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by Voice

Abst rac t

\f itlL the rapzd growth oJ informatton netuorks tht

r-eC, ta occess infonnation by dtallng is fost zncreas-
"r, 

fnt paper outlines such a scheme' btsed on Speech

iiroirrrio^' whtch handles spoken queries aud Sryech

ilntlrrrc thich genemtes spoken replies The core *'
'ru, 

of ,pr"rf, recognition ts identifcation oJ the under-

|uirrq lingutstrc messages and the nain probletns are fl'

ita", ,"t oi oll sorts o-f statzstical vartations and takir4
'rrrr-oS 

tht dtflerc'nces in plLonetic ccntetts I)ynamt'c

Ttmt \1 arp'tr,g and Hzdden ltlorkot hfodelling ,ate 
sorne

ir 'rhnro,r i  commonly used For telephone quiry'  (szn-

g[t. i  w:ord recoortLzers. or (mulfu) uord spntters urlh
'someuhat 

less occurvcy' can be used The matn zssu.cs

oi Soeech Syntheszs are esiablishing pft)nuflcLatxon ior

iL. qrrrn text, generating speech which is highly contett

sensztiue and moking syniheiic speech natvral ,sounding'

Se,-,erci reasonablu intelltgtble sunthesi:ers t'or Indzan

lanEua-oes are alrcad-u zn ettstence

1 lntrociuct ion

l\Ie are norl' ra'atching an expiosion in lnformatton

Neii .r 'orks. To 
'hook into' such networks' a compuier

is needed. Access Lo teiephones is much nider than

access Lo conlpulers and ia'r l i  continue lo rematn so in

near fulure. Faci l i t l '  for 'hooking into' such neln'ork-q

b'-\  \ ' ) l :e i i ' i l .  thus make the tnfr 'rrrrtat ' i t ' in acces=-ibl* t ' -r

t"iiJ".":t 
a scheme is fea^srble rvas prevro'isll" pro-

posed bl the aurhors l f l  T'his paper describes t 'he re"

iut"d -"thoCoiogies in some cterai ls in lhe lndian con'

te): ' .  The q' jsl1'  of the user ha^s to be handled bt a

'speech Recogn izer '  whrch  unders lands '  i t  r 'e  dec t -

phers the (te):tualJ rr lessage frr:nr the rnput speech slg-

nal This message is lhen to f ie preseti ted a-s a querl

and v 'hen the  answer  (e 'ga in  in  te rm-*  o i  t ' ex t )  i s  a 'va i l -

a b l e ,  i t  i s  p a s s e d  o n  ! o  a ' s p e e c h  S ' i ' n f ' h e s i z e r ' v i - h r c h

'reads' i t  out i"e'  converls the lext int 'o corresPonci ing

speech signal.

Bottr Speech Recognitlon and Speech S1'nthesis are

open research issues as 1'et and there are. llmllat'rons

in ,U" ,r'rr"*s implemented in India or abroai This

paper outlines some associared research problems' the

itut"*of-th"-trt in lndra and indicates ho*" despite hm-

ii"t**, the proposal can be implemented to gooci ef-

fect. Some future directions are also indicated'

2 S1'stem Cveri- iert '

ln the proposed systeri' the user conrrecls ro ihe

inJ*t.;* base b1' diatiing inio the computer e'hich

pro*pr, him to speak a keyword from arnong the gtlen

choices. When tne user answers' the speech is convey-ed

,o J" 
"o*otter 

in digitized forin The Speech Recog-

nizer thel Processes it and passes the text'ual querv

ri iriterprets lo the querl' handler *'hich rnal' then ac-

.*s. th" informatior'' asked for from the attached rn-

formation base and/or may prompi' the user bo spec-

iii: hi. ,uq.ti.ements in more iieiail (i'e going another

le-vel clora'n). The accessed answer/prornpt is passed-on

io a Text-to'speech si'nthesis system a'hich generates

the corresponding speech in digitrzed form The lele-

phone line is connected to the corrrputer through aPpro-

iriut. ,nt"rf"."r. Besides this, Analog-to-digital and

Digitat-to-analog converters and appropriaie cut-off fil-

,"r-, tr. lhe onll' actdit'ional hardll'are needed lnex-

p"nri* rp"".h btards, housing the telephone interface'

i, '"f 'g-t"-ligital {A/D) and Digital-toAnalog (P#]

