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CHAPTER-I

INTRODUCTION

In recent times fifth generation computers are being extensively used
to enhance speech communication. It includes automatic speech recognition and

speech synthesis for which a database is needed.

Database is a collection of data used for a specific purpose. The data base
can be phonetic, acoustic phonetic, prosodic or al of them. It can be for a
limited vocabulary or unlimited vocabulary. Database provides information on
normal segmental and suprasegmental features and thus helps in better
understanding of the speech production system. It helps in developing
synthesizers meant for text to speech synthesis and it aids in automatic speech
recognition. World wide there have been many databases which have been
developed in various languages for the purposes mentioned above. Some of
them are specificaly made for telephone use. The databases-  developed in
European languages are EUROM - a multilingual European speech database and

IRIS - speech database etc.

Databases which are developed in English languages are many. For
example Oxford acoustic phonetic database, ATIS - 2, MADCOW Speech

Corpus etc.

For telephone use aso these databases are used.Few of these kinds of

databases are Australian English Telephone speech database, King speech



database, Annion database etc. Database for the purpose of speaker identification

are also available like King Speech Data base.

Each language has its segmental and suprasegmental characteristics based
on which database is made available which is then used for text to speech
conversion in that language. The database of one language cannot be used for
another language as the segmental and suprasegmental features vary across
languages. For example, English is based on phonemic unit, but few of the Indo-
European and Dravidian languages are based on syllabic unit. Hence database

available in English language cannot be used for these languages.

In Indian context, accountable number of databases are available like in
Kannada (Savithri, 1994) and Hindi (Zero to nine by Agrawal, 1992). But most of
the time only limited units of speech have been concentrated for the data. In this
context, the present study was planned. The aim of the study was to develop
dynamic acoustic segmental database in Hindi language. Specificaly the database
will be made by acoustically analyzing one hundred and five meaningful Hindi
words. Two spectral and nine temporal parameters will be extracted using the

VSS software.



CHAPTER II

REVIEW OF LITERATURE

A data base is a collection of data used for a specific purpose. The data
base can be @) phonetic b) acoustic phonetic c)prosodic or al of them. The
database can be speaker dependent or spesker independent. The speech
recognition systems developed from database can be for limited

vocabulary / small vocabulary or large vocabulary.

A data base follows the segmental and supra segmenta features of the
language and hence a data base of one language cannot aways be used for
another language. To develop detailed phonetic knowledge, speech data base are
accessed according to linguistically meaningful principles.  Various methods
have been developed like the one used by Carlson and Granstrom (1985) who
focussed on generative rules which formed the integral part of the data base

management.

The first step to create the data base isto record and label speech. Speech
data is stored in sentence sized files. Carlson, Granstrom and Hunnicutt,1982
used text to speech system to create a phonetic transcription of the utterances.
This transcription is edited to match the pronunciation as good as possible. A
phoneme can be transcribed by one or two character Stress level is marked by
gpecia signs.  Additional markers like syntactic boundaries can be added if

needed.
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Figure 1 :Block diagram illustrating creation of database

The phonetic transcription is used by an automatic segmentation program
(Blomberg and Elenius,1985) to distribute the phonetic labels along the wave
form. The segmentation program gives an estimate of time positions of each
phoneme. When a detailed andyss should be done, the labels have to be
checked and corrected. This is done with by means of a wave form editor
program, which is a general purpose program for labeling and editing sample
files. It is able to handle multiple channels. Example, means of the joystick
sample can be labeled and labels can be changed. These can be used to edit the
waveform, to include waveforms from other recordings, to delete parts of it, and

to do scalings of amplitude.



The data base is accessed by means of rules. By a brief rule statement,
speech segments meeting the specified contextual conditions can be identified.
The rule structure is smilar to the notation used in generative phonology and is
aso used in the text to speech system inventory and the features that are
associated to each phonemes. A selection file specifies which label files
form the data base. The labd files are read into the program one by one. The
control file contains the phonetic transcriptions with the star positions marked
(*). Each star is then decoded into a control line including the wave form file
name, the specified parameters and the name of the phonetic symbol that follows

the star.

Spectral analysis:

A spectra analysis is done and the histogram is calculated for the energy
distribution at each point along the frequency axis. These histograms are
connected into a contour spectrum, each line representing 10 percent of the
distribution.  The spectrum is more condensed at low compared to high
frequency indicating that the glottal source has a steeper slope for low effort
whereas the amplitude of the voice is relatively independent ol effort. We can
observe how constant each phoneme is realized, and coarticulation effects can be

searched for.

In the rule system, a classfier is used to group duration data on vowels
depending on the stress level, phonologica length, and whether the vowel is

followed by an unvoiced stop or not.



Duration relations and prediction of durations :

Normally, when duration is studied, relation between phonemes is given
more interest than the absolute duration. The inherent duration of each

consonant category plays an important role.

The popular and successful method used to provide the database for the
sounds so as to enable synthesis and text to speech conversion is spectrography.
To use the database, phonemes which are of interest to be synthesised are
selected. The environment (preceding and the following phonemes) in which the
phoneme has to be synthesised is noted and the experiments needs to specify
whether the phonemes have to be synthesized for male or femde subjects.
Depending on this ,the values of the parameters are selected. We can select any
parameter depending on the kind of synthesizer we have to effectively synthesise

a speech sound.

One of the mgor tasks in the text to speech synthesis is to provide a voice
input / output capability. In order to achieve this ,acoustic (segmental and
suprasegmental) data in different languages is essential. To utilize the computers
for Indian languages, acoustic data for the same is required which would
facilitate automatic speech recognition, speaker recognition and speech synthesis.

The acoustic data is extracted by recording speech and using softwares.
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Fig 2. System for acoustic feature extraction.

Figure 2 provides a system for acoustic feature extraction. The obvious
way to provide speech output from computers is to select the basic acoustic units
to be used, record them, and generate utterances by concatenating together
appropriate segments from this pre-stored inventory. The basic units can be

whole sentences, words, syllables or phonemes.



If real speech is connected, there are few gaps between words.
Coarticulation, where sounds are affected by those on either side, naturally
operates across word boundaries. The time constants of coarticulation are
associated with the mechanics of the vocal tract and hence measure tens or
hundreds of milliseconds. Thus the effects straddle severa pitch periods 100Hz
(pitch has 10msec period) and cannot be simulated by smple interpolation of the
speech wave form. Prosodic features, notably pitch and rhythm, span much
longer stretches of speech than single words. Word to word coarticulation and
the essential features of rhythm and intonation can be incorporated if the stored

words are coded in source filter form.

