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TECI{NOLOGICAL RELEVANCE OF
SPEECH SYNTI{ESIS IN INDIA

ANIRUDDIIA SEN'. MVIER A FURTADO1 and SUGATA SANYALi

Con-ipuier Systems and Communication Group,

Tata lnstitute of Fundamental Research' Homi Bhabl-ra Road,

Mumbai400 005,  lnd ia

Abs t  rac t

This paper drscusses speech s l  n lhesis  ancl  i ts  re levance against  the backdrop of  rhe IT revolut tcn in

india. Speech s1-nthesls has berter short-term prospect,s than speech recognit, ion anci despile ]lnri ied

naturalness, can ourperfc,rm recorded speech in imporiarit applicat!on areas i ike dial-in access to data

bases. lndigenous development is imperat,ive for sl.nthesis. Out of the three standard techntques'

concatenation and fcrmant sl, ltheses have been tried out for Indian ianguages u'i i ' l .r equal success'

A real t ime Hindi formant sinthesizer ha^. been implemelrled on a Personai Compuler. For future

progress, this highll,potent core technolog-v needs industrial suppoll.

1  In t roduc t i on

Speech recognit ion and sl,rrthesis, correspondrng to speech i .npuf and oulput for computels. are

mucli  talked about t ,opics in."."nt t inre-..  l . l rr forruna[e11,, the relaferl  $'orks are oftet l  vielved Nil ] t

e i tSer  unrea l i s t i c  expec ta t ions  or  un ,a ,a r ran tec l  scept ic isn i  and a  prudet l t  appra isa l  i s  ra re '  l l - l ' i i s  paper

alempis lo e.xamrne several aspects of speech s1'nrhesis in an objective r l lanner. I ts prospects and

hnr i ta t ions  aga ins t ,  the  ba .ckdrop o f  the  on-go ing  [T  revo lu t ion  are  d iscussed I ts  te ievance in  Ind ia

is  h ig l i ) igh teJ  and the  progress  is  ou t l ined  w i t i r  t i i e  exarnp le  o f  a  par t i cu ia r  s1 'n thes izer  deYe loped

at  the  Tata  In - . i i tu re  uJ 'Fundu- "n ta i  Research  ( I ' lFR) .  The paper  conc ludes  n ' i th  a  fe rv  po i r i t ' e rs

to l la rds  the  fu tu re .

2  Wha t  i s  SPeech  sYn thes i s

Generat ion of  speet : I i  by ma.chine.  usual i l  a  con,putgr .  n ia l  be def ined as 'speech Synthesis '  A

rrere reproclpc l io l  r - r f  pre-- recorc led speech (e.g.  rear l ing out  a vc ice nLai l  )  is  n i : I , 'ger ierat ion 'and

hence sSoujcl not be terrned as sprer:ch s1 nlhesis thich. irr it-* con'rplete forr:-t. irnplies the capabil it-r '
- ' . - " t r ,  

Jc r t f - ; ; ; . ' * ;
.  t  deceased

I  emai l ,  sar r i ' a lG t i f rvax . t i f r . res  in
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Fig.1 Automatic Ansn'ering S5'stem over Telephone

arb i t ra r l  message.  \ \ ' r i t ten  tex t  i s  a  ver ) '  conYer i len t  means 1or

.trthesis, for 6ost pra.ct ical purposes. is t ,ext-to-speech convetstori .