.ont" i"r,  and f i l lqrs are commercial l ' r  avai lable {See

t  r s u r e  r  , ."Sor-,te 
pc"sible inforrrrat ion which may be thus ac-

,,..r*d ur" Railrn"ay or Atrlr'ay Reservation siatus'

Wealher informatir-rn or informatioti about Stock Mar-

ket molen' ients 
' I 'he onl-v restr ict ion the state-of-the-

art imposes is that i t  should be pcssible io col lstrucl

the querl wi lh a felr '  sinrple ket 'w'ords'

z 3  l



Yoice Quer) Spol'en Replr

Telephonr Interfaix,

A/D, D/A. and Fihers

SPEECH

BOARD

[igure ]. Infc.,rnratio! arcess br Yoicr

Clearll'. even if such s!'sterrr's are rearCil-v available
ln irternational market. it v,.ill not €xacti). suit to our
needs. For effectiveness. q'e need informat,ion systeu*rs
bandling queries in Indian lan.guages Even s.hen the
quen is in English, the ac_rcnts of the speakers will be
Indian and ihe accent of the s1'nihetic repll. should also
be Indian. In other words. the Speech recognizer and
sytrthesizer must be for lndian languages and lndian
English.

3 Speech Recognit ion

3.1 Recognition issues

The mair issue i-n Speech Recogrutron is erlraction
oi the textual iaformalion fiom thr; sienal affer fll_
r,ering oui all kinds of variations 1e.g inter speaker
varlattons, speaking raie variarions)_ A-oother impor,
tant issue is taking care of the high acoustic-phoneric
contexi-dependenc.l,. of speech sigral, This is especial\,
important s'hen continuous speech recogaition is at-
tempred. An addirional issue is recognition of nois-y
speech and telephone speech is noisy i_n rnore than one
coual (e.9. banci iimir,at,ion and line noise).

Nornrall5'. spe.ech is represented b-r. a set of fea-
tures extracLed frorn its short^time spectra . The fea_
tures chosen for recognition (e.g. Cepstral co-efficients
and their differences) are such t,hat their variations
correspond to the variations of linguistic information.
Speaking rale normalization can be accomplished b1,
techniques like Dynamic Time \4'arping {DTl\r) where
the features of sLored templates and rhe test ut,terance
are aligned by d3'narnic programrning rnethod q.ith best
niatcb cnteria [21. Some appropriate drstance measure

(e.g. l takura Distance) [3] is t ] ien appi ied and the token
at tire nrrnrrnum distance from the stored template is
chosen as the one recognized. Aiternativel5., in Hidden
lr{arko.r' tr4odelling (H}{[{), eacL token is represented
b1' a state-transition .model (lr{arkov chain). Tiie model
par&meters are estimated from training data. \\rhiie
recognizing, the probabilitl'of the model generating the
utteranc€ is calculated. The model having the mari_
mum probabilitl of generating the test data is chosen
as the unit recognized [4].

The token (or unit) of recognition is a nbole rl,ord
in an isolated n'ord recognition 6l,stem. For contin_
uous speech recognition, it can be either a phonem€
or an acousticalll' coherent suLword unit determined
b1'special techniques like \iector Quantization. Recoe_
nized sut'u,ord tokens are to be combined into s.orJs
bl suitable lexical anail'sre .

It is well known that in order to attai_n high recogni_
tion efficienc5', lingriistic constraints ( arising from re_
strictions imposed b1'grammar, meaning and contexts)
are to be utilized over and above the acoustic consider_
ations mentioned above. A suitable Natural Lalguage
Processor therefore processes the output of the acous_
tic recogniz.sl (specified usualll' as multiple choices q,ith
probabiLitl'values) and constructs the most plausible
linguistic h-vpothesis as the final output.