Witten (1982) noted that the ultimate in economy of inventory size, is to
use phonemes as the basic unit. This makes the most crucial part of the task
interpolation between units, rather than their construction or recording. With only
about forty phonemes in English, each one can be examined in many different
contexts to ascertain the best data to store. It is most appropriate that data be
abstracted from severd different realizations rather than an exact record made of

any one.

If information is stored about phonological units of speech, phonemes, the
difficult task of phonological-to-phonetic conversion must necessarily be

performed automatically.



AVAILABLE SPEECH DATA BASE :

1) ESTONIAN SPEECH DATA BASE :

Estonian speech database was developed in the framework of the
EUCOPERNICUS project. "BABEL - A multi - language database” in 1995-
1998. The database includes a short description of the Estonian sound system,
systematic text corpus consisting of several parts (consonant - vowel - consonant
units, numbers, isolated sentences, 5 sentence passages) and the recorded speech
sgnas. In recording the database, 70 speakers (35 made and 35 femde) of
different age groups participated whose pronunciation was in accordance with
the norm of standard Estonian. Thus the database represents the Estonian
pronunciation norm of the end of the 20" century. The database includes 12
hours of high quality speech material on three 3D-ROMs. The database will be
used for the phonetic and phonological research of Estonian as well as for

developing and testing the system of speech synthesis and recognition.
2) OXFORD ACOUSTIC PHONETIC DATABASE :

It contains data on vowel - consonant and consonant vowel combinations
in both stressed and unstressed locations. The language covered include French,
German, Hungarian, Italian, Japanese, British English, Spanish and English. It is

available on compact disc.
3) EUROM - A MULTILINGUAL EUROPEAN SPEECH DATABASE :

It is the first European redlly multilingual speech database. It has

equivaent corpora for each of the languages, same number of speakers selected



SAM format compatible - databases, as the French BD SONS and EUROM 1

French part, and the ten other parts of EUROM 1 could be included as well.
4) THE EMU SPEECH DATA BASE SYSTEM :

EMU is a collection of software tools for the creation, manipulation and
analysis of speech databases. At the core of EMU is a database search engine
which allows the researcher to find various speech segments based on the
sequential and hierarchical structure of the utterances in which they occur. EMU
includes an interactive labeler which can display spectrograms and other speech
wave forms, and which alows the creation of hierarchical, as well as sequential,

labels for a speech utterance.
5) README FOR THE ATIS-2 MADCOW SPEECH CORPUS:

The ATIS -2 corpus is a4 - cdrom (1993) set containing recordings of
spontaneous speech from 453 speakers, collected a six different research

|aboratories around the United States.

The text data includes the labds of arline travel information and
associated material used to build the relational data base, which was used to

provide answers to the verbal request of the speakers.

The documentation (contained in the "doc" directory on this disc)
includes the specifications for the directory organization of the corpus, and for
the internal format of the wave form files and varies annotation files. It also
provides information on the speakers, the techniques for data collection and

evaluation.



in same way and recorded in the same conditions with common file formats.
Initially eight European countries have made recording: Italy, United Kingdom,
Germany, Netherlands, Denmark, Sweden, Norway, France.  Additional

recording have been then completed in Greece, Spain and Portugal.

The recording was done with the sampling rate of 20kHz and codage of
16 bits. All recordings were done in an anechoic room and according to common

recording protocol dl filesin SAM format.

Corpora:

40 passages (five thematically linked sentences each)

. 50 patching sentences (in order to cover some language specificities)

. "Logatomes" : 82 CVC (combination of consonant + vowel + consonant)
variation of initial and final consonant with vowels (a, i, u). these

"logatomes" are pronounced with and without context (5 different context).

. Words (isolated), from the five context

*  Numbers : 5 x 20 numbers (between 0 and 9999) covering al phonotactic

possihilities if the number system.
Speakers:

30 male and 30 femde (b/w 20 and 60 years old) data from the French
part of EUROM 1 are integrated in the multibase multilingual speech data base
management system GERSONS, which is a PC - software based on KMAN

RDMS (knowledge man from DBMS company). This software manages all

10



SAM format compatible - databases, as the French BD SONS and EUROM 1

French part, and the ten other parts of EUROM 1 could be included as well.
4) THE EMU SPEECH DATA BASE SYSTEM

EMU is a collection of software tools for the creation, manipulation and
analysis of speech databases. At the core of EMU is a database search engine
which allows the researcher to find various speech segments based on the
sequential and hierarchical structure of the utterances in which they occur. EMU
includes an interactive labeler which can display spectrograms and other speech
wave forms, and which alows the creation of hierarchical, as well as sequential,

labels for a speech utterance.
5) README FOR THE ATIS-2 MADCOW SPEECH CORPUS :

The ATIS -2 corpus is a 4 - cdrom (1993) set containing recordings of
spontaneous speech from 453 speakers, collected at six different research

|aboratories around the United States.

The text data includes the labels of arline travel information and
associated material used to build the relational data base, which was used to

provide answers to the verbal request of the speakers.

The documentation (contained in the "doc" directory on this disc)
includes the specifications for the directory organization of the corpus, and for
the internal format of the wave form files and varies annotation files. It aso
provides information on the speakers, the techniques for data collection and

evaluation.



6) ENTROPIC LATINO 40 SPEECH DATABASE BY BERNSTEIN(1994) :

It was developed by Grundy, Bernstein, Rosenfeld, Ngmi & Mankoski
(1994). Entropic research laboratory designed the Latino 40 database to provide
a set of recording for training speaker independent system that recognize Latin -
American Spanish. The data base comprises about 5000 utterance files. These
files include about 125 utterances from each of 40 different speakers, 20 maes
and 20 femaes. The recordings were al made with a high quality head mounted
microphone (Shure SM 10A) in an office environment, and the utterances were

digitized in 16 bit samples at 16kHz.

The material consisted of 13000 sentences that include a number of
anomalous or ambiguous forms. The sentences are al shorter than 80 characters,

and are not grouped into larger constituents like paragraphs or stories.

The speakers were adults, ranged from 18-59 years of age and were native

speakers of Latin American Spanish.

7) THE IRIS SPEECH DATA BASE :

The IRIS database contains speech samples from approximately 100
languages and from variants of Swedish spoken by severa ethnic minorities
resding in the country. This data base is meant to provide an easly accessible
reference material for cross language studies in phonetic typology and the

phonetics of Swedish an a second language.



8) CASTRO SPEECH DATA BASE :

It is a database containing the full text of English translations of speakers,
interviews and press conferences by Castro. These records are in the public

domain.

9) LINGUISTIC DATA CONSORTIUM (LDC) :

It provides a very wide range of speech and text data to research and

commercia users.

10) JAPANESE SPEECH AND TEXT CORPORA (1997) :

It is a continuous speech corpus for research in 7 CD-ROMs. It consists of

ATR PB sentences, 9600 sentences and read speech.

