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Abstract. Incorporationof speechandIndian scriptscangreatlyenhancethe
accessibilityof web informationamongcommonpeople.This paperdescribesa
‘web reader’which ‘readsout’ the textual contentsof a selectedweb pagein
Hindi or in Englishwith Indianaccent.Thecontentof thepageis downloadedand
parsedinto suitabletextual form. It is thenpassedonto anindigenouslydeveloped
text-to-speechsystemfor Hindi/Indian English, to generatespoken output.The
text-to-speechconversionis performedin threestages:text analysis,to establish
pronunciation,phonemeto acoustic–phoneticparameterconversionand, lastly,
parameter-to-speechconversionthrougha productionmodel.Different typesof
voicesareusedto readspecialmessages.The web readerdetectsthe hypertext
links in thewebpagesandgivestheusertheoptionto follow thelink or continue
perusingthecurrentwebpage.Theusercanexercisetheoptioneitherthrougha
keyboardor via spokencommands.Futureplansincluderefining thewebparser,
improvementof naturalnessof syntheticspeechandimproving the robustnessof
thespeechrecognitionsystem.

Keywords. Webreader;text to speech;speechsynthesis;speechrecognition;
Indianaccent;humancomputerinteraction.

1. Introduction

In thisinformationage,storageandretrievalof informationin aconvenientmannerhasgained
importance.Becauseof thenear-universaladoptionof theWorld WideWebasarepositoryof
informationfor unconstrainedandwidedissemination,informationis now broadlyavailable
over theinternetandis accessiblefrom remotesites.

However, theinteractionbetweenthecomputerandtheuseris largelythroughkeyboardand
screen-orientedsystems.In thecurrentIndiancontext, this restrictstheusageto aminuscule
fractionof thepopulation,whoarebothcomputer-literateandconversantwith writtenEnglish.

In orderto enablea wider proportionof thepopulationto benefitfrom theinternet,there
is needto providesomeadditionalinterfacewith themachine.Speech,beinganaturalmode
of communicationamonghumanbeings,canalsobeaconvenientmodeof interactionwith a
computer. Internationally, effortsarealreadyonto combinehypertext navigationwith spoken
language(Lauetal 1997).Thiscanbeof particularsignificancein ourcountrywheretherate
andlevel of literacy arequitelow. Coupledinnovatively with visuals,speechandsoundcan
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adda new dimensionfor conveying informationto the ‘common’ man.Audio information
canalsobebroadcast(e.g.atcommunitycentres)or madeavailableondemandby telephone,
therebygreatlyexpandingtherangeof end-users.

It is desirablethat the human-machineinterfacepermitscommunicationin one’s native
language.This is animportantissuein a multi-lingual countrysuchasIndia. If thehuman-
orientedinformationover theinternetcanbecodedin a form suitablefor displayin a script
familiarto theuserandalsofor readingoutin anacceptablelanguageandaccent,thecomputer
canprocesssuchhypermediadocumentandprovide theinformationappropriatelyto a large
numberof users.

Thispaperdescribesawebreaderwhichcan‘readout’ appropriatelycodedHTML pages
in Indianlanguagesandaccents.To startwith, Hindi and‘Indian English’havebeenchosen.
Choiceof Hindi in Indiaisautomatic.English,however, is thepre-dominantinternetlanguage
andwill continuetobesoatleastin thenearfuture.Thewebreadertherebycatersfor English
also,but readsthemoutin anaccentwhichis considerablymoreacceptablethanthestandard
Englishaccentto anaverageIndian.

2. Overview of the web reader

Thefunctionof thewebreaderis todownloadtheuser-specifiedhypermediadocument,parse
thedocumentto extract textual information,feedthetext to a text-to-speechsystem(TSS),
andplaythesynthesizedspeechunderusercontrol.Figure1showsafunctionaldiagramof the
webreader. Its corecomponentsareanHTML documentprocessorandaTSS.A javascript
downloadsthewebpagespecifiedby theuser. This documentis processedby thestandard
generalizedmarkuplanguage(SGML) parserwhich validatesthedocumentandprovidesa
text representationof theelementsof thedocument.Thisoutputis furtherprocessedby atext
parserto extractinformationwhichcanbefedto theTSS.Thetext processormoduleof TSS
generatesa sequenceof phonemesandstressmarkers,which is fed to thespeechsynthesis
module.Theresultantspeechsignalis playedout on a speaker or a headphone.Whenever a
hypertext link is encounteredin thedocument,thewebreaderreadsout thetitle of thelink.
Thenthe usercanselectoneof the several optionsfor navigating throughthe HTML tree
eitherusinga keyboardor via spoken commands.The default behaviour of the browseris
to wait for a pre-determinedperiodof time andthencontinuewith readingout the current
document.For readingout Hindi, the text mustbe availablein the web page,in a suitably
codedform for displayin theDevanagari script.Subsequentprocessingis similar to Indian
English,exceptthat theDevanagari script,codedin Romanalphabet,hasto be interpreted.
Section6. givessomeinformationaboutdisplay/printoutin Indianlanguages.