3-2 Prasent R-ecogaition Scenario

Internationally. a nu_mhter of large vocabulary iso-
lated word spuh recognizers are norl-available. Hon-
ever, high degree ofreliabihrl,has not been achieved so
far ur continuous speech recog'nition. Techniques em-
ployed are usualil'HMtr{ or DTIII.

hi India, a number o{ medium vocabulai-r- recog-
nizers, based on HMh{ or DTW technique, have been
developed. In ttre Tata lnstitule of Fundamental He-
search (TII'R), a fen medium vocabulary (5G200), iso-
lated n'ord reognizers have been developed and ai least
one of those was utilized for similarquer-l,reiated iasks.
The recognizer is based on HIr{Ir{ technique. Specifi-
cally, a strict left-to-right model is employed and con-
tinuous Gaussian mixture densrt_v is used. The state
transitions are restricled to onl1, forward transitions
up Lo two immediately follo*'ing states. The sl,stem
is pre-t,rained b1' hidian speakers and therefore can ae-
cept spoken words from users s'ith Indian accent Eith-
out any additional training. The recognition accuracy
u acceptable iabove 90%) [5j. The capacity of the s-ys-
tem rs currently being enhanced: the vocabulary is be-
rng increased to about 200 and the system is being
train€d by a larger number and n'ider variety of peG.
ple-(rnale. femaie. children). The ititial resu_lts shoq'
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,hat the recognit ion accuracJ' at 4-5 u'ord choice rs verl '

: lose to hundred percenl.

This or similar syslems can be applied gainful l ,r '  for

:he proposed in{ormatiorr access st 'stems. Hou'ever. re-

;earch on robust speech recognition has not yet ad-
yanced far. Therefore, to keep tfre error rate within

iimits, it is necessarl' to keep the vocabulan' lou', T'hat

restr icis i ,he range of the s1'st,enr's appl icat ions. but in

many situations a small  vocabularl '  wi l l  st i l l  be good

enough. Ofren the choices can be numbererl and t,err

Cigit-u'ords can tbus cater for a u, ide range of queries

To speed up inforrnation retr ieval process. i t  is hoq-
ever  p re{era l r le  thar .  more  t t ran  a  ke l  uord  nra l  b .  inpu t

in each querl'. \\:ithout going to the yet unreliable do-

main of con'rinuous speech recognition, this carr be done

bi '  a method lermed as'trVord spott ing'.  Here. the spo

ken querl 'can be continuous and can contain more thart

one kel '*ord (e.g. Is there a Frrsl Class t icket from Col-
cufts to Delhi l) .  The recognizer does not recognize the
whole sentence, but scans the length of the utterance
for the selected number of keywords. A.ccuracl' offered
by t,his method falls bets'een the accuracies of isolated
n'ord and ccntinuous speech recognizers. Pleseafch and

Developmen'u on this type of recognizer rs eoing on rn

iirciia. The choice between \r'ord spotter and isolated
nord  recogn izer  shou ld  be  care fu l l l  made.  depend ing
r-lpon their speed and relative accurac]'- If accurac3' is
less, queries are to be repe-ated mole ofi'en and ttris
should be considered v,'hile esiimating rhe or.erall rale
of inforrnatiol exchange.

4 Speech Synthesis

4.1 Synthesis Issues

Speech is highl i '  context-sensit ive. Same phoneme
(unit of uti,erance), in the context of different adjacent
phonemes, has diferent acoustic manifestations, q'ith

the transit ion segments carrying vi ial  information for
human perceptlon. Genera.t ing continuous s1'nthetic
speech b- r '  'Cu t . -a r ,d -pas te '  o f  phcnemes is  therebr  nu t
possible and thrs is ;, .najor problem in speech s1'nthe-
sis.

Th is  p rcb l : rn  i s  tack led  e i lher  ( i )  b - r  tak ing  b igger
sphces  o f  speech {e  g  s1 l lab les)  as  unr ts  and jo i r r rng

them at steadl. port ions of speecfL, as rs done in Con'
calenation Synthesizer or i i i )  b1, generating speech b1,
suitable production moclels and varying ihe modeJ pa-

tameters by a sel ofcontext-dependent rules u'hich cai.

ture the transit ions and context variat ions, as is done

in Formant or Ari , iculatorl 'synthesizers. \ \ 'hi le the foi.

mer t ,vpe of synthesizer rnodels the speech prr:duci i , .rn

s1'stem in terms of the acoustic-pl ionetic parameters

l i ke  energ l  .  p r r ,ch  ar rd  resonance ( 'Formant ' )  f requer ,

cies associated u' i t lL speech and uses heurisl ic rules lo

dr ive  t i re  mode l ,  the  la t te r  one uses  prec ise  t la themat -

ical niodels of mor"ement of art iculators, i .e tonguc.

l ips. jau's irr  order to generate speech. For more detai ls

and comparai ive studies of dif lerent t1'pes of s1'nthestz-

ers, Klatt 's revie*'  paper {6] ma1, be referred to.