There are other databases like BUPT SPOKEN DIGIT DATABASE IN

CHINESE UNIVERSITY and VICTORIA PHONETIC DATA BASE.

13



TELEPHONE DATABASES

1) AUSTRALIAN ENGLISH TELEPHONE SPEECH DATA BASE:

It has been offered by Call data base Ltd. It is a 1000 speaker fixed
network telephone speech database for Australian English recordings from 1000
male and femde speakers from across Australia include a series of items suitable
for development of a broad range of telephone ASR services. The speaker
demographics reflect the geographical distribution and ethnic diversity of

Australian citizens.

The data base is in speech data (I1) format and comprises over 46,000 A-
law encoded speech files recorded via ISDN lines, orthographic annotation for
each utterance, and a SAMPA encoded pronounciation lexion. It has been

validated by SPEX.
1) ANNION DATA BASE :

The speech data base was collected over the fixed telephone network for
the purpose of automated tele services. It consists of typical application words

and sentences.
2) KING SPEECH DATA BASE :

The KING corpus was created for research in the area of speaker
identification. There are 26 Diego speakers (and 25 New Jersey speakers). All
speakers are male. Each session was recorded in both awide band and a narrow
band channel. The narrow band channel represents speech that was passed

through a standard telephone handset, transmitted through a local telephone

14



exchange to along distance service and back to the local exchange, then recorded
from an analog telephone patch. The wide band channel represents the same
utterance, recorded using a high quality microphone that was mounted on the

telephone handset.

Both channels are digitized a 8kHz with 16 hit linear samples.Each
speaker/session wave form file consists of about thirty seconds of actual speech

of the person speaking on one of the following assigned topics -
1. construction toy task
2. describing odd shapes
3. topic of speakers choice
4. road rdly task
5. describing photographs
6. describing cartoon strips

Nataraj, Savithri, Venkatesh and Rohini (1990) took fifteen subjects
and andysed the spoken form of the Hindi to collect information on acoustic
features of Hindi sounds, which acted as input to the designing a speech to text
system for isolated utterances of characters of Hindi alphabet. The speech
recognition system/speech to text system was developed to provide therapy and

teaching speech and language to the hearing handicapped.

The parameters measures were vowel duration, word duration, burst
duration voice onset time, closure duration, range of burst frequency,

fundamental frequency, formant frequencies (1-3), energy levels of formants,

15



bandwidths of formants, speed of transaction, transition duration and range of

transition.

Savithri (1994) developed database for plosives in Kannada. Twenty
nine meaningful kannada words with al the plosives - /k/, /K", Ig/, Ig", It/, It\
1o, 1, e, 1% adl, 1d, Ipl, 1p", Ibl and /b were selected. Three adult males,
one adult female and one child uttered these words four times. All these words
were audio recorded and seven selected parameters and six temporal parameters
were measured using spectography and wave forms. Totaly 1508 tokens were
measured for each subject. The parameters chosen were closure duration, burst
duration, aspiration duration, voice onset time, transition duration for al three
formants, speed of transition of the three formants, duration of the stop
consonant, preceding vowel duration, termina frequency (FI - F3), fundamental

frequency changesfrom vowel to plosive.

Agrawal (1992) developed the database for the Hindi language for the

digits from zero to nine.

The review indicates wide data base for non-Indian languages mostly
European and English. The Indo-European and Dravidian languages are
different from the European languages. If one wants to have a speech
recognition system or a text to speech system, it is essentia that acoustic
phonetic and prosodic data base are available in these languages. Though an
attempt was made by Nataraja et al (1990) to prepare a database for Hindi it is
incomplete in its nature. In this context the present study aims to make an

acoustic phonetic data base for Hindi.

16



CHAPTER I11

METHOD
Material:

It consisted of one hundred and five meaningful Hindi words with ten
vowels, fifteen plosives, four affricates, three nasal continuants, four fricatives,
one lateral, one trill and one semi vowel in the initial, medial and fina positions.

The word list is shown intable 1.
Subjects:

Two native Hindi norma speakers (one mae and one female) of 22 years
of age participated in the study.
Procedure:

The words as written one each on a card were visualy presented to the
subjects. They were instructed to read the word on to a microphone (H Legend)

kept at a distance of 10 cms from the mouth. The words were audio recorded on

to a cassette (Meltrack 60) using Sony stereo cassette deck TC-FX 170.
Acoustic analysis :

Using the SSL software (voice and speech systems, Bangalore), the
words were digitized at a sampling rate of 16000 Hz using a 12 bit A/D converter
and stored into the computer memory. Using the waveform display and wide

band spectograph of the SSL software, the following parameters were extracted.

17



Vowel Description \Word initial| Word medial (Word final
lal Low mid vowel(short) ana.r E -
la:l Low mid vowel(long) am ana.r pakoda:
lil Front high vowel(short) imli dalija -
/i:/___|Front high vowel(iong) K" mani:( .
u/ Back high vowel(short) ullu; anudz- tanu
Jul back high vowel(long) u:n tau:dz,f ullu
lel Front mid vowel(short) ek anek pake
1=l Front mid vowel(long) 2Enek - -
Jol Back mid vowel(short) ok"ali: manod karo
12/ Back mid vowel(long) Jrat pakyda Is
Plosives
K/ velar unvoiced unaspirated plosive kul maka:n tapak
K'Y velar unvoiced aspirated plosive kha:na tf ark'a ik"
g/ velar voiced unaspirated plosive gadi magar dzag |
/g"/  |Velar voiced aspirated plosive g"ar meg"a: meg”
i) Retroflex unvoiced unaspirated plosive, ta:l tamatar palat
A"l [retroflex unvoiced aspirated plosive | t"at’era t'at"era Mat”
/d/ Retroflex voiced unaspirated phoneme da:l pandit -
Id" Retroflex voiced aspirated phoneme | d"akkan - -
7] Dental unvoiced unaspirated plosive ta:l bata:[a kaja:mat
Y Dental unvoiced aspirated plosive tali kat"a: rat”"
/d/ Dental voiced unaspirated plosive dava:t ma:dak kad
/d"  |Dental voiced aspirated plosive d"anija: ad"arm du:d"
Ipl Bilabial unvoiced unaspirated plosive pal kapati ta:p
/bl Bilabial voiced unaspirated plosive bal kabaddi kab
" Bilabial voiced aspirated plosive b"a:lu kab'"i [ub"
Affricates
i/ Palatal unvoiced unaspirated affricate t[al katfada: tfammat(
/1" |Palatal unvoiced aspirated affricate t("atri mat ["ali Kut [
/dgd Palatal voiced unaspirated affricate dsa:l ka:dg’a! gadz,
/ds’l __|Palatal voiced aspirated affricate dfarana: | dfandfar bodz"
Fricatives
h/ Glottal voiced fricative hal va:han vah
1]/ Palatal unvoiced fricative “falaﬂn kifore avaka:j
/8] |Palatal unvoiced fricative Sat"kon kost"ak d"anu§
Is/ Palatal unvoiced fricatve sahan p'asal pados
il Labiodental unvoiced fricative fal safal sa:f
Nasals
n/ Retrofiex nasal - - kan
n/ Dental nasal neem mana:na mn
m/ Bilabial nasal ma:n somavar kalam
Lateral
i Lateral la:l tfalana la:l
| Trill
Irl Post alveolar trill rel keral ka:r
Semi vowel
N/ va:han avaka: nawv

