differentfor Hindi andEnglishandare
quite elaboratefor the latter, asits scriptis not phonetic.Basic (default) pronunciation
of letter(s)are obtainedfrom a ‘symbol table’. In Hindi, eachcharacteiis assigneda
pronunciationwhereaghe symboltable for English containsrelevant letter clustersin
addition.Priorto tablelook-up, contet-dependentulesareappliedon thetext character
string. Thesearefewer andsimplerfor Hindi. But decisionon deletionof ‘Schwa’ (first
letter of the Devanagri script), following a consonantis complicatedIn English,some
importantrulesimplementedofararethe onesregardingspecialpronunciatiorof word-
final ‘e’, word initial X/Z anddoubleconsonantsRulesregarding pronunciationof ‘c’
(ch/sh/k)and‘g’ (j/g) undervariouscontexts arealsoincorporatedClearly, suchrules
cannotbe ‘foolproof’, but merelyselectsmost probable’option.

(d) The pronunciatiorof variousmorphsof the word (obtainedin whichever way) arethen
meiged togetherto form the pronunciationof the whole word. The influencesof pre-
fix/suffix/root on eachothers pronunciatioraretakeninto consideration.

(e) Ultimately, ‘PhonologicalRules’areappliedto the entirephonemestringthusobtained.
Thesetake careof contextual modificationof pronunciationg.g.of Sandhigcompound
words)in Hindi. The setsof phonologicalrules are completelydifferentfor Hindi and
(Indian)English.

An additionalproblemfor anindianEnglishtext processoisto properly'pronounce’ndian
namesmbeddedh anEnglishtext. In fact,thisitself is astrongmotivationfor using‘Indian
English’,ratherthanusingstandardnglishsynthesizersommerciallyavailable.As spelling
conventionsfor standardeEnglishwordsandIndian namesarenotidentical,differentletter
to-phonemeules are neededo generatetheir pronunciation Unfortunately Indian names
cannotedetectedinambiguouslyAlso, noclearcutcornventionto representypical’ Indian
phonemege.g.retroflexed/dentalaspirated/non-aspiratatiopconsonantsasalvowels)in
Romanscriptis followed. To do the bestin the given situation,we have adopteda method
whichgeneratesa ‘score’,dependingnthepositionof thewordin thesentencéfirst or not),
whetherthe word startswith a capital, whetherit is therein the (domainspecific)‘'Name
dictionary’ and which prefixes/sufixes (if ary) were detected.The method,althoughnot
foolproof, works reasonablywell. Currently we are making a statisticalanalysisof letter
clusterspresentin Indian namesand Englishwords. For example,’bh’ or ‘sr’ clustersare
rarein English,whereasous’, ‘tion’ etc.areuncommorin IndiannamesThis, coupledwith
grammaticabalidity checkfor noun,will improve this decisionin future.

Figure4 outlinesthe schemdor thetext processor

3.4 Phoneméo acoustic—phonetiparametercorversion

This module generatesa set of acoustic—phonetiparametersgorrespondingo the input
phonemestring,for every smalltime interval (currently 5ms)of speechTheparameterare
of two types:(a) fixed,which decideghevoicetype,and(b) variable which correspondso
the change®f phoneticcontexts duringspeech.

Thevariableparametersisedare:(a) amplitudeof voicing for vocalsounds(b) three'for-
mant’(resonancedyequencies(c) thecorrespondingpandwidths(d) amplitudeof ‘frication’,
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for noise-like sounds{e) five amplitudedfor variousbandsof enegy in the noisespectrum,
(f) amplitudeof ‘aspiration’, for h-type of sounds,(g) spectraltilt and ‘open quotient’ of
voicing, to shapehe spectrumand(h) pitch.

Acousticmanifestation®f variousphonemegin termsof the above parametersarenot
fixedandaregreatlyinfluencedby the context. Separatesetsof rules,usuallycorresponding
totheimmediatediphonecontets, weretherebyformulatedto generateachparametetrack.
To avoid ‘combinatorialexplosion’, phonemesregroupednto differentclassesaccording
to the placesof articulation(e.g.vowel, stopconsonanthasal).Rulesareselectedasperthe
two adjacenphonemeclassege.g.silence-to-owel, nasal-to-stop)but they operateon the
phonemealataof individual elements.