Detailsof theTSSandtheHTML documentprocessoraregivenin thefollowing sections.
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Figure 1. A blockdiagramof thewebreader.
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3. Text-to-speech system

3.1 Background

Text-to-speech(TSS)conversionhasto beperformedin two steps:(a) text to phonemecon-
versionand(b) phonemeto speechconversion.In thesecondstep,wefacethe‘core’ problem
of speechsynthesis,viz. thatacousticmanifestationsof phonemesarecontext dependentand
transitionsbetweenphonemescarry vital perceptualcues.Synthesisof continuousspeech
thereforecannotbedonejustby ‘cut-and-paste’of individualwords/phonemes.

Two parallelapproachesto overcomethisproblemareasbelow.

(a) Concatenationmethodusescut-and-paste,but largersplicesof naturalspeech,e.g.syl-
lables,diphonesareselectedasunits,sothat immediatecontextual effectsarecaptured.
Also, thesplicesareto beconcatenatedat ‘steady-state’of speech.

(b) In theGenerativemethod,speechisgeneratedfromsomekindof speechproductionmodel
andthe control parametersof the modelarevariedusuallyby context-dependentrules.
‘Formant’ synthesizeris a very widely usedgenerative synthesizerwhich usesa speech
productionmodelbasedon ‘formant’ (i.e. resonance)frequencies.

In Indian languagesynthesis,both methodswereusedwith success.A Hindi/Urdu TSS
wasdevelopedat DeccanCollege,Pune,usingdemi-syllableconcatenation(Bhaskararaoet
al 1994).IndianStatisticalInstitute,Calcuttahasdevelopeda concatenationbasedBengali
synthesizerand hasput it into applications(Dan et al 1995). On the other hand,at the
TataInstituteof FundamentalResearch(TIFR) we have developeda synthesizerfor Indian
languages,usingformantsynthesis(Furtado& Sen1996).TheCentralElectronicEngineering
ResearchInstitute,New DelhihasalsodevelopedHindi synthesizersusingthesametechnique
(Agrawal & Stevens1992).

Eachmethodhasits prosandcons.In general,concatenationsynthesisis better‘within
a segment’ whereasformantsynthesisis better‘acrossthesegments’. Without going into a
detailedcomparativestudy, wecansayfrom practicethatfor qualityconcatenationsynthesis,
weneedbigsegmentinventory–currentlyanunlikelypropositionfor Indianlanguages.Also,
agenerativemethodis moreflexible for adaptionto differentlanguagesandthatis anadded
incentive in India,amulti-lingual country.

3.2 Overview of TIFR TSS

TIFR TSSis basedentirelyon software.It is capableof working virtually on any platform.
ThereareversionsonUnix/Linux andalsoonDOS/Win98.It canbeadaptedto any standard
multi-mediakit (e.g.‘Soundblaster’).Thesynthesizerworks in ‘real-time’, meaningthat it
is possibleto ‘continuouslyreadout’ from a passageby multiple-bufferedI/O. It currently
supportsfour voicetypesandvariablespeakingrate.

As mentionedearlier, thetext-to-speechconversionis donein two steps:(i) thefront end
textanalyzerconvertstext intoaphonemestring,(ii) speechwaveformis thengeneratedfrom
thisphonemestring.TheTSScurrentlycanoptionallywork for Hindi or IndianEnglish,just
by changingthe front-endtext analyzerwhich generatesthe phonemesandstressmarkers
correspondingto the given Hindi/Englishtext. The Hindi andIndian Englishtext analyzer
werebuilt in line with Bhaskararaoetal (1994)andSen(2000)respectively.