Table1 : Word list



Freguency domain parameters:

1. Formant frequency : The frequency of the formant as measured in the

ﬂeajy aate( F R, Fg)

2.  Temina frequency : It is the frequency of the formant of the preceding

vowe at the end of the transition or the following vowel at the beginning of

the transition.
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Figure 3 : Spectograph showing terminal frequency transition duration, steady
state duration of the formant, burst duration, vowel duration and voice

onset time.

Temporal domain parameters:

1. Formant steady state duration : Duration for which the formant is in the

steady state.

2. Trandgtion duration : The transition duration is the time difference between

the onset and offsst of the transition.
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3. Closure duration :The difference between the offsst of the preceding vowel

and the onset of the burst for the plosive.

4. Burst duration : Time difference between the onset of irregular vertica
striation depicting the articulatory release and the offset of the same.

5. Asgpiration duration : Duration of the aspiration depicted as irregular vertical

dtriations in  the low frequency region between the burst and the onset of

resonance for the felling one.

6. Voice onset time : Time difference between the onset of the burst depicted as

quasirandom wave form and the onset of voca fold vibration depicted as

quasiperiodic wave form.

7. Totad duration : Time difference between the onset and offsat of the

phonemes.

8. Vowe duration: Time difference between onset and offset of the phoneme.

9. Frication duration : Time duration for which fixation existed, marked as fills

in high frequency region of spectogram.

2.94598< a>
é-ﬂ-l‘ba

2.946 Time (sec)

Figure 4 : Spectograph showing frication noise duration, aspiration duration and
closure duration
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CHAPTER-IV

RESULTS AND DISCUSSION

Various temporal and spectral values of the parameters measured for
different speech sounds for male and femde subjects are provided in tables (

Table 2 and 3 respectively)
The abbreviations used in the tables are as follows :

1. F; - Firg formant frequency

2. F, - Second formant frequency
3. Fs- Third formant frequency

4. FI SS - Steady states of Fl

5. F2 SS - Steady states of F2

6. F3 SS- Steady states of F3

7. FI TD-Transition duration of Fl
8. TF1 - Termina frequency of FI
9. F2TD - Trangition duration of F2
10. TF2-Terminal frequency of F2
11. F3 TD - Transition duration of F3
12. TF3 - Termina frequency of F3
13. CD - Closure duration

14. BD - Burst duration

15. ToD - Total duration

16. AD - Agpiration duration
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17. FD - Frication duration

18. VD - Vowe duration

19. VOT - Voice onset time

20. NTS - No transition seen

Table 4 and 5 show values of various parameters for plosives and affricates

respectively.
Mae Femae
Parameter
Voiced Unvoiced Voiced Unvoiced
VOT -15 to-86 22-98 -28 to -98 15-105
BD 4-26 7-22 530 6-26
AD 54-90 33-168 24-121 70-173
ToD 13-74 16-278 50-246 25-310

Table 4 : Range of values for the plosives for different temporal measures (msec)

It was observed that the aspiration duration and total duration were larger

was observed for unvoiced plosives.

for unvoiced plosives. Lead VOT was observe

Mae Femae
Parameter
Voiced Unvoiced Voiced Unvoiced
ToD 43-201 65-252 70-300 85-420
FD 35-140 39-142 52-210 75-200
AD 50 A 87 41-75
BD 5-75 6-12 Not seen 56

Table 5 : Range of values of the temporal measures for the affricates (msec )

It was observed that the total duration of unvoiced affricates was longer than
that of voiced affricates.
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17. FD - Frication duration

18. VD - Vowel duration

19. VOT - Voice onset time

20. NTS - No transition seen

Table 4 and 5 show values of various parameters for plosives and affricates

respectively.
Male Femae

Parameter
Voiced Unvoiced Voiced Unvoiced
VOT -15 to-86 22-98 -28 to -98 15-105

BD 4-26 7-22 5-30 6-26

AD 54-90 33-168 24-121 70-173
ToD 13-74 16-278 50-246 25-310

Table 4 : Range of values for the plosives for different temporal measures (msec)

It was observed that the aspiration duration and total duration were larger

for unvoiced plosives. Lead VOT was observed voiced plosives and lag VOT

was observed for unvoiced plosives.

Mae Femae
Parameter : :
Voiced Unvoiced Voiced Unvoiced
ToD 43-201 65-252 70-300 85-420
FD 35-140 39-142 52-210 75-200
AD 50 34 87 41-75
BD 575 6-12 Not seen 5-6

Table 5 : Range of values of the temporal measures for the affricates (msec )

It was observed that the total duration of unvoiced affricates was longer than
that of voiced affricates.
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Vowel

Word |Context|VD| F; | F, | Fs [F1SS|F2SS|F3SS|FITD| TF1 [F2TD| TF2 |F3TD| TF3
anaxr | a-n |43 870 |1687|3311| 372 | 38 | 27 |NTS| 870 | 16 |1513| 27 |3357
am | a-m [381]212 714 [1200] 319 | 195 | 158 | 44 |1012| 48 | 698 | 59 |1043
anar | n-a: |232) 768 [1578|2968 | 183 | 81 | 140 | 20 | 698 | 16 |1278 | 32 [2894
a-r (232|768 (15782968 | 183 | 81 | 140 [NTS| - | 72 [2337( 81 3183

pakada | d-a: (254|745 [1372] - [ 131 [ 131 | - | 61 | 62 | 63 |1247| - | -
imli | i-m | 81]227(2298]/2705| 81 | 27 | 27 [NTS| - | 22 |1200] - | -
k" | i-k" [261] 415 |2486[3114| 261 | 211 [ 211 [NTS| - | 22 |2329| 25 (2752
mani:(| n-i: [199] 352 (25023003 | 81 | 27 | 63 [NTS| - | 20 [2376| 25 [2847
i-[ |199] 352 (2502|3003 81 | 27 | 63 |[NTS| - | 54 |2368|NTS| -

