ACOUSTIC PHONETIC AND

PROSODIC CORRELATES

OF HINDI STOP CONSONANTS

Agrawal Shyam

CENTRAL ELECTRONICS ENGINEERING RESEARCH
INSTITUTE CENTRE, NEW DELHI, INDIA.

ABSTRACT

This paper preseats the
result of some studies oua
acoustic correlates of seg-
mental and prosodic featu-
res of Hindi stop consonaas
nts,.The parameters havebeen
used to classify the coanso-
aants accordiag to their
articulatory manner aad pl-
ace of production and also
used to synthesize them us-
ing a syathesis by rule te-
chaique,Sixteen plosive so-
uads(voiced, uavoiced, asp=
irated, wunaspirated) were
recorded in CVC aad VCV sy-
llables wusiag vowel /a/ by
ten standard male speakers.
The spectral analysis was
doune using a souad spectro-
graph, the FFT/LPC analysis
programme aad the micropro-
sodic feature analysis pro-
grammes.The latter analysis
was doune on a PC(AT) with
adequate facilities of A/D
and D/A coaversion.The seg=
mental acoustic characteri=
stics such as formants auad
thier traasitions with adj-
uscent vowels(within each 8
or 10 msec frame.),bandwid=
ths, gap(with/without voic~
ebar),burst frequency,aspi-
ratioa noise etc., and the
prosodic characteristics
such as variations 1a dura-
tions,fundamental frequeuncy
and amplitude were deters
mined.

The iadividual sounds
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have beeu specified oa the
basis of distinctive acous-
tic characteristics aad cl-
assify into various catego-
ries such as V/UV,Asp/Unasp
etc. These <characteristics
have been very wusefull in
syathesizing Hindi words us
ing a digital formant synt-
hesizer based om syanthesis
by rule technique.

INTRODUCTION

The study of acoustic
phonetic and the prosodic
charateristics 1s essential
to understand the basic na-
ture ofthe speech sounds as
well as to simulate aud to
develop automatic speech
recogaition and syathesis
systems. These charaterist-
ics of speech are highly
language depeandeat and vary
considerably from one coate
ext to another coantext.The-
refore a data base of the
acoustic charateristics re-=
flecting the segmental aad
suprasegmental charactetris-
tics of speech souands s
required for a spoken laang-
uage uander study.

The perseant paper des-
cribes results of some stu-=
dies coaducted to study the
acoustic correlates ofHindi
stop cousouants which descse
ribe their phonetic and pr-
osodic features.,

Hindi Stop Consonants

Hindi stop consonants,
ualike many western spoken
languages are distinguished
by the features of aspirats
jon as wellas voicing.There
are four distinct places of
articulation to produce
them.Depeading upon the pla
ace and manner of articulas
tion, the consonants can be
classified as shown intable
1. The paletal sounds are
produced with retroflexion
and heance they could be cla
assified as retroflexes
also.

Procedure

These sixteen stop co=
nsonants were combined with
vowel fa/ to form CVC type
as well as VCV type syllab-
les. In CVC syllables, the
final position of the syll-
able VC was kept the same
and ounly initial cosonant
was changed (e.g.pal,bhal
etc.)whereas in the case of
VCV syllables,the vowel /a/
was kept the same inthe in-
itial as well as final pos-
ition., These were recorded
by 10 male speakers in
a studio.

The analysis of the
utterances were done usiuag
a sound spectrograph as
well as a computer Thaving
A/D and D/A facilities. The
sigaal processing software
used for the analysis iacls
uded FFT/LPC etc. Acoustic
features such as formant
frequencies and thier trans
sition, fundamental freque-
ncy aad duration of differ-
ent segment of sounds were
computed. The time varying
display of suprasegmental
features of the wutterances
was obtained using a SNDSYS
programme and a prosodic
analyzer(Iast.of Phonetics,
Aix<en Provence). Micropro=
sodic details such as varis
ations iu the fundamental
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frequency and amplitude was
determined from these
displays.

Results

The sonogram of the
CVC and VCV syllables for a
given speaker containing
consonant t, th, d, and dh
are shown in figurel.It may
be seen from these displys
that there are distinctive
acoustic features which can
be wused to classify them.
The aspiratioan noise assos=
ciated with th is different
from the aspiration  noise
associated with d. In the
latter case amplitude of
turbulance has superimposed
upon it and voicing contin-
ues through out the spectr=
um, Similarly there are di-
fferences in the nature of
plosive burst, voicebar and
the formant transitions.

Durational Characteristics

The duration of diffen
rent segments related to
consonatal features hovebeen
oanalgzed The features sen
lected for measuring duras
tion include the ©plosive
gap/voicebar, the burst,as-
piration, vowel transition
and the steady portiom of
the vowel.The figures show
duration computed by avaran
ging the duration obtained
from various samples of all
the speakers ia CVC and VCV
context.The following obsex
rvations were made from
this table.

a)Duration of the Gap/VB

Unav. ugasp > unv.asp >
voiced unasp > voiced asp
Bilab.> Velar > Dental >
retroflex

b)Duration of Aspiratios
Voiced Asp. >> unv,., asp
(Neary same for all

places of articulation)




c)Duration of the Burst

Voiced Asp.> Voiced unasp.>
uav, asp > unv.unasp.
Velar > Retroflex >

Deuntal > Bilabial

d)Voice onset time
AsSp. > un. aspe.

Velar > Retroflex >
Dental > Bilabial

It 4is also observed
that the rate of first for-
mant transition is much hi-
gher than the rate of seco=
nd formaat trausition.

The rate,dfrection aand
target frequencies of adjus
sceut vowels play a major
role 1in the classification
of coasonants,

Target frequencies

The target frequencies
of the second aad third fo=
rmant of vowels obtained
with different categories
of cousonants are shown in
table2. .These values are
obtained by averaging the
initial as well as final
values of CVC ans VCV syll-
ables.It may be observed
from this table that the
target frequencies ofsecond
and third formants for the
consonants belonging to din
fferent places of articulas
tion are quite different,
However, the target frequee
ncies of fourth formant are
not so distinct.It reflects
more the characteristic of
an speaker,lan the case of
retroflex sounds, the third
formant iadicate two diffen
reat target frequencies in
the VC and CV contexts. 1Ia
the former case the third
formant merges with the ses
cond formaant whereas in the
latter case there isa break
in the third formauat,
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Rate of Formant
Transitions

The average rate of
formant traasitions are
much higher for the first
formant as compared to the
gsecond aad third formaat
transitions.

Fundamental Frequency

Measurements of funda=
mental frequency of differ-
eat segmeunts of CV aad VC
syllable have shown
that the F of a voiced
plosive is higher than that
of the voiced aspirated
plosive. Similarly F durinag
voicing of plosion is much
less than voiciag during
the vowel articulation, The
fundamental frequency of
the vowel in a CV syllable
is higher thaan that ia a VC
syllable. The value of F of
the vowel followed by an
uavoiced plosive is higher
than the value obtained
with voiced plosive. In the
former case there is an ab+
rupt rise.This feature can
work as a landmark (Cue)for
indicating the presence of
voiced or unvoiced
coasonant.

Conclusion

The results obtained in

the above experiments show
that the stop consonants
possess some special aund
distinctive acoustic featus
res.These can be classified
on the basis of the
features mentioned in the
above results.
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BITablal Deatal Retroflex Velax
. k
Uaasp uav. P t t
Unasp voiced b d [ 8 g
i kh
Asp. unv. ph th Sh !
h
Asp. volced bh dh dh g
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