The rules are encapsulatedn a very compactand flexible organisationof a three-
dimensionalinterpolationtable’. Eachentry correspondso the currentphonemeclass the
next phonemeclassandthe parametetype. Eachentry specifiesan ‘interpolationtype’ (i.e.
themanneiin whichthe parameteshouldbevaried)in thegivensituationandtheparameter
trackis computedaccordingo theinterpolationtypeselectediFor example theinterpolation
maybe‘linear’ (wherethe changes gradual)or abrupt,like a sudderjump andthenaslov
glide. New interpolationtypesareintroducedandthe old onesmodifiedasperthe resultsof
our acoustic—phonetistudies.

Formantfrequeng is singularlythe mostimportantparametetype for speeclperception
andsynthesisSpecialcareis thereforeneededo generatéformant’ tracks.Till recently we
employedthefollowing ‘Modified locusequation’of Klatt (1987)to generatéormanttracks:

F0=Fl+k(Fv_Fl)7

whereF, is the formantfrequeng at onset/ofset of the vowel and F, is the steadyvowel
formantfrequeng. F; (called‘locus frequeng’) andk areconstantswhich aredetermined
experimentallyandaretatulatedfor eachformantof eachconsonant.

However, as storageis not a problemin moderncomputers.currently we are shifting
towardsstoringall the relevant setsof formanttracksandthenfinding the desiredvalue by
tableinterpolation.

Themainstepsakenfor phoneme-to-parameteorversionare:

(1) Thephonemestringis parsedandeachphonemeddentified.Silenceis appendedt both
ends . Each‘geminate’is replacedy a singlephonemewith increasediuration.

(2) Entiredurationis dividedinto a setof ‘steady-statesegmentsand‘transition’ segments.
Intrinsic durationof eachsegmentis obtainedby tablelook-up andis thenmodifiedas
perthe adjacenphonemecontexts.

However, in orderto captureghedynamicsof speeclbetter wearecurrentlymoving away
from the concepiof ‘steady-state’ln thenew schemea phonemes composeaf oneor
moresegmentsandtransitionsare‘superimposedbn eachsegment.

(3) For agiven parameteanda given phonemethe transitionsegmentis first interpolated
andthenthe steadystateis interpolated Correspondingnterpolationtypesareobtained
from theappropriatdables.

(4) Step3isrepeatedor all variableparameter$or agivenphoneme.

(5) Steps3 and4 arerepeatedor eachphoneme.

(6) Ultimately, the pitch contouris superimposedn the utterance.

ThesynthesisulesemployedarecompletelyIndian’ andall typical Indianspeectsounds
(e.g.retroflexed and dentalstop consonant®r nasalizedvowels) are covered. With slight
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modificationof this module (andin conjunctionwith a suitablefront-endtext analyzer),
syntheticspeecttanbe generatedn mostindianlanguagesindalsoin IndianEnglish.This
assumespecialsignificancean the context of accessingvebinformationin themulti-lingual
ernvironmentwe ervisage.

3.5 Parameterto (digitized)speeb synthesis

Thisis implementedy aslightly modifiedversionof a standardource-filterspeectproduc-
tionmodel(Allen etal 1987;Klatt 1980).Thevocaltractis modelledasanumberof bandpass
filters, with the ‘formant’ frequenciesstheir meanfrequenciesThe sourceof excitationto
suchfilters is eithera train of quasi-periodigulses(for voicedsounddik e vowels) or ran-
domnoise(for noisysounddike ‘s’ or theburstof astopconsonant)For sounddik e ‘voiced
consonants{e.g.'b’), boththesesourcesaresimultaneoushactivated.

Thefilters areconfiguredin cascadeo generateeriodicvoicedsoundsandin parallelto
generatenoisespectrumAs aspiratiomoiseis generatednsidetheglottis, it is modelledby
passingandomnoisethroughcascaddilters.

The equation®f digital resonatorsiregiven by,

y(nT) = Ax(nT) + By(nT —T) + Cy(nT — 2T)

wherey(nT), y(nT — T) andy(nT — 2T) arethe currentandtwo previousoutputsamples
andx (nT) is the currentinput sample Theresonatoco-eficientsA, B, C aregivenby:

C = —exp(—27 B,)T,
B =2exp(—nB,T)cod2x FT), and
A=1-B-C,

whereF is theparticularresonancéformant)frequeng, B,, is thecorrespondindgpandwidth
andT is 1/(samplingrate).Currently a samplingrateof 16,000Hz is used.