3 Recogni t ion and s1 'nthes is

Usua l l1 , .  recognt t ron  and s1 'n thes is  -  speech input  and ou tpu t  -  go  togerher '  Hou-ever '  as  the

cor respond ing  r " .hno log l ,deve iopmenls  a re  subs tan l ia l l - r 'd i f fe ren t .  there  is  a  s t rong po in t  fo r  t rea t -

ing them indepenrienr, i l :  Speech recognit ion problems are more complex and the plogress here is

e>tectedl l ,slou,er. For example, r i 'hether in India or elservhere, accutate large vocabuiarl  continuous

speech recognizers are ),et confined b1, and iarge to r i .re laboralories * 'hereas unl imiled conl inuous

,p*.. ir  sr.nthesizers have hit  the niarket at ieas' i  a decade ago. Natural l ,v, the lat, ter can have a far

r. ; ider range of immediate appl icarions. In a 'r 'oice output onl l ' '  s1'stem, graphic interface(GI)-mouse

or rouchrone buttoris (for t ,elepl ione app[cations) can be convenienti l 'used for inpur'

4 \\ ' 'h) '  Speech S-vnthesis

lv lak ing a machine ' la lk 'ha, .  a l rva l .s  been an inte l lecrual ly  s t i rnuiat ing exerc ise in  speech anC

cngniri.,,e scielces Tradit, ionall] ' , s].nrhesizers are knou'n t,o be useful especiall l ' for the i l l i terat'e' the

Ut ina l lor ' reading out ' text )  and the speech impaired ( l ike i l lust r ious Prof  Harvk ins,  for 'speakinS'

through a s_r,nlhesizer) Recenr advances in compuler and communication technology, coupled rvith

tlre ernlosion in the demand for information, have irnrnensel5'increased the relevance oi speech

synthesis for the geneia) popularion as n,ell. Of parlicuiar importance rs the possible use of s-u"nthet' ic

speech f . , r  conle]  jns in f r r rmar ion of  publ ic  impor lance e g.  for  announcements ar  publ ic  p laces } ike

ai rpor t .  ra i l rva l ,srat ion or  for 'd ia l - i r r 'access to coniputet ized in format ion bases (F ig t )
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5  Syn the t i c  vs .  Reco rded  sPeech

For the last mentioned application, however, sl,nthesis has a close rival conventionali l" such

information is spoken out b1' announcers/op..uio.. directl l '  or their pre-recorded voices ate used

In e i ther  case,  the choice here is  essent ia l l l '  the choice betrveen'manual 'and'auLomat ic ' '  \ \ rhen

informarion is extensive and changes verl ' rapidly, the 'manual I ink' becomes a bottleneck againsr

the ever,increasing demand for throughput. A speech synthesizer offers a solution with its abil it l '

to generaLe spoken messages'automatical11,'. When the informarionis already corrrputerized (u'hich

is often the case nou'-a-days). messages can be s1'nthesized without an-V human inLervention and

resulring dela,v, EVen u'hen thel' are not and are to be kei'ed in, t l ie operators,/announcels ma1'find

the ta^s!: more con\.enienr than straining t,heir 'ocal cords ihroughoul rhe long dutS' hours

6  Cha l l enges

fieu'eYei, u-hether in India or abroad. the spread of speech synthesis applications is not as mr'tch

as one could q'ish 'lhe basic reason is not onil' lhe lack of arvareness but also the failure of the

state-of-the-ar! to rearh the desired height. Tbis fits into a generai pat't 'ern of AI endeavours u'here

ir is easier to make a machine do an experl 's work (l ike an aeronautical engineering design) tiran t 'o

make it mlmic some of the 'comm<.in sense' activit ies }ike speech, r ' ision' comprehension of language

erc. A possible explanation of the 'paradox' is that most of the expert' knou'ledges irave- evolved over

a ferv centurres at best, i*,hereas 'common sense' '*'as assimilated over tens of thousands of 5'sttt-

As for speech sl,nthesis. it is now possible to produce reasonablfintell igibie speech' Horvever'

i,he problems of sl,nthesizing'natural-sounding'speech have not "Yet been reasonably solved' Por

complete text-to-speech conversion, generationlf.pptoptiule pronunciation and stress patterns ts a

prerequisite. This is equivalent to the 'reading' ubil itf in human beings and calls for l inguistic and

po,.iuty l i terary kno*'ledge' Not unexpectedly, here also the PIogIeSS is slorv'