mari: | r-i: |216] 415 [2000/3009| 194 | 84 | 74 | NTS| - | 46 |2141 | NTS| -
ullu | uwl [70]494 (1200{2345| 70 | 70 | 57 [NTS| - | 73 [1520( 19 |1749
anudy | n-u_|102| 698 |1498|2549| 30 | 15 | 35 | 18 | 651 | 30 |1309| - | -
u-dy |102| 698 [1498|2549| 30 | 15 | 35 | 50 | 557 | 45 |1843| - | -

tanu | n-u [210] 352 [1472(2800| 210 | 103 | - |[NTS| - | 47 |1200| - | -
wn | w-n [314]290 |8235| - | 314 | 104 | - |NTS| - | 63 |1247| - | -
tau:dgi | a-u: 150|463 | 964 |2564| 82 | 22 | 75 | 45 | 588 | 37 |1122| 37 [2313
u-ds [150| 463 | 964 [2564| 82 | 22 | 75 | 30 | 494 | 52 [1372| 75 [2094

ok'li | ok" [157|478 [854| - [ 157 | 135 | - [NTS| - | 18 | 745 | - .
manodgl n-o (223|360 | 651 | 996 | 195 | 157 | 60 | NTS| - | 34 | 635 | 75 |1263
o-dy [223]360 | 651 | 996 | 195 | 157 | 60 | 45 | 290 | 30 | 572 | 75 [1357
karo | r-o [220] 541 (1043|2376 | 220 | 120 | 100 | NTS| - | 82 |1262| 65 [1906
orat | o-r [230] 667 [1109]2204 | 230 | 145 | 154 | NTS| - | 85 |1420| 68 [1592
pakoda | k-5 |168] 525 | 996 [2188| 155 | 90 | 45 | NTS| - - - | 15 |2157
o-d [168] 525 (996 |2188| 155 | 90 | 45 | 10 [494 | 65 [1184| 65 [1529

Iy > |305]| 400 [1482|1984 | 137 | 106 | - 11 | 603 | 45 [1137| - | -
ek ek |300] 430 [2156/2611| 254 | 276 | - | 34 |362| 21 [2023]| - | -
anck n-¢  |247| 445 [2125/2732| 100 | 121 | 94 | 13 | 682 | 13 [1968| 9 |2596
ek 247|445 [2125(2732] 100 | 121 | 94 | 27 | 651 | 63 |2094| 75 |2533
pake | k-e |207|494 |2125|2533| 139 | 184 | 184 | 18 | 452 | 22 [2313| 13 [2439
xnek | x-n [101]360 | - |2231] 101 | - - | 10 [ 568 | 16 [1447] 11 (2514
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Plosive
Word |Context| TF1 | TF2 | TF3 |TDF1|TDF2 |TDF3[VOT| CD | BD |ToD | AD | VD
kul k-u | 324 | 745 [2125| NTS | 45 | 45 |30 - |16 | 16 | - | 110
makan | ak | 678 | 1215 |2109| NTS | 32 |NTS| - | 73 | 15 | 89 | - | 80
k-a: | 713 | 1372 |2470| 25 | 55 |30 | - | 73 | 11 | 17 | - | 175
tapak | ak | 525 | 1231 (2235 32 | 32 |14 | - | - | - | - | - | 117
kPana: | k™a: | 760 | 1294 |2407| NTS | NTS | 39 | 74 13 | 89 | 94 | 146
tfarak"a: | k™a: | 713 | 1262 |2125| NTS | 11 |NTS| - | 90 | 12 | 161 | 63 | 201
ik k" | 250 | 2203 [2203| 25 | 33 | 76 | - | - | 21 |273 |168| 270
gadi | ga | 556 | 1380 (2392] 23 | 22 |33 |63 | - | - | 63 | - |234
magar | a-g | 619 | 1184 (2251 16 | 21 | 18 | - | 66 | 10 | 76 | - | 200
g-a | 462 | 1310 (2439 19 | 15 |NTS| - | 66 | 10 | 76 | - | 200
dag | a-g | 550 | 1219 {2029 NTS [ NTS | 10 | - | - | - [120| - | 98
ghar | gha | 494 | 1278 [2223| 27 | 19 | 19 | - | - | 12 | 71 |59 |174
meg'a: | e-g" | 509 | 1969 |2565| 56 | 17 | 53 | 29| 35 | 26 | 61 | 50 | 273
gha: | 541 | 1482 [2486| 17 | 30 | 17 | - | 35 | 12 | 61 | 50 | 262
meg" | eg" | 402 | 1984 (2471 31 | 43 |62 | - | - | 12 | 89 | 70 | 221
ta:l t-a: | 666 | 1480 {2520 18 | 18 | 33 (45| - | 9 | 69 | - |209
tama:tar | a-t | 635 | 1573 |2568| 71 | 91 | 68 | - | 62 | 11 | 78 | - | 189
ta | 525 | 1670 |2392| 57 | 57 | 60 | - | 62 | 11 | 78 | - | 128
t'at’era: | t™a | 494 | 1623 [2141| 14 [ NTS | 12 [94| - | 9 | 60 |51 | 94
t'at’era: | at" | 556 | 1858 [2078| 46 | 46 | 20 | - | 51 | 10 | 92 |49 | 96
the | 462 | 2000 |2596| 40 | 20 | 15 | - | 51 [ 10 | 92 |49 | 174
mat" | at® | 619 | 1702 |1952| 11 | 34 | 17 | - | - | 21 | 157 | 55| 102
da:l | d-a: | 619 | 1529 |2423| 11 | 49 |NTS|68| - | 4 |124| - |219
pandit | d-i | 380 | 1840 {2502 10 | 39 |39 | - | 68 | 6 | 70 | - | 99
d’akkan | d"a | 620 | 1576 |2533| 14 | 15 [NTS|29| - | 9 |108| 90 | 138
ta:l t-a: | 682 | 1137 (2329| 21 | 21 |36 (33| - | 7 | 40 | - | 227
batafa | at | 509 | 1380 |2611| 30 | 11 | 13 | - | 80 | 15 [ 107 | - | 67
t-a: | 541 | 1341 (2627 17 | 9 | 11 | - | 80 | 15 | 107 | - | 139
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Word |Context| TF1 | TF2 | TF3 |TDF1 |TDF2 |[TDF3[VOT| CD | BD | ToD |AD | VD
kajamat | a-t | 619 | 1310 [2000( 16 | 11 |26 | - | - | 9 |118] - | 105
tali | ta: | 745 [ 1247 | - [NTS| 10 | - |60| - | 5 [130] 65153
kat"a: | at" | 463 | 1247 (2690 12 | 11 | 20 | - | 60 | 12 | 42 | 33 | 89