Thenasalowelsandconsonantareimplementedy apole-zergair. Theirfrequenciesire
maintainechearlythe samefor non-nasalizedoundsandarekeptsuitablyapartto generate
theeffect of nasalisationTheanti-resonatoequationaregivenby,

y(nT) = A'x(nT) + B'x(nT —T) + C'x(nT — 2T),

wherex(nT), x(nT —T) andx(nT — 2T') arethecurrentandthetwo previousinputsamples.
Anti-resonatorco-eficientsA’, B’, C’ aregivenby

A'=1/A,B'=-B/A and C =-C/A.

Thefrequeng of the voicing sourcecorrespondso the given pitch frequeng. The shapeof
thesourcepulseisimportantfor the“naturalness6f syntheticspeechTo generate’'natural’
sourcewe usethe standardvaveformequation,

U, (t) = at® — bt®

wherea, b areconstantsgdeterminedxperimentally
Currently we areconductingsomeexperimentdor bettersourcemodellingandtheresults
have beenappliedsuccessfulljor generatin@differentvoicetype.This,in turn,wasapplied
to thewebreader with differentvoicesappliedfor readingdifferenttypesof messages.
Theothervariableparameterscludespectralilt andopenquotientwhicharenotimpor-
tantfor intelligibility , but contributesto thequality and“naturalnessf thesyntheticspeech.



122 AniruddhaSenandK Samudavijaya
4. HTML document processor

The function of the HTML documentprocessois to retrieve the specifiedhypertext docu-
mentfrom the internetandgenerateaextual outputsuitablefor feedingthe TSS.It consists
of an HTML retrieval utility, a public domainSGML parser and a text parserdeveloped
for web readerapplication.A Unix utility (‘wget’) or, optionally, a java scriptis usedto
downloadthe HTML documentspecifiedby the user An SGML parser'NSGMLS’ (see
http://www jclark.com/sp/nsgmils.htrfor details)validatesan SGML documentand prints
a simpletext representationf its ElementStructurelnformation Set. A ‘perl’ basedtext
parserextractsrelevantinformationfrom the detailedoutputof NSGMLS. The text parser
detectsspecialtexts such as titles, text in specialfont types such as bold or italic etc.
As the TSS s capableof generatingmultiple voice types (male/female Jow/high pitch),
the systemcorveys such non-textual information to the uservia specializedvoice types
while readingthesespecialtypesof textual information. The text parsercan detectsome
redundantinformation (like duplicate specificationof email address)n the HTML doc-
umentand discardit. Wheneer a uniform resourcelocator (URL) is encounteredvithin
the documentthe parserconstructsa structurecomprisingthe locationof the URL link in
the documentand the URL addresslt alsoraisesa control flag at that point in the doc-
ument.Suchcontrol flags are subsequentlysedby the web readerto provide web navi-
gation facilities to the userasdescribedn the next section.HTML documentsometimes
containe-mail addressesThe constituentsof e-mail addresseare composedf alphanu-
meric charactersand are not, in general,regular words of the language Hencethe text
correspondingo e-mail addressesiasto be processedn a specialmannerfor broadcast
in audiomode.So, whena link to an e-mail addresds encounteredthe parserprocesses
the e-mail addressnto separatdcharacterunits so that the e-mail addrescanbe spelled
out by the TSS. The text parserignoreslinks to hypermediadocumentsother than text
andaudio (suchasimages,video, frameinformation, postscriptfile) so thatthe web con-
tentscanbedeliveredin audio-onlyoutputmode.Thetext betweersuccessie URL links is
passedn in chunksof aline or a paragraptby the text parserto the TSSfor synthesisof
speech.

5. Web reader system implementation

Thewebreaderis theresultof integrationof HTML documeniprocessoandTSSwith the
audio output module of the computer and wrappingit up with control structurefor web
navigation. A flow chartof the human—computeinteractionin a web readeris shovn in
figure>s.