In short. whereas.some issues in speech synthesis are quite weil worked on, so]rle other problenls

are sti l l  open and improvements are l ikel1, to .o*" only gradually. Broadly speaking, the u'ork in

acoustic do'rpain ls fast reaching a point of sa.turation and in futule we are i ikely to u'itness slo*'

progress throirgh the domain of language'

Slate-of-the-art speech synthesizers are quite suitable for supporting applications involving brief

output messages like those from most queiy h.ndlers. Ho*'ever' u' it ir Lhe present degree of nat-

uralness, s-vnthet,ic speech is unlikely to be pt:pular for reading out pas.sag.es of ch.apters Such

applications, fo, ,orr," more time, are l ikely tci be reslricted to the blind u'|ro have no better opi' ion'

Which sYnthesizer

To have any meaningful advantage over recorded speech, the s} 'nthesizer should be unl imtted' t"e'

capable of producing any given utterance. lr{ost of such s; 'nthesizers are of an; '  of the ttrree b'road

types, vrz. concalenation, formant or art iculat 'or) ' .  depending on the approach taken to solve the

core synthesis issue of generating speech' given the pronunciat iort '

I n a c o n c a t e n a t i o n s } , r r t , h e s i z e r . , p * " . h ' i s p r o d r : c e r l b y c o m b i n i n g a S e q u e n c e o f p r e - r e c o r d e d

segmerrls of nalural speec:h. As phonemes. the units of speech sound are substantial)y ir ' f luenced
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b) the cont 'ext ,  appropr iate techniques are to be employed s 'h i le  select ing arrd corrcat ,enatrng thesegments ln  formant  and ar t icu lator l  s l 'n thesizers,  s ieech rs generated b1,  product ion n. iodels.In the former, different tr.pes of speech sounds can be produceci b_v var-t, ing u.ell_knou.n acoustic_phonet ic  features l ike energr ' ,  p i tch and more important l l  ,  the , formant ,or  
resonance f requencres o{vocal  ca ' i t ies ln  an ar t icu lator t 'svnthesrzer ,  movements of  var ious ar t icu lators l ike tongue,  l ip  aremathematrca) I1 'model led and speech sourrds are r ,ar ied b1,var1, , ing the model  paramerers.  thereb-remulat ing the correspondir rg arr icu iator- r ,  movernents.

Each methodologl 'has i ts  s t rengths and weak'esses and x, . i th  hard l - r ,an) ,consensus emergingabout  thei r  re lat i 'e  gradings,  i t  is  safer  to  sa1 
- that  

the qual i t -v  depends upon not  only  the nrethodol-og-v chosen but also the actual skil l  deplo-r'ed. In g"n"rut,.ou.ur"riution s-r,nthesiz". i. t l ," srmplest toimplement' articulator-r's-vntl iesizer isthe most complex one and formant s'nthesizer is in bet'r,een.simpler the technique,. lesser the qualitv potential but al.o l.rr.r. i . the need for specialized skil l  Aconcalenation s1'nthesizer (e g LPC si'nt,hesizer) is basrca]11, corfus-driu"', s.ith l imiled need forspecialized skil l  A formant s-r'nthesizer, orr the other hand i. iuii."tt l ,rule-driven u,here the va-stbodl' of acoustic-phoneric knowledge ar ailable on formant movem ents is uti l ized For arr artr cu latorr.s lnthesizer ,  prec ise eIa luat ior  a l rd r ;p i . imrzat iorr  of  the r r rodel  are rhe ke-r ,  issues.As for speed, simpler the s,r'nthesizer higher the speed of execurion. Hou.ever, vt, irh modern, fastcomputers' it is possible to implement acceptabl5 fast s1,nrhesir".l u1, emplot.ing an-r, of the abovet,echniques and speed is therefore a minor consideration nou,.
currentl3" both concatenai' ion and formant svnt,hesizers are running close in international f ieldu'hereas articulat'or-r's-r'nthesizers are poised to make a big brealrthrough. The Indian scenario isbriefl1'overvies'ed in the next section