Another issue of speech s1'nihesis is te>:t- lo-phoneme

conversion i .e. generating pronunciat iori .  given the

text. ln several languages (e g. Enghsh), text arrci pro-

nunciat ion do no| have a clear correspondenr:e. 
' I 'ext

lo phcrneme conversion is then non-tr iviai.  Applf ing

proscdl '  (accenl. in short) is another issue. Capabil i -

l res  tc ,  p ronounce cor rec t l i  r i ' j th  p rope l  accen l  i s  \ .e r \
'humane'and is not easv to be imitated bl a machine.

4 .2  Present  S1 'n thes is  Scenar io

Present l l .  there  are  a  number  o f  ccn t inuous  speec l .

s-r'nthesizers in India arid abroad, applying either cor'

catena.tion or formant s1'nthesis techniques. Ariicula-

r .o r i ' s l  n thes is  i s  cur ren t l . r '  a t  the  cent re -s rage o fspeech

synthesis research and is like11' to emerge in a big v''al

ir  neai-future-

ln a synthesizer developed at TIFE., Forrrrant S-r'n-
:lhesis technique has been applied. In order to generate

s-r-nthetic utierance. a slandard Source-filter model of
vocal tract [7] is driven by a comprehensive sei of rules

releva.nt to lndiari languages. The phoneme reperioire

cl the s1-nthesjz,er incl udes al l  typicalJt Indian sp:ecf,
sounds e"g. aspirated and retroflexed consonant,s or
nasalized vowels. A few more has also been added
to cater for Indian English. The rules. derived af-
ter considerable experimentation and inferencing, cap-
ture variations of acoustic-phonetic pararrreters in 

-a1l

poss ib )e  pbonemic  contex ts .  Tak ing  advantage o f  a
verr' flexible organizalion of rules which leaves scope
for cha,nges N'ithoul rnuch efl-ort, qualii,y is being con-
stantly improved upon. l fhe synthesizer can genera.t-e
both rnale and female voices and can also vart '  r 'oice

t1-pes  ar .d  speakrng ra res  [S l
Several other Lext- i ,o-speech systems, based on con-

catenation tecirnrques, have also been developed fr:r  In-

d ia r r  languages (e  g  H ind i ,  Bang ia)  I9 l  [10 ] .  T 'he  ou t , -
p r r ts  o f  a l l  o {  thenr  a re  qur te  in te } l ig ib }e  Moreover
it  is now possiblr lo generate synthetic speecir in ln-
Cra : l  language:  ra  r th  acceptab le  speed on  eas i r l  a f io rd -
ab le  mach ines  l i ke  Pent rum PC 'Rea l - t ime 'syn thes is

is now possi l- , le which means that the machirte can con-

l  inuous l " r  rea . l  t "> .1  J rc . ,m a  f i le  and ' speak  i r  our . .  . ius r
as  a  man reads  ou t  a  book .  Such s1 'n thes izers  can b :

conventen t ly  app i ' ie r1  l i r r  ' reaCing  o t t t  n tessages over

? t r ' )



telephone.

Hou'ever, the outputs of sS,nthesizers in general arid
the Indian language s) 'nrhesizer6 irr part icular, are not
yet too natural-sounding As prolorrged exposure to
unnatural-sounding speech can cause discomfort,  syn-
thetic opeech, therefore, should better be applied to
del iver brief messages onl-\ ' .  Fortunatel l ' ,  that is what
the outputs of rrrost quer1, s1'sterrrs are.