The outputof the HTML documentprocessois thetext to bereadout to the useralong
with controlinformation,if ary. If theoutputis nota URL, thetext is simply passedo TSS
for generatinghe speectsignalof appropriatesoicetype. The normaltext is readout with a
defaultvoicetype.Alternatesynthesizedoicetypeis usedoindicatetitle oremphasizetext.
Thisis afirst stepin thedirectionof indicatingthetypeof informationbeingcornveyedto the
userin audiomode.If theoutputof thedocumenprocessois ahyperlink, theuseris offered
a choiceeitherto follow thelink or continuelisteningto the restof the currentdocument.
At this stage,the useralso hasthe option of returningto the documentpreviously visited
(equivalentto the backbuttonin a browser). The systemwaits for 3 secondgor the users
responself the userdoesnot exercisehis option within 3 secondsthe systemfollows the
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Figure5. A flow chartof interactionof webreademith user

defaultpath,i.e.continuego readthecurrentdocumentOntheotherhand,if theuserchooses
to follow the HTTP link, the readingof the currentdocuments suspendedanda daughter
processs spavned.Thedaughteprocessnvokesa new instanceof thewebreademwith the
addresf the HTTP link. Whenthe browsing of this (new) documenis over, the daughter
processterminates,and the control is returnedto the parentprocess.The parentprocess
resumesghereadingof the currentdocumentln this mannerthe usercannavigatethrough
inter-linked hyper text documentsin addition, wheneer an email addresss encountered
in adocumentthe webreaderoffers the usera choiceof listeningto the email addresgin
spellingmode).

The processof web navigation within the web readerinvolvesinput from the user The
inputis the selectionof oneof the 3 alternatves. The usercanchoose(1) to follow a hyper
link, (2) to continuebrowsingthe currentdocumentpr (3) to returnto browsethe previously
visited web documentIn caseof alink to an e-mail addressthe alternatve option (1) is
to readthe e-mail addressThe users selectioncan be fed to the systemeitherthrougha
keyboardor, optionally in voicemode,providedthe systemis equippedwith a microphone.
In theformermode theusertypesin theappropriatedigit to indicatehis choice.In thelatter
mode theuserspeakgheappropriat&keyword, anda speectrecognitionmodulerecognizes
the spolen word, and passeson the choiceto the control unit of the web reader A few
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isolatedword speechrecognitionsystemsn Indianlanguage$ave alreadybeendeveloped
andreported(Samudraijaya et al 1998; Raoet al 1996). The speechrecognitionmodule
usedwith thewebreademseshiddenMarkov model(Rabinerl989)to recognizethe users
spolencommands.

An isolatedword speechrecognitionsystemjmplementedisinghiddenMarkov models,
wasintegratedwith thewebreaderThisempaverstheuserto navigatethroughwebpageby
exercisinghis option,in voice mode,whene&er a hyperlink is encounteredThe vocalulary
consistsof 4 words: (a) go back, (b) continue,(c) follow link, and (d) reade-mail. At ary
giventime, the active vocahulary consistsof 3 words. Thewords“go back” and“continue”
arealwaysactive. Theword “follow link” is active whene&er a hyperlink to anotherHTML
pageis encounteredSimilarly, theword “read e-mail” is active when&er ane-mailaddress
is encountereéhsideanHTML documentThe usercanspeakthe appropriatevord within
the active vocalulary to selectthe courseof action.

In the currentimplementation,a 10 state left-to-right hidden Markov model (HMM)
has been emplo/ed. During the training phase,a HMM was trained for every word
using multiple repetitionsof the word by 20 spealers. The public domainHTK software
(http://htk.eng.cam.ac.uk/indsshtml) wasusedfor training andtestingthe models.When-
ever a hyperlink is encounterediuring web browsing using the web reader the useris
promptedin voice mode)to exercisehis option. Thespolkenwordis matchedvith modelof
eachof the 3 active words.Action is takencorrespondingo theword whosemodelmatched
thespolenword best.

6. Indian language display

Therearesereralfreepackage$or X11 andMS-Window platformswhich canbeutilisedfor
displayingandprinting text in Indianlanguagescripts.We list afew of themhere.

(a) Devanagri text canbeinsertedwithin alatex file usingdevnag software,availableat,
(ftp://ftp.tex.ac.uk/te-archive/language/danagri/distrib/).