“a: | 745 | 1359 (2471 NTS | 20 |15 | - | 60 | 12 | 42 | 33 | 224
rat" at" | 541 | 1482 |2580| 18 | 16 | 60 | - | - | 12 | 90 | 78 | 128
dava:t | d-a | 598 | 1286 |2525| 35 | 6 | 5 |15| - | 8 | 23| - [105
ma:dak | a-d | 651 | 1341 |2078| 26 | 11 |NTS| - [ 15| 6 | 93 | - | 160

da | 490 | 1431 |2686| 16 | NTS |[NTS| - | 15| 6 [ 93 | - | 80
kad a-d | 557 | 1560 [2596| 26 | 35 | 15| - | - | 16 | 82 | - |135
d"anija | d%a | 509 | 1655 [2590| 20 | NTS |[NTS |46 | - | 7 |107| 54 | 93
ad’arm | a-d® | 490 | 1272 (2643 15 | 14 | 18 | - | 46 | 10 | 136 | 80 | 62

dha | 454 | 1373 |2566| 25 | 29 |80 | - | 46 | 10 | 136 | 80 | 182
du:d” | u-d® | 462 | 1084 | - [NTS| 38 | - | - | - | 12 | 120 [108] 240
pal pa | 635 | 1074 {2267 NTS | 71 |NTS|10| - | 7 | 17 | - | 108
kapati | ap | 462 | 1027 (2062 24 | 26 | 20 | - |112| 7 |119| - | 86
ta)p | a-p | 598 | 1105 |2156| 19 | 19 |34 | - | - | - | - | - | 180
bal ba | 447 | 1090 [2345| 35 | 72 | 20 [95| - | 7 [103| - |110
kabaddi | a-b | 447 | 996 [1986| 13 | 33 | 11 | - | 95 | 7 |[102| - | 80

ba | 619 | 1106 [2298| NTS | 74 | 18 | - | 95 | 7 |[102| - | 81
kab a-b | 494 | 1012 (2204| 21 | 33 |16 | - | - | - |8 | - | 93
bhalu | b%a: | 717 | 1184 (2376 10 | 18 | 24 | - | - | - | 76 | 76 | 180
kab" | a-b™ | 478 | 1153 [1986| 10 | 18 | 24 | - | 31 | 8 |240|201| 65

bP-i | 431 | 2031 |2423| NTS | 37 | 52 | - | 31 | 8 |240 (201|223
Jub® | ub" | 414 | 886 (2210 11 | 11 [ 9 | - | - | 6 |180 |65 | 108
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Affricates

26

Word [Context| TF1 | TF2 | TF3 |TDF1| TDF2 | TDF3 [VOT| CD | BD | ToD | AD | FD | VD
tfal tf-a [462 | 1608 | 2643 | 17 | 37 34 | 65| - 6 65 - | 50 | 104
katfada: a-t( [525(1671| 2738 | 24 | 27 25 | - (31 ] 12 | 8 - 62 | 92
tf-a |s572[18209[ 2502 | 0o | 32 2 [ -]131] 12 | 8 s 62 | 87
tfammat | a-t |[s572[1593| 2722 | 18 | 78 52 =] - - 194 - |16 | 112
tf "atri t("a | 5091786 | 2784 | 24 | 20 34 | S8) - : 85 | 34 | 39 | 116
matf"ali | a-tf" |04 1607|2760 | 30 | 21 | o [ - |57 | - || - | w]| 103
th-a [603[1263]/ 2141 0 [ 30 [ a1 [ -[57] - [s| - [ 9] 142
kutf” u-t(® | 300 | 1372 | 3035 | 21 | 55 3 | =1 - = 252 - 142 | 98
dsal de-a | 478 | 1905 | 2643 | 43 | 31 29 |129] - 6 180 | - 51 | 101
ka:dsal a-dz | 588 | 1717 | 1874 | 50 | 76 69 | - |129| 5 169 | - 35 [ 195
dz-a | 447 (1921 | 2862 | 40 | 30 30 | - [129] 5 169 | - 35 | 100
gadz a-dy- | 494 | 1874 | 2752 | 47 | 56 9 | -] - 7 | 20 - 125 | 159
dsarna | df-a [ssgli9s2{ 2752 [ a1 | 390 [ 26 |59 - | - lwo| - [ 37|
dy"andaar | d3™a [ 651 (1686 | 2549 | 86 | 69 | 69 | - [109| . [ 52| - | 43 | 1a8
bods’ o-dz" | 478 [1451 | 2690 | 51 | 69 | 52 | - | - | - | 190 | 50 | 140 | 199
ricatives