Thephoneme-to-speechconversionisrealizedin twostages:(a)Conversionof thespecified
phonemesintocorrespondingtime-varyingacoustic–phoneticparameters,bymeansof asetof
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Figure 2. Text-to-speechsystemfor thewebreader.

context-dependentrules,suitablefor Indianpronunciationand(b)conversionof thegenerated
acoustic–phoneticparametersinto correspondingspeech(digital samples)by a source-filter
speechproductionmodel.A preliminaryversionof thisphoneme-to-speechconversionsystem
wasdescribedby Furtado& Sen(1996).Subsequently, rulesanddatawerecontinuously
improved.A few strategieswerealsochanged,which aredescribedin § 3.4. This stageis
virtually identicalfor Hindi andIndianEnglish.If any additional(structurallysimilar) Indian
languageis to beincorporatedinto theTSSin thefuture,minimalchangeswill beneededin
thephoneme-to-speechsubsystem.Only thetext analyzerappropriatefor thenew language
needsto beadded.

Text analyzersandthe two stagesof the phoneme-to-speechconversionsystemaredis-
cussedin thefollowingsub-sectionsin somedetail.Figure2showstheschematicof theentire
synthesizerwith Hindi/IndianEnglishtext analyzersasalternatives.
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Figure 3. Thepronunciationof thenumber1312345
in aHindi document.

3.3 Text analyzer

Input to this stageis Hindi/English text and the output is a set of phonemesymbolsand
stressmarkers,indicatingpronunciationandaccentin eitherHindi or Indian English.The
phonemerepertoireusedis thesameat themomentfor Hindi andIndianEnglish.It is in a
senseasupersetof thephonemesof bothlanguages,with considerableoverlap.Thishelpsto
pronounceEnglishwordsusedin Hindi text andIndiannamesembeddedin Englishtext. The
stressmarkerscurrentlyincludefullstop,semi-colon,comma,interrogation,exclamationand
end-of-wordsymbols.

Hindi andIndianEnglishtext analyzersaretwo completelydifferentunits.But theunder-
lying methodologyof text processingis by andlargethesamefor bothandis beingdescribed
hereafter. Thespecialaspectsof eacharediscussed,whenappropriate.

The textual messageis first passedon to the main parser, which segmentsthe text and
classifieseachsegmentinto oneof thefollowing:

(a) Date,(b) time, (c) currency, (d) alphanumerics(alphabetsandnumbersin the same
word), (e) acronym (singlecharacterspunctuatedby periods),(f) abbreviations(text termi-
natedby aperiod),(g) specialcharacters(e.g.+, -), (h) numbers(digitsandoptionaldecimal
point),and(i) text wordsi.e., thewordsof thelanguageandnames.Processingthelastmen-
tionedcategory is themaintaskof thetext analyzer.

After classification,a detecteddate,time or currency is appropriatelyinterpretedandthe
pronunciationgenerated.An alphanumericor acronym is pronouncedcharacterby character.
Pronunciationof anabbreviation(e.g.Dr.) is foundfrom ‘Abbreviationtable’.(If nomatchis
found,it is treatedasanalphanumeric.)Pronunciationof eachspecialcharacteris obtained
from ‘Charactertable’. Specialcharactersfor punctuation(e.g.comma,fullstop, question
mark) areutilised to generateproperpunctuationor accent.Somespecialcharactershave
differentpronunciationsin text andmathematicalenvironments(e.g.– ashyphenor minus).
In future,we intendto detecttheenvironmentandgeneratesuchpronunciationaccordingly.

A numberstring is divided into fields, andkeywordscorrespondingto billion, million,
thousandetc.areinserted.Forexample,1312345ispronouncedasOnemillion, threehundred
and twelvethousand,threehundred and forty five in Englishandasshown in figure 3 in
Hindi. Digits afterthedecimalpointarepronouncedcharacterby character.

Theconversionsdescribedsofararemerelyof aroutinenature.Thecoreproblemistoobtain
pronunciationof languagewords, ataskwhichis non-trivial. Wearecurrentlyaccomplishing
thetaskin thefollowing steps.

(a) Thewordis lookedupin aphoneticdictionary. WehavepreparedaHindi phoneticdictio-
naryof about8000wordsandanIndianEnglishoneof about3000words.Thevocabulary
of both, particularlyof the latter, will be graduallyenhanced.The dictionaryaccessis
doneby indexing andbinary search,which makesthe look-up quite fasteven on plat-
formswith memoryconstraints,suchasDOS.If thelook-upsucceeds,thepronunciation
is obtainedfrom thedictionary.