(b) Forthesamepurposejtranscanalsobeused.lt is availableat:
(http://lwww.aczone.com/itrans).

Both devnag anditransusesimpletransliterationschemeo represenDevanagri char
actersn Romanscript.

(c) TheGISTtechnologyfrom CDAC facilitatesinteractve webapplicationdevelopmenin
Indianlanguagedt followsthelSCII codeto represenindianlanguages native scripts.
This canbe obtainedfrom:

(http://lwww.cdac.og.in/html/gist/gistidx.htm).

ThelSCII codealsoformsthe basisof representingndianlanguagescriptsin unicode—
theuniversalbinarycodeto representhescriptsof all thelanguagesf theworld. Its web
addresss:

(http://lwww.unicode.og).

(d) An ISCII plugin hasbeendevelopedby IIIT, Hyderabadvhich enablesa userto display
anHTML pagecodedn ISCII format,in any of thebrahmi-denedscriptsin ary font of
theusers choice.The plugin alsoenablesa web searchn IndianlanguagesThe plugin
hasbeentestedonwindows aswell asUnix operatingsystemsandwith InternetExplorer
andNetscapérowsers.The plugin canbe downloadedrom
http://wwwiiit.net/ambalisciiplugin/inde<.html.
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4 * Netscape: ﬁweh page in Devanagm o
Flle  Edit View Go' Communicator .

ol s .a«i@ @»::ﬁ'ﬁ

1l Relnad __ Home Search Netscapa _ Prnt  Security

tgﬂ' What's R Heiam:

quﬁ‘e‘giﬂ‘ﬁﬂuﬁw[ﬂl E’I’l"ﬂ'

The above Hindi phrase is generated by the devnag software.
The corresponding coded message in Roman script is as follows:

"satAbdI eksapres iMdor se cAr baje ravAnA hogl

Figure6. An illustrationof Indianlanguagalisplayon internet.

Figure 6 illustratesthe display of a Hindi web pageusing one such package(devnag
software).Devnag represents$lindi charactersisingRomanscript. Figure 6 shavs a Hindi
sentencén Devanagri scriptaswell asthe correspondingepresentatiofin Romanscript)
by the Devnagsoftware.This codein Romanscriptcanbefedto thetext analyzeto generate
thesequencef phonemesndthenceto synthesizespeech.

Irrespectve of which of theabove packagess usedfor scriptdisplay thetext analyzercan
convertthetext to appropriatgphonemesequencegslongasthereis aone-to-oneorrespon-
dencebetweerthe codeandthe underlyingnative script.

7. Conclusions

In this paper we have presentednitial efforts for utilizing spolenlanguageasa meansof
communicatingvebinformationto commonindianpeople Thepreliminarygoalof integrat-
ing all thediverseelementsnto onesystemhasbeenachiezed.But thisis justthe beginning
andthereis alongway to go.

As for theindividual elementstheweb parseiis beingimproved uponfor betterdetection
andclassificationof textual information. The web parsemeedsto be augmentedo handle
framedn webpagesTheintelligibility oftheTSSisgood,i.e.,themessagespolenareunder
stoodreasonablyvell. But the“naturalness’df thesyntheticspeecneedso beimproved. It
is thereforesuitablefor deliveringonly onesmall sggmentof messagatatime. Thequality
and“naturalness’arebeingcontinuouslyimprovedup on by researclin areasuchassource
modellingandprosody andtheresultsarebeingappliedto the system.

Anotherissuewhichcallsfor seriousattentionis structuringandformattingof audiooutput.
Ideal ways of presentingstoredinformationin audioandvideo modesare not necessarily
identical.Hence thereis a needto designanddevelop specialuserinterfacesfor delivering
webinformationby speech.
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Integratingan Indian languagespeectrecognitionsystemwith the web readeris another
task which hasbeenundertalen. Currently it is being usedto offer userssomesimple
choices.The menuscan be expandedto ultimately offer usersa keyboard-freealternatve.
Thatwill help especiallythe blind andthe semi-literate andwill openup possibilitiesfor
telephonicacces®f information.

We thank Prof. R K Shyamasundafor encouragemerand commentsWe alsothankthe
Ministry of InformationTechnology Governmentof India, for supportingthework reported
here.
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