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OF HINDI STOP CONSONANTS ' 

Agrawal Shyau 
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ABSTRACT 

This  p a p e r  p r e s e n t s  the 
resu l t  o f  some s t u d i e s  on 
acous t i c  c o r r e l a t e s  o f  seg— 
menta l  and p r o s o d i c  f e a t u -  
r e s  o f  Hindi  s t o p  consonaq  
n t s . T h e  p a r a m e t e r s  havebeen  
u s e d  t o  c l a s s i f y  the  c o n s o -  
nants  acco rd i ng  t o  t he i r  
a r t i c u l a t o r y  manner and p l -  
ace  o f  p r o d u c t i o n  and a l s o  
u s e d  t o  s y n t h e s i z e  them u s -  
ing a s y n t h e s i s  b y  r u l e  t e -  
c h n i q u e . S i x t e e n  p l o s i v e  s o -  
u n d s ( v o i c e d ,  unvo iced ,  asp— 
i r a ted ,  unasp i ra ted)  were 
r e c o r d e d  in  CVC and VCV s y e  
l l sb les  using vowel  / a /  by  
t e n  s tandard male speakers .  
The s p e c t r a l  a n a l y s i s  was  
done using a sound s p e c t r o —  
g r a p h ,  t h e  F F T / L P G  a n a l y s i s  
programme and the m i c r o p r o -  
s o d i c  f e a t u r e  ana lys i s  p r o -  
grammes.The l a t t e r  ana l ys i s  
was done on  a PC(AT) w i t h  
adequa te  f a c i l i t i e s  o f  A / D  
and DIA convers ion.The seg— 
menta l  a c o u s t i c  c h a r a c t e r i —  
s t i c s  such  a s  f o r m a n t s  and 
t h i e r  t r a n s i t i o n s  w i t h  a d j -  
uscen t  v o w e l s ( w i t h i n  e a c h  8 
o r  10 m s e c  f r a m e . ) , b a n d w i d e  

the.  sap(w1th/w1thout voice 
ebar ) .burs t  f requency,aspin 
r a t i o n  no i se  e t c .  and the  
prosod ic  c h a r a c t e r i s t i c s  
such  a s  v a r i a t i o n s  in d u r a a  
t i o n s , f u n d a m e n t a l  f r e q u e n c y  
and ampl i tude w e r e  d e t e r s  
mined. 

The ind iv idual  sounds 
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have been  s p e c i f i e d  on the  
b a s i s  o f  d i s t i n c t i v e  a c o u s q  
t i c  c h a r a c t e r i s t i c s  and c l -  
a s s i f y  in to va r ious  c a t e q  
r i e s  such as V/UV,Asp/Unasp 
e t c .  T h e s e  c h a r a c t e r i s t i c s  
have been  v e r y  u s e f u l l  in  
synthes iz ing  Hindi w o r d s  us  
ing a d i g i t a l  formant  s y n t -  
h e s i z e r  b a s e d  on  s y n t h e s i s  
by rule techn ique .  

INTRODUCTION 

The s tudy o f  acoust ic  
phonet ic and the  p r o s o d i c  
c h a r a t e r i s t i c s  i s  e s s e n t i a l  
t o  unde rs tand  the  b a s i c  n a n  
t u re  o f t h e  speech  sounds as 
wel l  a s  t o  s imu la te  and t o  
deve10p au tomat ic  s p e e c h  

r e c o g n i t i o n  and s y n t h e s i s  
s y s t e m s .  These  c h a r a t e r i s t -  

i c s  o f  s p e e c h  a r e  h ighly 
language dependent  and v a r y  
c o n s i d e r a b l y  f r o m  one coat— 

e x t  t o  ano ther  c o n t e x t . T h e -  
r e f o r e  a d a t a  b a s e  o f  t h e  
acous t i c  c h a r a t e r i s t i c s  r e n  
f lee t ing  the segmental and 
suprasegmenta l  c h a r a c t e r i s -  
t i c s  o f  speech sounds i s  
requ i red  f o r  a spoken  lang-  
uage under s t u d y .  