(b) If no matchis found,a ‘morphologicalanalysis’is doneto separatevariouscomponents
of the word i.e. prefixes,suffixes and roots.The prefixes and suffixes,however, have
quitedifferentconnotationsfor Hindi andEnglish.It is possibleto have ambiguitiesin
morphologicalanalysis(e.g.cared= care+edor = car+ed). In suchcases,afew ‘strong’
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root alternativesaregeneratedasper the lettercontext andeachof themis searchedfor
in the dictionary, in an orderdeterminedby someheuristicrules.If a matchis found,
the pronunciationof the root is obtainedfrom the dictionary. The pronunciationof the
prefixesandsuffixesarethenmergedwith it, following suitablecontextualmodifications.

(c) If thereis nomatchevennow, weselectthe‘best’ rootalternativeandfall backto asetof
‘Letter-to-Phoneme’rules.Theserulesarequitedifferentfor Hindi andEnglishandare
quite elaboratefor the latter, asits script is not phonetic.Basic(default) pronunciation
of letter(s)are obtainedfrom a ‘symbol table’. In Hindi, eachcharacteris assigneda
pronunciationwhereasthe symbol table for Englishcontainsrelevant letter clustersin
addition.Prior to tablelook-up,context-dependentrulesareappliedon thetext character
string.Thesearefewer andsimplerfor Hindi. But decisionon deletionof ‘Schwa’ (first
letterof theDevanagari script),following a consonant,is complicated.In English,some
importantrulesimplementedsofararetheonesregardingspecialpronunciationof word-
final ‘e’, word initial X/Z anddoubleconsonants.Rulesregardingpronunciationof ‘c’
(ch/sh/k)and‘g’ (j/g) undervariouscontexts arealsoincorporated.Clearly, suchrules
cannotbe‘foolproof’, but merelyselects‘mostprobable’option.

(d) Thepronunciationof variousmorphsof theword (obtainedin whichever way) arethen
merged togetherto form the pronunciationof the whole word. The influencesof pre-
fix/suffix/root oneachother’s pronunciationaretakeninto consideration.

(e) Ultimately, ‘PhonologicalRules’areappliedto theentirephonemestringthusobtained.
Thesetake careof contextual modificationof pronunciation,e.g.of Sandhis(compound
words) in Hindi. The setsof phonologicalrulesarecompletelydifferentfor Hindi and
(Indian)English.

An additionalproblemfor anIndianEnglishtext processoristoproperly‘pronounce’Indian
namesembeddedin anEnglishtext. In fact,this itself is astrongmotivationfor using‘Indian
English’,ratherthanusingstandardEnglishsynthesizerscommerciallyavailable.As spelling
conventionsfor standardEnglishwordsandIndiannamesarenot identical,differentletter-
to-phonemerulesareneededto generatetheir pronunciation.Unfortunately, Indian names
cannotbedetectedunambiguously. Also,noclear-cutconventionto represent‘typical’ Indian
phonemes(e.g.retroflexed/dental,aspirated/non-aspiratedstopconsonants,nasalvowels)in
Romanscript is followed.To do thebestin thegivensituation,we have adopteda method
whichgeneratesa‘score’,dependingonthepositionof thewordin thesentence(first or not),
whetherthe word startswith a capital,whetherit is therein the (domainspecific)‘Name
dictionary’ and which prefixes/suffixes (if any) were detected.The method,althoughnot
foolproof, works reasonablywell. Currently, we aremakinga statisticalanalysisof letter
clusterspresentin Indian namesandEnglishwords.For example,‘bh’ or ‘sr’ clustersare
rarein English,whereas‘ous’, ‘tion’ etc.areuncommonin Indiannames.This,coupledwith
grammaticalvalidity checkfor noun,will improve thisdecisionin future.

Figure4 outlinestheschemefor thetext processor.

3.4 Phonemeto acoustic–phoneticparameterconversion

This modulegeneratesa set of acoustic–phoneticparameters,correspondingto the input
phonemestring,for everysmalltime interval (currently, 5ms)of speech.Theparametersare
of two types:(a) fixed,which decidesthevoicetype,and(b) variable,which correspondsto
thechangesof phoneticcontexts duringspeech.