Ind ian Scenar io

The last decade u.irnessed considerable progr.ess in speech s-l,nthesis research and developrnent inlndia Although u'e could not 1'et cat,ch up *' ith the international de'elopments, the gap has beer,someq'hat narron'ed dori.n.
As the s-r'nthe-sis issues l ike text analvsis, preparation of speech data corpus, acoustic,phoner,icanall 'sis and acoustic-phonetic rule formation (*'hen .ppli. i t. j  ure ver], much language-specific,indigenous R & D is unavoidable. Hou'ever. a number of areas (e.g. speech signal processing,production modell ing) 

.are 
practicailv language-independent. There, rn.e need not start from scratchand can uti l ize the available techniques tJ the best efect.

As Engiish plays a ' i tal role in IT even in India. prudence demancis its inclusion among the'lndian'languages 
Hou'ever, attempts to use off-the-shelf Engiish svnthesizers met q.ith l imitedsuccess and it shou's that in acce't and subtleties of pronunciati in, English must be ,Indranrzed,for

general acceptance.

Quite a fera' institutionl in. India are engaged in speech synthesis research in Indian languages.A fast text-to-speech s1'nthesizer for nlnaiCrau ,u* d",r"lop"Jl, n...un college, pune 
[1i andwas laler on prodr:ctionized b1' the centre for Developmenrlr ea"unced computing (SDAC). Ataiking dictionary-cum-spellchecker in 'BangLa'has 

recentll, been unnoun""d by the Indian statisticalI ns t i t u te ( lS I ) ' ca l cu i t a [21  ] ' he lnd ian l . , r i i t u t "o f re_chno logy ( I IT )  
,Madrashasworkedonanove lscheme v 'here the 'uni t ' i i  a 'characier 'o f  , l r i t len text  [3 ]  .  A l l i i r .e  ut i j ized concatenat io '  technique,although the last mentioned one innovatively blended ii with formant synthesis. The only reported
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]r1[ arke-rs

Fig. 2 TIF-R S1'nthesizer Schematic

unlimited conttnuous speech s),nthesizel using eliclusivell '  formant s1'nlhesis teclnicr1 is {rom TlFR-'

Bombay.[41. The Centia] Elecrronic Engineei' i i ig Research Institute (CEERI). New Delhi unit is also

engaged in similar research [5]
No notervorthl ' rvork ha^s been reporterl as yet in articulatorl 'synthesis in Indian languages and

immediate prospect does not upp.u, to be bright as the necessal)'ground uorks in terms of col-

lecting,art, iculatorl,data or p..puring labelle,-l -rp"".h data bases.have hardly been done. Betu'een

concatenation and formant slnthesizers. the fruiit, demonstrated so far is nearl-r 'as par' It is to be

seen u"hether forrnant sl,nlhesis. *.ith its inherent capacit.v for improi'ed quaiit l 'and versati l i ty' can

ultimatelY be the leader'

The follorving sectlon ouil ines a t1'pical exarnple of indigenous s]'nlhesis eflori '  It is a summar]'

description of the'f iFR formant syntiresizer *'f,. ih, from ^n earl1' research s1'ntl iesizer stage [a] ' has

L.een graduailf irrproved upon for supporting possible applications'

I  TIPR Formant SYnttresizer

9.1 Funct ional  descr iPt ion

The basrc unit (Fig.2) is a phoneme-to-speech synthesizer" lt can be connected to any appropriate