To adapr arr lndian-language o1'nthesizer to a spe-
cific Indian language, a front-end text arraly2gl for that
speciflc language is to be developed. l\'hereas such text
analyzers for several phonetrc Indian languages (e_g.
Hindi, Urdu) have alreadl '  been developed with a de-
gree of success, thre work ha: just beerr inii,iated for
lndian English. The successful accomplishment of this
tasi:  is important As the language of mo-sr of the infor-
rnilt.ion base.s is English, an lndian Englislr sS.nthesizer
ra'ili open up man)'neu applicatioris to the users" Read-
ing e-mails over cellular phone is one such use vvhictr is
rapidll' gaining importance.

5 Corrclusion

Although the scheme can be implemented with ac-
cepiable degree of success with the st,ate of the art
India,n language speech recognizers and synthesizers,
considerabie improvement is needed for future.

In order Lo caier for the need of increased vocabu-
iarr', robust speech recognition is to be improved upon.
One prospective area is Auditory lr{odelting rn'hich tries
to model the non-linear pre-processings our auditory
svstem perforrns io order to enhance speech and reduce
norse. Work has been initiated il this direction. \Vork
has also been initiar,ed in continuous speech recognition
and acceptable svstems should emerge in a few years.

ln speech synthesis, quality and naturalness has to
be improved upon for betier acceptability. More and
more efforts therefore must be directed towards under-
sianding prosody and applying them for speech syn-
thesis. Articuiatory synthesis is an area with immense
prospect which is not yet explored rnuch in lndia. It is
planned to initiate research in this area in the context
of lndian languages in near future.

It may also be added that speech research, in gen-
eral, is nearing saiuration in acoustic domain and the
future will observe considerable research in related ar-
eas ofNatural Language Processing viz. pre-processors
for speech s1'nthesizers and post-processclrs for speech
recognizers. lndigenous. language-specific research is
therefore gaining increasing importance in r,he area of
speech research.

References  ' l i

[1J  Sen,  A . ,  Fur tado,  X .A.  and Sa41 'a ] ,  S . ,  'Tec ] rno log-

ical relevance of epeech eyndhesis in lndia',  Pnrc,,
Comp. Soc. India Conuention, Bangalore, Oct.- ,

5e1, . ,  1996,  pp 38-45.  " ,1,

[2] Rabiner, L.R. and Schmidt, C.E., 'Applicarionof

d1'namic time u,arping to connected digit recogni-', :-
tton',LEEE Trans., vol. ASSP-33, no.3, Jun lOgb;
pp.56l  -573

[3] Itakura, F., 'lr{inimum predictiorr residual princi-
ple applied to speech recognition', IEEE Trcns.,
vo l .  ASSP-23,  no. l ,  Feb ,  L975,  pp.67-72.

[4] Rabiner, L.R., 'A tutorial on Hidden ti, larkol
Model and selected applicatic'ns in speech recog-
nition', Prcc., IEEE,77(2), 1989, pp.257-286.

[5] Rao, P.V.S., Bhiksharaj, R., Sen, A. and
Mallavadhani, G.R., 'A computer tutor with voice ,i, '
I/O in Hindi', Knowledge Bosed Computer Sgs- _ :

tems Research and Applical jons, 9ds. K.S.R. Ao- , : :r
janel.ulu, M. Sasikumar and .S. Ra.manr, Narosa :''i.
Publ ishing House, 1996, pp. 491-502 ,: ; ;  , . . i

[6] Klatt, D-H., 'Revie* of tex-t-to-speech conversion
for English', J. Acoust. Soc. Am., 67, 1982, pp, .
737 -793.

[?] Klatt, f).H., 'softrtare for a cascade/parallel for-
mant synthesizer', J- Ar:oust. Soc. Am.,6T, 1960,
pp. 971-985

[8] Furtado, X.A. and Sea, A. 'synthesis of unhmited
Speech in Indian Languages usrng formant-based
rules', ,Sadfiono, June, 1996, pp. 34b-362.

{9] Bhaskararao, P.. Peri, \/.N. and Udpikar, \ '  'A

text-t*speech sysiem for application by visually
handicapped and illiterate'. Proc, of the ICSLP
9{, Tok-vo, Japan, 1994, pp 1239-i241.

{101 Dan, T.I(., Datia, A.K. and Mukherjee, 3_'
'Speech slnthesis using signal concatenation',,;}-
Acoust. Soc. Indta. vol. XVII1(3 & 4), pp. 14.1-
145 .  

, ,  
1

254