Thevariableparametersusedare:(a)amplitudeof voicingfor vocalsounds,(b) three‘for-
mant’(resonance)frequencies,(c) thecorrespondingbandwidths,(d)amplitudeof ‘frication’,
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for noise-like sounds,(e) five amplitudesfor variousbandsof energy in thenoisespectrum,
(f) amplitudeof ‘aspiration’, for h-typeof sounds,(g) spectraltilt and ‘open quotient’ of
voicing, to shapethespectrum,and(h) pitch.

Acousticmanifestationsof variousphonemes(in termsof theabove parameters)arenot
fixedandaregreatlyinfluencedby thecontext. Separatesetsof rules,usuallycorresponding
to theimmediatediphonecontexts,weretherebyformulatedtogenerateeachparametertrack.
To avoid ‘combinatorialexplosion’,phonemesaregroupedinto differentclasses,according
to theplacesof articulation(e.g.vowel, stopconsonant,nasal).Rulesareselectedasperthe
two adjacentphonemeclasses(e.g.silence-to-vowel, nasal-to-stop),but they operateon the
phonemedataof individualelements.

The rules are encapsulatedin a very compactand flexible organisationof a three-
dimensional‘interpolationtable’.Eachentrycorrespondsto thecurrentphonemeclass,the
next phonemeclassandtheparametertype.Eachentryspecifiesan‘interpolationtype’ (i.e.
themannerin whichtheparametershouldbevaried)in thegivensituationandtheparameter
trackis computedaccordingto theinterpolationtypeselected.For example,theinterpolation
maybe‘linear’ (wherethechangeis gradual)or abrupt,like a suddenjump andthena slow
glide.New interpolationtypesareintroducedandtheold onesmodifiedaspertheresultsof
ouracoustic–phoneticstudies.

Formantfrequency is singularlythemostimportantparametertypefor speechperception
andsynthesis.Specialcareis thereforeneededto generate‘formant’ tracks.Till recently, we
employedthefollowing ‘Modified locusequation’of Klatt (1987)togenerateformanttracks:

Fo = Fl + k(Fv − Fl),

whereFo is the formantfrequency at onset/offset of the vowel andFv is the steadyvowel
formantfrequency. Fl (called‘locus frequency’) andk areconstantswhich aredetermined
experimentallyandaretabulatedfor eachformantof eachconsonant.

However, as storageis not a problemin moderncomputers,currently we are shifting
towardsstoringall therelevantsetsof formanttracksandthenfinding thedesiredvalueby
tableinterpolation.

Themainstepstakenfor phoneme-to-parameterconversionare:

(1) Thephonemestring is parsedandeachphonemeidentified.Silenceis appendedat both
ends.Each‘geminate’is replacedby asinglephonemewith increasedduration.

(2) Entiredurationis dividedinto asetof ‘steady-state’segmentsand‘transition’ segments.
Intrinsic durationof eachsegmentis obtainedby tablelook-upandis thenmodifiedas
pertheadjacentphonemecontexts.
However, in ordertocapturethedynamicsof speechbetter, wearecurrentlymovingaway
from theconceptof ‘steady-state’.In thenew scheme,aphonemeis composedof oneor
moresegmentsandtransitionsare‘superimposed’oneachsegment.

(3) For a given parameteranda given phoneme,the transitionsegmentis first interpolated
andthenthesteadystateis interpolated.Correspondinginterpolationtypesareobtained
from theappropriatetables.

(4) Step3 is repeatedfor all variableparametersfor agivenphoneme.
(5) Steps3 and4 arerepeatedfor eachphoneme.
(6) Ultimately, thepitchcontouris superimposedon theutterance.

Thesynthesisrulesemployedarecompletely‘Indian’ andall typical Indianspeechsounds
(e.g. retroflexed anddentalstopconsonantsor nasalizedvowels) arecovered.With slight
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modificationof this module(and in conjunctionwith a suitablefront-endtext analyzer),
syntheticspeechcanbegeneratedin mostIndianlanguagesandalsoin IndianEnglish.This
assumesspecialsignificancein thecontext of accessingwebinformationin themulti-lingual
environmentweenvisage.

3.5 Parameterto (digitized)speech synthesis

This is implementedby aslightly modifiedversionof astandardsource-filterspeechproduc-
tionmodel(Allen etal 1987;Klatt 1980).Thevocaltractismodelledasanumberof bandpass
filters,with the‘formant’ frequenciesastheir meanfrequencies.Thesourceof excitationto
suchfilters is eithera train of quasi-periodicpulses(for voicedsoundslike vowels)or ran-
domnoise(for noisysoundslike‘s’ or theburstof astopconsonant).For soundslike‘voiced
consonants’(e.g.‘b’), boththesesourcesaresimultaneouslyactivated.

