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ABSTRACT

In the present study various durations of closure, preceding
vowel etc. have been studied in meaningful Hindi two
consonant cluster words with stop consonants (such as
/saptaly (week) and /fA bd (word)). The data included 80

most ffequently occurring clusters of Hifidi language. All these

words were recorded by five male speakers and analysed
using the Sensimetrics speech station software package. The
analysis showed some very interesting features of the clusters
such as closure duration of the clusters is found to play a very
important role for the different categories of stop consonants.
Further the duration of the voice bar and the vowel preceding
the cluster (-CiC;) is shortened in a cluster words as
compared to that for a non-cluster word.

1. INTRODUCTION

The present paper describes an experiment conducted to study
the duration of consonant clusters for Hindi language.
However such efforts have been made by the researchers of
other languages e.g. Swedish (5), English (3,6), Arabic (2) and
French (1,7). These studies were conducted to study the
compression effect undergone by the vowels and consonants
during the occurrence of the cluster. And to define rules which
could be used for the synthesis of these words.

Lindblom (5) noted a 15 ms decrease in the duration of the
adjacent vowel for the three consonant cluster /str/. This
decrease in the duration of the vowel was independent of
whether the cluster was pre or post vocalic. He also found that
the length of the consonant segments decreases as the cluster
size increases. The position of a cluster in a word was also
found to have an effect on its duration Consonant clusters
were found longer in word fina] than in word initial position.

The shortening of the vowel/consonant was also studied by
Haggard (3) and Klatt (4). Haggard found that /t/ in "cot" was
21% greater than that in "cost". Klatt showed that a prevocalic,
isolated /s/ has a duration of 152 ms, whereas the /s/ in /st/ and
/str/ has a duration of 110 ms and 102 ms respectively.
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This systematic shortening of the cluster consonants has been
interpreted in different ways. Klatt (4) and Haggard (3)
explains this shortening duc to physiological factors, the
anticipation of the consonants is thought to lead to an
acceleration in the speech rate. In one of our earlier studies
(11) we have shown that gemination (when the two
consonants are same) affects the duration of the vowel
preceding the geminated stop as well as the closure duration.

Keeping all these facts in mind the following experiment was
conducted to anlayse the Hindi consonant cluster words and
form rules for their synthesis, which will be incorporated in

.the Text to Speech system being developed for Hindi language

(16).
2. MATERIAL

Most frequently occuring cluster words were selected out of a
data base of 250,000 Hindi words. The data base showed that
in Hindi language clusters are found in three positons of a
word i.e. initial, medial and final. We wanted to take the

Stop-stop cluster combinations | No. of words for each
category
mt, Kk/ T7x2=14
fop/, 1t 6x2=12
hot, 1, At/ Kt/ 5x4=20
/dd"/ 4x1= 4
fot/, ov/, 1ad/, /db"/, At Jdd/ 3x6=18
fod/, 1o, 1dg, Igg], (kK'Y 2x5=10
1eg't, /g 1x2=2
Total 22 combinations 80 words

Table 1: Stop-stop cluster combinations and number of words
in each category.

samples of all possible stop-stop consonant cluster
combinations, but in Hindi language so many stop consonants
do not form cluster combinations. Further we decided to take
only sensible words, reason being that the acoustical
properties of the speech sounds highly depend on the dialectal
background of speaker. This way we had a total of 80 cluster



words which included 54 words with cluster in the medial
position and 26 words with cluster in the final position. There
were no words in our data with cluster occuring in the initial
position. Table | shows the stop-stop cluster combinations and
the number of words in each category which were chosen for
the present study.

3. ANALYSIS PROCEDURE

Five adult male speakers, with normal speech articulation
recorded the speech samples. All the speakers were bilingual
in the sense that they had Hindi educational background
atleast upto senior schooling. All the cluster words were
randomized to avoid contextual effects which would be
associated with an unvarying order and then recorded on a
TEAC cassette deck (model C-2X) using Sennheiser
microphone (Model MD421). The recording was done in the
+ free field of the- partially -acoustic- treated room. All the
recorded words were filtered at 70Hz - 7KHz and then
digitized at 16 bit, 16k samples per second using Ariel's DSP-
16 card on a PC-AT 486. The speech samples were analysed
using a Sensimetrics speech analysis package to obtain the
audio wave form and spectrograms etc.

4. RESULTS AND DISCUSSIONS

4.1, Closure Duration:

The results of closure duration are presented in the form of
rules in Table 2. Closure duration plays an important role for
the differentiation between the various categories of stop
consonant cluster words. It has different values for different
places of articulation. It was found to have greater values for
all the categories of Unvoiced stop cluster words as compared
to that for the Voiced stop cluster words.

Cluster Combination No. of | Closure Duration
Samples (insec)
Same Unvoiced Stops 25 199
Same Voiced Stops 11 166
‘Different Unvoiced Stops 17 197
Different Voiced Stops 04 152
UVUA-UVA 11 166
VUA-VA 12 148

UVUA: Unvoiced Unaspirated, UVA : Unvoiced Aspirated
VUA :Voiced Unaspirated ; VA : Voiced Aspirated

Table 2: Closure durations for the different categories of stop-
stop consonant cluster words.