The pe rsen t  p a p e r  d e s -  
c r i b e s  r e s u l t s  o f  some s t u n  
d i e s  conduc ted  t o  s t u d y  the  
a c o u s t i c  c o r r e l a t e s  o ind i  
s t o p  consonants  which d e s c e  
r i b e  t h e i r  phone t i c  and p r !  
osod i c  f e a t u r e s .  

Hindi S t o p  Consonants 

Hindi s t o p  consonants ,  

unlike many w e s t e r n  spoken 

languages a re  d i s t i ngu ished  

by the f ea tu res  o f  a s p i r a t e  

ion as we l las  vo i c i ng .The re  

are f o u r  d i s t i nc t  p l a c e s  o f  

ar t i cu la t i on  t o  p roduce 

them.Depending upon the p l :  

ace and manner o f  a r t i c u l a s  

t ion ,  the consonants can be 

c l a s s i f i e d  a s  shown i n t a b l e '  

l .  The p a l e t a l  sounds a r e  

produced.  w i t h  r e t r o f l e x i o n  

and hence they could be c l n  

a s s i f i e d  as  r e t r o f l e x e s  

a l s o .  

grandee. 
These  s i x teen  s t o p  c o -  

nsonants w e r e  combined w i t h  

vowel l a ]  t o  f o r m  CVC t ype  

as wel l  as  VCV t ype  s y l l a b e  

l es .  In CVC sy l lab les ,  the 

f inal pos i t i on  o f  the sy l l -  

able VC w a s  kep t  the same 

and only in i t ia l  cosonant  

was changed (e .g .pa l ,bha l  
e tc . )whereas  in the case o f  

VCV sy l lab les , the  vowel  l a /  

was kept  the same inthe in: 

i t i a l  a s  we l l  a s  f inal  pos— 

i t i on .  These  were  r e c o r d e d  

by 10 male _ speakers in 

a s tud io .  

The ana lys is  o f  t he  

u t t e r a n c e s  w e r e  done us ing 

a sound s p e c t r o g r a p h  a s  

wel l  as  a computer having 

A/D and DIA f ac i l i t i e s .  The 
signal process ing s o f t w a r e  
used f o r  the analysis inc lu  
uded FFT/LPC e t c .  Acous t ic  
f e a t u r e s  such as formant  

f requenc ies  and th ie r  t r an«  

s i t i on ,  fundamental  f r e q u e —  

ncy and durat ion o f  d i f f e r s  

ent segment o f  sounds w e r e  

computed.  The t ime v a r y i n g  

display o f  suprasegmental 
f ea tu res  o f  the  u t t e r a n c e s  

was ob ta i ned  using a SNDSYS 

programme and " a  p r o s o d i c  

a n a l y z e r ( l n s t . o f  P h o n e t i c s ,  

Aixsen Provence) .  M ic roproa  
sod ic  d e t a i l s  such a s  v a r i s  
a t ions  in  the  fundamental  

f r equency  and amplitude was 

determined f r o m  these  

d i s p l a y s .  

R e s u l t s  

The sonogram o f  the 

CVC and VCV sy l lab les  f o r  a 

g iven  speaker  containing 

consonant t ,  t h ,  d ,  and dh 

a r e  Shown in f i gu re1 . I t  may 

be  seen  f r o m  these  d isp lys  

t ha t  t h e r e  a r e  d i s t i nc t i ve  

a c o u s t i c  f e a t u r e s  which can 

b e  u s e d  t o  c l a s s i f y  them. 

The asp i r a t i on  no i se  a s s o s  

c i a t e d  w i t h  th  i s  d i f f e r e n t  

f r o m  the aspi rat ion noise 

a s s o c i a t e d  w i t h  d .  In the 

l a t t e r  c a s e  ampli tude o f  

tu rbu lence has  super imposed 

upon i t  and vo ic ing cont in— 

. u e s  through out  the s p e c t r e  

um. S imi lar ly  t he re  a re  d i q  

f f e r e n c e s  in the  nature  o f  

p l o s i v e  b u r s t ,  vo i cebar  and 

the fo rmant  t rans i t ions .  