Thefilters areconfiguredin cascadeto generateperiodicvoicedsoundsandin parallelto
generatenoisespectrum.As aspirationnoiseis generatedinsidetheglottis, it is modelledby
passingrandomnoisethroughcascadefilters.

Theequationsof digital resonatorsaregivenby,

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

wherey(nT ), y(nT − T ) andy(nT − 2T ) arethecurrentandtwo previousoutputsamples
andx(nT ) is thecurrentinput sample.Theresonatorco-efficientsA, B, C aregivenby:

C = − exp(−2πBw)T ,

B = 2exp(−πBwT ) cos(2πFT ), and

A = 1 − B − C,

whereF is theparticularresonance(formant)frequency, Bw is thecorrespondingbandwidth
andT is 1/(samplingrate).Currently, asamplingrateof 16,000Hz is used.

Thenasalvowelsandconsonantsareimplementedbyapole-zeropair.Theirfrequenciesare
maintainednearlythesamefor non-nasalizedsoundsandarekeptsuitablyapartto generate
theeffectof nasalisation.Theanti-resonatorequationsaregivenby,

y(nT ) = A′x(nT ) + B ′x(nT − T ) + C ′x(nT − 2T ),

wherex(nT ), x(nT −T ) andx(nT −2T ) arethecurrentandthetwopreviousinputsamples.
Anti-resonatorco-efficientsA′, B ′, C ′ aregivenby

A′
= 1/A, B ′

= −B/A and C ′
= −C/A.

Thefrequency of thevoicing sourcecorrespondsto thegivenpitch frequency. Theshapeof
thesourcepulseis importantfor the“naturalness"of syntheticspeech.To generatea’natural’
source,weusethestandardwaveformequation,

Ug(t) = at2
− bt3

wherea, b areconstants,determinedexperimentally.
Currently, weareconductingsomeexperimentsfor bettersourcemodellingandtheresults

havebeenappliedsuccessfullyfor generatingadifferentvoicetype.This,in turn,wasapplied
to thewebreader– with differentvoicesappliedfor readingdifferenttypesof messages.

Theothervariableparametersincludespectraltilt andopenquotient,whicharenot impor-
tantfor intelligibility , but contributesto thequalityand“naturalness"of thesyntheticspeech.
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4. HTML document processor

The functionof theHTML documentprocessoris to retrieve thespecifiedhypertext docu-
mentfrom the internetandgeneratetextual outputsuitablefor feedingtheTSS.It consists
of an HTML retrieval utility, a public domainSGML parser, anda text parserdeveloped
for web readerapplication.A Unix utility (‘wget’) or, optionally, a java script is usedto
download the HTML documentspecifiedby the user. An SGML parser‘NSGMLS’ (see
http://www.jclark.com/sp/nsgmls.htmfor details)validatesan SGML documentandprints
a simple text representationof its ElementStructureInformationSet.A ‘perl’ basedtext
parserextractsrelevant informationfrom the detailedoutputof NSGMLS.The text parser
detectsspecial texts such as titles, text in special font types such as bold or italic etc.
As the TSS is capableof generatingmultiple voice types(male/female,low/high pitch),
the systemconveys suchnon-textual information to the uservia specializedvoice types
while readingthesespecialtypesof textual information.The text parsercandetectsome
redundantinformation (like duplicatespecificationof email address)in the HTML doc-
umentand discardit. Whenever a uniform resourcelocator (URL) is encounteredwithin
the document,the parserconstructsa structurecomprisingthe locationof the URL link in
the documentand the URL address.It also raisesa control flag at that point in the doc-
ument.Suchcontrol flags are subsequentlyusedby the web readerto provide web navi-
gation facilities to the userasdescribedin the next section.HTML documentssometimes
containe-mail addresses.The constituentsof e-mail addressesare composedof alphanu-
meric characters,and are not, in general,regular words of the language.Hencethe text
correspondingto e-mail addresseshasto be processedin a specialmannerfor broadcast
in audiomode.So, whena link to an e-mail addressis encountered,the parserprocesses
the e-mail addressinto separate(character)units so that the e-mail addresscanbe spelled
out by the TSS. The text parserignoreslinks to hypermediadocumentsother than text
andaudio(suchasimages,video, frameinformation,postscriptfile) so that the web con-
tentscanbedeliveredin audio-onlyoutputmode.Thetext betweensuccessive URL links is
passedon in chunksof a line or a paragraphby the text parserto the TSSfor synthesisof
speech.