Word |Context| TF1 | TF2 | TF3 [TDF1| TDF2 | TDF3 |ToD| FD | vD

hal h-a | 745 | 1256 | 2408 | NTS | 35 35 | 72] 75| 98

va:han a-h | 666 | 1269 | 2565 |[NTS| 17 | NTS [ 55| 52 | 192

h-a [603|1451] 1984 | 20 | 10 | NTS [ S5 | 52 | 65

vah a-h | 572]1639] 2396 | 35 | 33 12 |67 ]| 65 | o5

[algam | [-a | 447 |1592| 2376 | 16 | 14 | 18 [135] 101 | 65

kifore i-[ [ 243 2063|2627 | 23 | NTS | 8 |116 108 | 54

f-0 447 11655 | 2000 | 23 | 80 10 |116| 108 | 255

avaka: [ a:-{ [s572 1581 | 2150 | 45 | 35 32 | 150 150 | 235

Bat'’kon | $-a [510|1655] 2555 | 20 | 20 | 20 [107] @2 | o7

k(:‘s'f:ak 0-S | 463 | 1451 | 1812 | 26 | 76 35 |77 75 | 150

d"anu$ u-3 | 572 (1520 2047 | 15 | 30 15 |175] 170 | 134

sahan S-a4 | 463 [ 1529 2566 | 34 | 64 | Nrs [131] 131 | 116

fasal a-s | 5101357 - 24 | 18 - [122] 9 | 89

s-a 494 | 1561 | 2439 | 5 20 10 |122) 99 75

pados 0-S (431 [1216] 2298 | 24 | 54 26 [192| 192 | 198

fal f-a | 603 | 1215 2188 | NTS [ 28 27 | 72| 70 | 85

safal a-f | 588 |1215| 2439 | 15 | 38 18 |100]| 91 | 64

f-a | 486 | 1000 [ 2223 | 28 | 51 52 [100]| 91 | 96

sa:f a-f | 5722|1074 2567 | 40 | 60 36 | 320 320 | 240




Nasals
Word Context TF1 TF2 TF3 TDF1 TDF2 TDF3 ToD | VD
kan a-n 713 1372 1733 36 24 26 40 118
ni:m n-i 450 2430 3002 79 70 49 140 250
mana:na: a-n 680 809 2641 17 65 20 95 150
n-a 520 1489 - 20 42 - 95 201
mn J-n 474 1097 - 23 54 - 87 163
ma:n a-n 854 1138 - 43 43 - 120 236
somava:r o-m 322 854 2063 30 88 NTS 90 280
m-a 510 1490 2282 60 80 40 90 220
kalam a-m 607 1169 2094 29 37 40 137 72
Lateral
Word Context TF1 TF2 TF3 TDF1 TDF2 TDF3 ToD | VD
lazl l-a 651 1451 2471 19 NTS 30 119 215
tja]ana a-1 604 1663 2533 25 NTS NTS 69 85
la:l a-l 635 1451 2455 27 62 8 125 215
Trill
Word Context TF1 TF2 TF3 TDF1 TDF2 TDF3 ToD | VD
rel r-¢ 541 2047 2753 8 8 22 39 291
keral er 447 1765 2345 15 66 71 36 177
r-a: 447 1514 2361 35 15 NTS 36 103
ka:r a:-r 620 1310 - 24 31 - 28 22
Semivowel
Word Context TF1 TF2 TF3 TDF1 TDF2 TDF3 ToD | VD
va:han v-a: 478 886 2361 63 75 25 82 205
avaka:J a-v 494 918 2220 40 58 NTS 54 87
na:v a-v 478 1043 2390 90 69 40 106 253

Table 2 : The segmental features (spectral and temporal) for the male subject
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owel

Word Context| VD | F, | F; Fi [F1SS|F2SS| F3SS [ TDF1 | TF1 | TDF2 | TF2 |[TDF3| TF3
ana:r a-n 50 | 917 |1765| - | 60 | 95 < 60 | 823 | 15 |189%0 | - -

a:m a:-m 277 | 879 | 1294 - 252 | 297 - 20 | 831 | NTIS - - -
ana:r n-a: | 314 | 906 [ 1545 | 3020 [ 182 | 90 | 314 | S6 | 819 | 70 | 1890 | NTS| -
a-r | 314 [ 906 | 1545 (3020 [ 182 | 90 | 314 | 58 |[972| 80 | 1853 | 24 | 28

pakoda: | d-a: | 264 | 808 (1592 | - | 162|260 | - 52 [ 870 | NIS | - - -
imli i-m 80 | 478 [ 2737 (3207 | 38 | 28 | 28 | 31 |431| 35 |2423 | 35 | 2957

dalija 11 170 | 447 | 2627 [ 3616 | 170 | 112 | 112 | NTS| - | 40 | 2592 | 45 | 3456
i 170 | 447 | 2627 [ 3616 | 170 | 112 | 112 | 40 | 322 | NTS| - | NIS| -

ik i-k" | 315 | 416 | 2957 | 3725 | 195 [ 240 | 195 | 90 | 541 | 105 | 2690 | 45 | 3364

mani: | n-i 225 | 463 | 3055 [ 3596 | 166 | 135 | 187 | NTIS| - | 38 | 277 | 37 | 3471
i=f | 225 | 463 | 3055 | 3596 | 166 | 135 | 187 | 33 | 557 | 47 | 2880 | NTS| -

mari: r-i: | 330 | 433 | 2941 [ 3569 | 200 | 187 | 187 | 62 | 557 | 87 | 2376 | 62 | 3192
ullu u- 77 | 510 | 918 - | 78| 70| - |NIS| - | 42 |1310| - -

anu:d? n-u: 129 | 729 | 1011 | 1639 | 52 91 100 18 | 651 22 902 NTS| -
w-dz | 129 | 726 | 1011 | 1639 | 52 | 91 | 100 | 31 |89 | 36 | 1121 | NTS| -

tanu n-u 25 855 - - 25 = - NTS | - - - - -
un u-n | 300 | 494 | 807 - | 297 |200| - | NIS| - | S0 |1035| - -

tau:dzj a-u: | 189 | 431 | 996 - | 45 | 189 | - 45 | 588 | 45 | 902 = =
u-dz-| 189 | 431 | 996 - | 45 |18 | - | NIS| - | 45 | 1309 | - .

ully lu | 312 | 604 | 918 - |250({131| - | NTS| - | 8 |1608| - -
ok"li ok | 210 | 416 | 965 - 210172 - | NTS| - | 30 | 886 - -

manodz. | n-o | 260 | 447 | 933 - |206| 78| - | NIS| - 88 | 1561 | - E
odg | 260 | 447 | 933 - 206 78 | - 4 | 541 | 76 | 1420 | - -

karo r-o | 277 | 557933 | - | 221|153 - 15 [ 494 | 90 | 1686 | - R
rat 5t | 232 [ 776 [ 1278 | 2690 | 232 [ 150 [ 230 | NTS| - | 90 [ 1655 | NTS| -

pakada k-3 | 240 | 651 | 1310 | 2659 | 240 | 130 | 100 | NTS| - | NTS| - | NTS| -
2-d | 240 | 651 | 1310 | 2659 | 240 | 130 | 100 | NTS| - | 110 | 1561 | 130 | 1843

I> I-5 | 352 | 620 | 1121 | - ([352]217| - | NIS| - | 60 | 1479 | NIS| -

ek ek | 320 | 447 | 2910 | 3380 | 260 | 320 | 320 | 20 | 557 | NTS| - | NIS| -

anek ne | 292 | 478 | 2925 | 3553 | 292 | 182 | 194 | NTS| - 52 | 2580 | 26 | 3364
ek | 292 | 478 | 2925 | 3553 | 292 | 182 | 194 | NIS| - 39 | 3145 | 58.5 | 3364

pake ke | 318 | 447 | 2800 | 3145 | 310 | 310 | 310 | NTS| - | NIS| - | NIS| -

znek %N 185 | 809 | 2298 | 3082 | 150 | 171 | 185 | 30 | 745 | 21 | 2172 | NIS| -
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Plosives