, t ex tana l yze r ' t o rnpu tphonemesymbg lsands t ress /punc tua t i onn ra rke rs  l npu t tex t canbekeyed in

or read from a fi le. Provision exists to by-pass the frtnt-encl text analyzer and specify pronunciation

d i r e c t l - y . C u r r e n t l y ' t t c a r r a c c e p t i n p u t s s u i t a b l e f o r g e r r e r a t i n g s p e e c h i n } I i n d i o r l n d i a n E n g l i s h ,
The output of the synth"rir", l, digit ized speech for a samp)ing rate of 16 KHz \{ale or female

voice, with optiorls for high or low pitch, c;n be synthesia"d und the speaki.g rate can be varied

within Iimits.
The complete synthe-sizer is a 'softu'are' one. T'he only special hard$'are needed is a speech

board for playing back the digitai speech samples generated.-The synthesizer program' writ len

in C, is portable to virtuall;, an1, platform u'ith miri imal moclif ications' An early PC rrersion u'dS

demonstrated in the 1gg3 exhrbition of the computer societl '  of lndia and the iatest' one runs on

a Pentium-based PC in 'real t i l :ne'u'hich means that one second of speech can be s1'nthesized in

less tha' a second. Iire signrfica.. of Urrukir,f i i ' ," 
'r"ut-time^barrier' l t tt 'at u' ith multiple-buffered

sneech T/O it is nossible to 'reilt l  anci synthesie' frotn a t 'ext f i ie'of any size withoul' any break (Fig

^urrenti-v, a 'soundbla-.ter' speech board ls being u-sec1'

_--_R"r. 
bJ I

Phonemc to 
I

Acoustic-Phonetic t
Parameter Conlersion 

Isvstem 
_J
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'Svnthesize '  and'PIar '  run

in parallel or q'ith Dtr/IA olerlap

Fig. 3 fininterrupted 'Read & Slnthesize' scheme

Bl. integrating the bar. ic s-,nlhesizer ui ih various iront-ends, the fol lor+' ingdemonstrat ion sl,sr,ems
have been de le loped:  ( i )  a  H ind i /Urdu tex t - t ,o -speech s ls tem ( i i )  an  Ind ian  Eng l ish  tex t - to -speech
s v s t e r l  ( r e x r  a n a ) 1 z e r -  n o l  \ . e t  c o m p l e r e d t  a n d  ( i r r )  a , n u n r b e r  r e a d e r ' u i t h  H i r r d i  o r  I n d i a n  E n g i i s h
opt ions .

5.2 Brief  r+'orking pr inciple

The synthesizer can be divided into three nearl3' independent stages. the final one being a speech
production model rvhich is essentiall l '  a formant synthesizer It implements a modified version of the
slandard 'source-fi l ter' 

model suggested by Ii latr [6] In short, a series of f i l ters. modell ing the vocai
tract. are excited by some 'source' *thich is either (r) a train of quasi-periodic pulses, simulating
the v ibrat ion of  the vo^^r  ̂ ^ - " r  ̂ -  / : : \  - - - '^ - r  nL-rse-  s imrr la t ing t ,he generat ion of  noisy sounds i ike's' rhis tur, ,,i,.'r.t.,.-.'" 

".."'';ii.";#";,'i"::;.:';l'ii;:':'f"fi* rhe source purses or apprying
art iculatory efects need considera.ble ernprt. ise and determines the quali ty of synthetic speech. The
standard model wa^-. 

". ; ; ; ; l r ' f ; ; ;#;; ;y 
antJ rarge language-in<lepenclent. only a few minor

modif icat iorrs wete needed to capture a few specif ic characterist ics of Indian speech sounds.
Ho$evs1,  rhe  conr ro l  parameiers  o f  t l , i s  rnode l  e  g  energ ies  p i tch . ' fo rn ran t ' f requenc ies .  a re  to  be

varied to produce the desired utterances, specif ier l  by phoneme str ings. TIFR research n,as focussed
on thrs phoneme-to-parameter conversion issue, uhich is done by a comprehensive set of acoustic-
p.nonetic rules. l lhe rules are very much language-dependent and therefore cannot be z,dapted from
those repr , t ted  fo r  Eng l is l :  o r  European Iang, lag" ' .  Jhe  ru ies  a re  dependenr  on  phonet ic  contex t  and
are- there fore  complex  and ex tens ive .  Hou 'ever ,  the l  uere  organ ized innovat i le l ; ' i n  a  very  cor lpacr
and f lexible framework. fhis al lorvs ea-s-r 'modjf icat ion by changing the enLries in some conlrol tables
whea the experimental re..ult  d.mund.. f  t ' .  rui"-.  have been deveiooed for Hindi and lncJian English