5. Web reader system implementation

Thewebreaderis theresultof integrationof HTML documentprocessorandTSSwith the
audio output moduleof the computer, and wrappingit up with control structurefor web
navigation. A flow chart of the human–computerinteractionin a web readeris shown in
figure5.

Theoutputof theHTML documentprocessoris the text to bereadout to theuseralong
with control information,if any. If theoutputis not a URL, thetext is simply passedto TSS
for generatingthespeechsignalof appropriatevoicetype.Thenormaltext is readoutwith a
defaultvoicetype.Alternatesynthesizedvoicetypeisusedto indicatetitle oremphasizedtext.
This is afirst stepin thedirectionof indicatingthetypeof informationbeingconveyedto the
userin audiomode.If theoutputof thedocumentprocessoris ahyperlink, theuseris offered
a choiceeitherto follow the link or continuelisteningto the restof the currentdocument.
At this stage,the useralsohasthe option of returningto the documentpreviously visited
(equivalentto thebackbutton in a browser).Thesystemwaits for 3 secondsfor theuser’s
response.If the userdoesnot exercisehis option within 3 seconds,the systemfollows the
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Figure 5. A flow chartof interactionof webreaderwith user.

defaultpath,i.e.continuesto readthecurrentdocument.Ontheotherhand,if theuserchooses
to follow theHTTP link, thereadingof thecurrentdocumentis suspended,anda daughter
processis spawned.Thedaughterprocessinvokesanew instanceof thewebreaderwith the
addressof theHTTP link. Whenthebrowsingof this (new) documentis over, thedaughter
processterminates,and the control is returnedto the parentprocess.The parentprocess
resumesthereadingof thecurrentdocument.In this manner, theusercannavigatethrough
inter-linked hyper text documents.In addition,whenever an email addressis encountered
in a document,thewebreaderoffers theusera choiceof listeningto theemailaddress(in
spellingmode).

The processof web navigation within the web readerinvolves input from the user. The
input is theselectionof oneof the3 alternatives.Theusercanchoose(1) to follow a hyper
link, (2) to continuebrowsingthecurrentdocument,or (3) to returnto browsethepreviously
visited web document.In caseof a link to an e-mail address,the alternative option (1) is
to readthe e-mail address.The user’s selectioncanbe fed to the systemeither througha
keyboardor, optionally, in voicemode,providedthesystemis equippedwith amicrophone.
In theformermode,theusertypesin theappropriatedigit to indicatehischoice.In thelatter
mode,theuserspeakstheappropriatekeyword,andaspeechrecognitionmodulerecognizes
the spoken word, and passeson the choiceto the control unit of the web reader. A few



124 AniruddhaSenandK Samudravijaya

isolatedword speechrecognitionsystemsin Indianlanguageshave alreadybeendeveloped
andreported(Samudravijaya et al 1998;Raoet al 1996).The speechrecognitionmodule
usedwith thewebreaderuseshiddenMarkov model(Rabiner1989)to recognizetheuser’s
spokencommands.

An isolatedword speechrecognitionsystem,implementedusinghiddenMarkov models,
wasintegratedwith thewebreader. Thisempowerstheuserto navigatethroughwebpagesby
exercisinghis option,in voicemode,whenever a hyperlink is encountered.Thevocabulary
consistsof 4 words:(a) go back,(b) continue,(c) follow link, and(d) reade-mail.At any
giventime, theactive vocabulary consistsof 3 words.Thewords“go back” and“continue”
arealwaysactive.Theword “follo w link” is active whenever a hyperlink to anotherHTML
pageis encountered.Similarly, theword “reade-mail” is active whenever ane-mailaddress
is encounteredinsideanHTML document.Theusercanspeaktheappropriateword within
theactivevocabulary to selectthecourseof action.