Dura t i ona l  C h a r a c t e r i s t i c s  

The dura t ion  o f  d i f f e a  

ren t  segments r e l a ted  t o  

consona ta l  f e a t u r e s  hau/abe“ 

anal. globaThe features seq 

l e c t e  f o r  measuring dures  

t i o n  inc lude the p los ive  

gap /vo icebar ,  the bu rs t , ase  

p i r a t i o n ,  vowe l  t r ans i t i on  

and the  s t e a d y  p o r t i o n  o f  

t he  vowe1.The f i gu res  show 

dura t ion  computed by  ava ras  

ging the dura t ion  ob ta ined  

f r o m  var ious  samples o f  a l l  

t he  speake rs  in CVC and VCV 

con tex t .The  fo l low ing  o b s e d  

r v a t i o n s  w e r e  made f r o m  

t h i s  t a b l e .  

a)Duration gi the Gap/VB 

Unv.  unasp  > u n v . a s p  > 

v o i c e d  unasp > vo i ced  a s p  

B i l a b . )  V e l a r  > Dental  > 

r e t r o f l e x  

b ) D u r a t i o n  gg A s p i r a t i o n  

V o i c e d  A s p .  >) unv.  a s p  

(Nea ry  same f o r  al l  

p l a c e s  o f  a r t i cu la t i on )  
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c)Duration gi the B u r s t  

V o i c e d  A s p . )  Voiced unasp.> 
unv. asp > unv.unasp. 
Velar > Retroflex ) 
Dental > Bilabial 

d)Voice onset time 
Asp. > un. asp. 
Velar > Retroflex > 

Dental > Bilabial 

It is also o b s e r v e d  

t h a t  the rate of first forn 
mant transition is much his 
gher than the rate of secoe 
nd formant transition. 

The rate,direction and 
target frequencies of adjus 
scent v o w e l s  p l a y  a m a j o r  

role in the classification 
of c o n s o n a n t s .  

Target freguencies 

The target f r e q u e n c i e s  

of the s e c o n d  and third fon 
rmant of vowels obtained 
with different c a t e g o r i e s  

of c o n s o n a n t s  are shown in 
table2. .These values are 
obtained by a v e r a g i n g  the 
initial as well as final 
values of CVC ans VCV syll— 
ables.It may be o b s e r v e d  

f r o m  this table that the 
target frequencies ofsecond 
and third formants for the 
consonants  b e l o n g i n g  to din 
fferent places of articulan 
tion are quite different. 
However, the target frequee 
ncies of fourth f o r m a n t  are 
not so distinct.It reflects 
m o r e  the characteristic of 
an speaker.In the case of 
retroflex sounds, the third 
formant indicate two diffea 
rent target frequencies in 
the VC and CV c o n t e x t s .  In 
the former case the third 
formant m e r g e s  with the sea 
cond formant whereas in the 
latter case there isa break 
in the third formant. 
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R a t e  gi Formant 

Transitions 

The average rate of 
formant transitions are 
much higher for the first 
formant as compared to the 
second and third formant 
transitions. 

Fondamental Frequency 

Measurements of fundae 
mental frequency o f  differ— 
ent segments of CV and VC 
syllable h a v e  shown 
that the F of a voiced 
plosive is higher than that 
of the v o i c e d  aspirated 
plosive. Similarly F d u r i n g  

v o i c i n g  of plosion is much 
less than voicing during 
the v o w e l  articulation. The 
fundamental frequency of 
the vowel i n  a CV syllable 
is higher than that in a VC 
syllable. The v a l u e  of F of 
the vowel f o l l o w e d  by an 
u n v o i c e d  p l o s i v e  is higher 
than the value obtained 
with voiced plosive. In the 
former case there is an abs 
rupt rise.This feature can 
work as a landmark (Cue)for 
i n d i c a t i n g  the p r e s e n c e  of 
v o i c e d  o r  u n v o i c e d  

c o n s o n a n t .  

C o n c l u s i o n  

The results o b t a i n e d  in_ 
the above experiments show 
that the stop c o n s o n a n t s  

p o s s e s s  some special and 
distinctive acoustic featun 
res.These can be classified 
on the basis of the 
features mentioned in t h e  
above results. 
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dh gh 

T h i r d  F o u r t h  

Formant Foruant 
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+ 36001100 
2100 ...(ICDVO, 

\800 +. tag) 
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