Any speech
data bufTcr left?

out the
r€
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and can be  adapted  eas i11 ' fo r  s im i la . r  ind ian  languages main l l ' b1 'c l iang ing  sorne  tab le  en t r ies '

T' l ie front-eld of the s1'nthesizer is a t 'ext unul l ' r"r gerierat ing the phonelre st 'rrng and stress

markers  cor respond i r ,g  ro ih .  g iven  tex t .  Prac t ica l l l ' any  tex t  ana ' l5 'zer  can be  in tegra ted  q ' i th  the

sl,nthesizer b1,mor1if1: ing u phnn"*, Ioc,k-up tabie. Hori 'evel) prontlnciat ions at1'prcal to Hindi or

lndian Engiish rnay be approxirnated to nearbl '  ones. An lncl ian English lext anai-vzer is current ' l1 '

under  deve lopment  in  T IFR.

9 .3  D  i scuss ion

.fhe sl,nthesizer demonstra.ted that accept,abll fast s1'nthesrs in Indian languages is now possible

on u pe-platform l+,rthout any arldrtional hardu'are l ike DSP board and u'i lhout compromising *' ith

the qualit1,. Eariier, .*plt*i. was on phoneme-to-speech conversion As thal ha--" been achieved

u'ith rea-*onable degree of success, foc-us r,orv is on text' anail 'sis and naturalness'

10  Conc lus ions

Speech synthesis  in  India has progressed enough to support  se lected appl icat ions

rnore, horveYer, has to be done before the s1'nthesizers be good eni;ugh for: general

Part icuiar empha^-. is has to be applied or) text anai-vsis'

I l  m 's t  be  rea l i zed  lha t  s1 'n thes is  i s  no t  a 'one shot 'p rob iem -  | re re ,  qua l i t l ' has  to  be  gradua l l l

i n rp rove< l  t ,o  keep pace w i rh  t . i re  sa t is fac t ion  o l  lhe  user - . .  R  & D,  the , re io re '  l s  no t  jus t  an  in i t ia l

C o n s i d  e r a  b l l

app l i r :a l ions
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ef fo r t .  bu t  a  cont inu ing  ac l i v i t l ' .

I t  n rus t  bc  unders t ,ood tha t  desp i t t  cur rcn t  l in r i ta t ions .  speec lL  s - r  n thes i :  techr r r logr '  l ras  h ig l r
po{ ,en t ia l  and can c ie l i ver  r ' ,ha i  vo ice  respcnse sYstems u t i l i z ing  recorded speech car rno t .  As  o f l -

rhe-she i f  sv r i rhes izers  u ' i t ,h  na t ive  Eng l ish  accenr  have hmi red  accep iab i l i r l '  j n  ind ia .  ind igenous

developnrerrt is unavoidable and has Lo be suppcrted.

ln  spee, :h  s_ in thes is  research  and deve loprnent .  var ious  na t iona l  labora tor ies  a re  do ing  reasonab l l '

r .e l l .  Houever .  in  lnd ia .  the  in te rac t ions  be t teen indus t r ies  and labora tor ies  a re  feeb le  and th is  i s

ce t r in ' ien ta i  to  the  in te res ts  o f  bo th .  The indus t r ies  shou id  rea l i ze  tha t  speech s1 'n thes is  i s  a  ' core '

rechr ro log l  ca^pab le  o f  add ing  a  neu 'd in rens ion  to  computer  indus t r -v  and ca ta l - i ' z ing  app l ica t ions  fa r

b e . r  o n C  o r . r r  c u r r r n t  i m a g i r r a r  i o n .
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