For the same unvoiced stop clusters the closure duration was
greater by 17% as compared to that for the same voiced stops.
Similarly it had greater value of closure for the different
unvoiced stop clusters by 15% than that for the different
voiced stops. Further the closure duration for UVUA-UVA
combination was greater than that for the VUA-VA

combination by 9%. There is an overall difference of about
17% betwen the values of closure for the Unvoiced and
Voiced stops, former being the greater.

These results about the closure duration are in agreement with
the earlier findings (8, 9, 10) in the sense that the closure
duration for unvoiced stops are longer than that of voiced.

4.2  Preceding Vowel Duration

The duration of the vowel preceding the cluster (-C,Cy) was
found to be affected. Vowels preceding the cluster were
shortened by about 10 to 15 msec as compared to the situation
when there is no cluster (e.g. /satkar/ and /sakar/). This could
be due to the fastening of the speech. While speaking a cluster
word articulators move very fast and stress is put on the
following portion of the cluster.

Further the vowels before the voiced stop were found to have
larger values. This tendancy is found in several other
languages (11, 12). The magnitude of the difference of the
present study is congruent with that in most of the languages
except English In English the vowels before the voiced
consonants can be as much as 50% longer than before
voiceless. It is widely believed that this aspect of vowel
duration is phonologized in English i.e. is not strictly a
phonetically based effect (except that it may be a phonolodized
exaggeration of an original phonetic effext (13, 14).

4.3 Voice Onset Time

The voice onset time (VoT) was measured for the second stop
consonant of the cluster (C\Cy) i.e. for C; and compared with
its VOT in the non-cluster word. The VOT of the consonants
in cluster words was found to have greater values than that for

the non-cluster words.

Cluster VOT in Cluster VOT in non-cluster
Combination’ (msec) (msec)
/-pt-/ 15 10
/-tp-/ 16 Burst not found for /p/
J-tk-/ 29 15
I-kt-/ 20 16
/-bd-/ 12 07
I-dg-/ 30 09

Table 3: Comparison of Voice Onset Time in clusters and
non-cluster words.

Further the VOT was very large for the velars, however it may
be, because for velars most of the time two bursts were
observed and the VOT was measured form the onset of the
first burst. The difference between the VOT values of /K/, /g/
and /d/ for cluster was double and some time more than double
as compared to that for non-clusters. These results are shown
in Table3.



4.4 Other Observations

An interesting phenomenon was noted for those stop-stop
consonant clusters, which differed in their place of articulation.
An additional burst/spike of duration less than S s, occurred
in the middle region of the closure, otherwise there was no
such additional burst in the closure. This is shown in Fig. 1,
here we have two words /slkka/ and /tatpar/ . In case of the
words like /slkka/ where the two consonants are same the
additional burst was not observed in the closure, However for
/it par/ where the two consonants (C,C;) differ in their place of
articulation the additional burst can be seen in the closure.

This burst may be due to the shortening of the cluster
¢onsonant. And this shortening phenomenon may be attributed
due to the physiological factors; the anticipation of the
consonant(s) is thought to lead to an acceleration in the speech
rate, resulting shortening of the consonant.

For such cases where the additonal burst was observed the
closure duration was noted on both sides of the burst i.e. for C,
as well as C,. The results show that these stop consonants
when occur in a cluster word have different closure durations
as compared to that when occur in a non-cluster word. This
duration also seems to depend upon the position of the cluster
in a word.
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: Figure 1: Spectrograms of words / tatpar/ and /slkka/ showing the fact that an additional burst is observd when the |

. two consonants of the cluster differ in their place of articulation.
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Figure 2: Spectrograms of /kaga/ and /kagga/ indicating that the voice bar is shortened by 15-20 msec in case of
the cluster/geminate words whereas it remains through out the closure of a non-cluster/non-geminate word.



These results are shown in Table 4. For example the closure
duration of /p/ while occuring with // at C, or C; position is
decreased as compared to that in a non-cluster word. Sumilarly
/k/ has a reduced closure duration at both positions i.e. C] as
well as C; while occuring with #/. However in case of /t/ the
closure duration is decreased at C; position and increased at C;

position while occuring with /k/.
Non-Cluster | CD Cluster C D (msec)
(msec) Ci Cy
p/ 125 /-tp-/ 95 107
il 100 /-pt/ 110 130
13 110 /-tk+/ 98 070
It/ 55 193

Table 4: Closure durations for those stops for which an
additional burst was observed in the closure.

Another interesting feature which seems to be of particular
importanxisthatincaseofthevoicedstopclustersthe
voicing was found to have ceased by 5 to 20 msec prior to the
stop release. However in case of the noncluster words the
voicing is found throughout the closure. This effect can be seen
in Figure 2 where the spectrograph of the words /kaga/ and
/kAgga/ are shown.

5. CONCLUSIONS

The following conclusions can be made on the basis of the
above study: -

(1) The durations of the vowel preceding the cluster is
reduced.

(2) The closure duration is differently effected due to
clustering depending upon the different places of articulation.
(3) When the two consonants of the cluster differ in place of
articulation, an additional burst is observed in the closure.

(4) VOT of a stop consonant is more in a cluster word as
compared to non-cluster word.
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