In the current implementation,a 10 state left-to-right hidden Markov model (HMM)
has been employed. During the training phase,a HMM was trained for every word
usingmultiple repetitionsof the word by 20 speakers.The public domainHTK software
(http://htk.eng.cam.ac.uk/index.shtml)wasusedfor trainingandtestingthemodels.When-
ever a hyperlink is encounteredduring web browsing using the web reader, the user is
prompted(in voicemode)to exercisehisoption.Thespokenword is matchedwith modelof
eachof the3 activewords.Action is takencorrespondingto thewordwhosemodelmatched
thespokenwordbest.

6. Indian language display

Thereareseveralfreepackagesfor X11 andMS-Window platformswhichcanbeutilisedfor
displayingandprinting text in Indianlanguagescripts.We list a few of themhere.

(a) Devanagari text canbeinsertedwithin a latex file usingdevnag software,availableat,
(ftp://ftp.tex.ac.uk/tex-archive/language/devanagari/distrib/).

(b) For thesamepurpose,itranscanalsobeused.It is availableat:
(http://www.aczone.com/itrans).
Both devnag anditransusesimpletransliterationschemeto representDevanagari char-
actersin Romanscript.

(c) TheGISTtechnologyfrom CDAC facilitatesinteractivewebapplicationdevelopmentin
Indianlanguages.It followstheISCII codeto representIndianlanguagesin nativescripts.
Thiscanbeobtainedfrom:
(http://www.cdac.org.in/html/gist/gistidx.htm).
TheISCII codealsoformsthebasisof representingIndianlanguagescriptsin unicode–
theuniversalbinarycodeto representthescriptsof all thelanguagesof theworld. Its web
addressis:
(http://www.unicode.org).

(d) An ISCII plugin hasbeendevelopedby IIIT, Hyderabadwhich enablesa userto display
anHTML page,codedin ISCII format,in any of thebrahmi-derivedscriptsin any font of
theuser’s choice.Theplugin alsoenablesa websearchin Indianlanguages.Theplugin
hasbeentestedonwindowsaswell asUnix operatingsystemsandwith InternetExplorer
andNetscapebrowsers.Theplugincanbedownloadedfrom
http://www.iiit.net/amba/isciiplugin/index.html.
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Figure 6. An illustrationof Indianlanguagedisplayon internet.

Figure 6 illustratesthe display of a Hindi web pageusing one suchpackage(devnag
software).Devnag representsHindi charactersusingRomanscript.Figure6 shows a Hindi
sentencein Devanagari scriptaswell asthecorrespondingrepresentation(in Romanscript)
by theDevnagsoftware.Thiscodein Romanscriptcanbefedto thetext analyzerto generate
thesequenceof phonemesandthenceto synthesizespeech.

Irrespectiveof whichof theabovepackagesis usedfor scriptdisplay, thetext analyzercan
convert thetext to appropriatephonemesequence,aslongasthereis aone-to-onecorrespon-
dencebetweenthecodeandtheunderlyingnativescript.

7. Conclusions

In this paper, we have presentedinitial efforts for utilizing spoken languageasa meansof
communicatingwebinformationto commonIndianpeople.Thepreliminarygoalof integrat-
ing all thediverseelementsinto onesystemhasbeenachieved.But this is just thebeginning
andthereis a longway to go.

As for theindividualelements,thewebparseris beingimproveduponfor betterdetection
andclassificationof textual information.The web parserneedsto be augmentedto handle
framesin webpages.Theintelligibility of theTSSisgood,i.e.,themessagesspokenareunder-
stoodreasonablywell. But the“naturalness”of thesyntheticspeechneedsto beimproved.It
is thereforesuitablefor deliveringonly onesmallsegmentof messageata time.Thequality
and“naturalness”arebeingcontinuouslyimproveduponby researchin areassuchassource
modellingandprosody, andtheresultsarebeingappliedto thesystem.

Anotherissuewhichcallsfor seriousattentionisstructuringandformattingof audiooutput.
Ideal waysof presentingstoredinformationin audioandvideo modesarenot necessarily
identical.Hence,thereis a needto designanddevelopspecialuserinterfacesfor delivering
webinformationby speech.
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IntegratinganIndian languagespeechrecognitionsystemwith thewebreaderis another
task which has beenundertaken. Currently, it is being usedto offer userssomesimple
choices.The menuscanbe expandedto ultimately offer usersa keyboard-freealternative.
That will help especiallythe blind andthe semi-literate,andwill openup possibilitiesfor
telephonicaccessof information.

We thankProf. R K Shyamasundarfor encouragementandcomments.We also thank the
Ministry of InformationTechnology, Governmentof India, for supportingthework reported
here.
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