1F2

Word |Context| TF1 TF3 [TDF1{ TDF2 | TDF3 | VOT | CD | BD |ToD | AD | VD
kul ku | 329 [1145| 4251 | 14 | 10 9 22 | - | 12 [37] - | 102
makan | ak | 674 | 1522 | 2745 | 9 | 14 14 - |128| 20 | 141 | - | 60

k-a: | 81 |1702 | 2651 [NTS| 18 42 - |128| 20 | 141 | - | 292
tapak | ak | 706 | 1553 | 2839 |NTS| NTS | 10 - - 15|15 | - | 179
kama: | k™a: | 1080 | 1584 | 2823 | 18 | 18 30 - | - | 16 [ 114] 70 | 198
tjarak®a: | K'-a: | 800 | 1615 | 2620 |NTS| 30 28 | 70 [115| 20 | 205 | 85 | 280
ik" i-k" | 651 | 3082 | 3410 |NTS| 25 50 - - | 10 | 310|173 | 135
gadi | ga: | 698 | 1576 | 2517 | 20 | 108 | 70 | 28 | - | 16 | 44 | - | 350
magar | ag | 604 | 1420 - | 30 | NTS | NTS | - [ 28 | 16 | 54 | - | 200

ga | 549 | 1647 | 2635 |NTS| 58 | NIS | - |28 | 16 | 54 | - | 202
dzag | a-g | 635 | 1623|2502 | 17 | NIS | 10 - | - - | 47| - | 19
ghar a | 760 | 1702 | - [ 22 | 45 - 97 | - | 21 [246 | 121 216
megla | eg' | 384 | 2894 | 3302 | IS | NIS | 45 - | 10S| 15 | 165| 75 | 225

gha: | 886 |1765| 2643 | - | 60 60 - | 105 | 15 [165| 75 | 315
meg® | eg’ | 510 | 2756 | 3365 [NTS| 45 | NIS | - - | 20 | 241|115 282
ta:l ta: | 635 | 1780 | 2667 [ 32 | 95 | NTS | 33 | - | 20 [ S0 | - | 350
tamatar | a-t | 761 | 1765 | 2324 | 17 | 64 44 - 150 15 [ 173 | - | 201

ta | S09 | 1892 | 2611 | 26 | 40 52 - 150 | 15 [173| - | 238
palat | at | 714 |2000| 2690 |NTS| 19 20 - -l 20| - | -| 97
t'at’era: | -a | 1072 [ 2031 | 2251 | 28 | 30 32 | 10 | - | 14 [120( 90 | 110
fatera: | at" | 619 | 2188 | 2408 | 45 | 50 | NTS | - [110| 12 | 130 | 90 | 110

e | 194 |2627 | 3255 |[NIS| 50 | NTS | - |110| 12 | 130 | 90 | 252
mat® | a" | 714 | 1812 2408 | 17 | 43 44 - | - | 12 [110] % | 9%
dal | da | S64 [1511 | 2180 | 35 [ 108 | 144 | 96 | - | 10 [175| - | 304
pandit | d-e | 500 |2392 | 2110 |NTS| NIS | 14 - |4 | 5 [S0]| - | 114
d"akkan | d"a | 986352118 | 3058 | 66 | 68 | NIS | 98 | - | 12 | 160 | 24 | 180
ta:1 ta | 508 |1819| 2722 | 20 | 50 | NIS | 15 | - | 10 |25 | - | 255
batasfa: | at | 557 |1969 | 2816 | 18 | 60 | NIS | - [126| & [136| - | 66

ta: | 627 [1922| - | 40 | 12 - - 126 8 [136] - | 170
kajamat | at | 698 | 1689 | - | 34 | 32 - - - - -1 - | 82
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word  |Context| TF1 | TF2 | TF3 |TDF1 | TDF2 |TDF3|VOT|CD| BD | ToD [ AD | VD
tacli ta: | 809 | 1529 [ 2816 | 10 |NTS |NTS|105| - | 18 [ 108 [ 90 | 200
kat"a: at" | 672 | 1922 | 3004 | 21 | 40 | 52 - |134| 14 | 200 | 62 | 62

tha: | 1925 [ 1725 | 2784 | 24 | 24 6 - |134| 14 | 200 | 55 | 204
rat" at" | 682 | 1780 | 3161 | 36 | 40 | 66 | - - | 12|15 | 32 | 126
dava:t da | 588 | 1717 | 3004 | 48 | NTS | 40 - | - |11 |160| - | 136
ma:dak a:-d 714 | 1749 | 2784 44 88 97 144 | 92 9 116 - 230

da | 713 | 1843 | 2533 | 35 | NTS| 36 - 192 9 |115| - | 88
kad ad | 620 | 1874 | 3003 | 19 [NTS| 18 | - | - | - : - | 103
d"anija d-a | 651 | 1906 = 30 [NTS| - | 111 - | 14 | 142 | 30 | 112
ad"arm a-d" | 494 | 1986 | 3090 | 30 | 20 | 25 - | 87|15 | 112 | 25 | 83

dha | 280 | 1968 | 3192 [NTS| 30 | 67 | - |87 | 15 |112| 25 | 105
du:d w-d® | 494 | 1184 - | NTS | 40 - - | - {15130 - [ 29
pal pa | 745 | 1435 | 2627 |NTS| 57 | 30 | 10 12 |30 [ - | 142
kapati ap | 635 | 1325|2329 |[NTS| 19 | 15 | - [112| 6 |127| - | 56

pa | 478 | 1906 | - 15 |NTS| - - |12 s |127| - | 33
ta:p a-p | 949 | 1576 | 2659 |NTS| 50 |[NTS| - | - [ 26 | 184 | - | 292
bal ba | 608 | 1496 | 2604 | 20 | 36 | 14 | 62 | - | 60 | 250 | - | 130
kabaddi | ab | 510 | 1341 | 2627 |NTS| 17 | 11 - (12| 7 107 - | 56

ba | 651 | 1498 | 2533 | 12 | 28 | 19 - |12 7 [107| - | 94
kab ab | 557 | 1404 | 2753 | 38 | 30 [NTS| - | - | 14 |[142] - | 108
bra:lu -a | 808 | 1435 | 2722 |NTS | NTS |NTS | 76 | - | 30 | 120 | 76 | 210
kab'i ab® | 599 | 1623 | 2690 | 15 | 20 |NTS| - |9 | 5 |138| 49 | 9

b-i | 368 [2502| 3129 [ 20 | 30 | 35 - 1% | 5 | 138 49 | 250
Jub® u-b® | 478 | 1184 [ 2910 | 22 | 40 [NTS| - [ - | 5 [276 | 49 | 105
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Affricates
Word | Context | TF1 | TF2 | TF3 | TDF1 | TDF2 | TDF3 | BD | AD | FD
tfal tf-a | 839 |1906 | - 42 45 . - - 103
katjaQa: a-IJ' 620 | 2000 | 2989 35 52 26 5 - 99
tf-a | 557 |1811| - 28 | NTS 5 5 . s
I_[ammatj a-t j 946 1984 | 3478 NIS 92 60 - - 200
tf atri tf*a | 643 |2204| 2941 | NTIS | 26 NTS 6 42 75
matf"ali a" | 713 |2125| 2753 | 24 75 22 - 28 112
kutf" utf® | 510 | 1827 | 3302 | 13 60 25 5 75 200
dzal de-g | 525 | 2188 | 2941 | 52 30 NTS . . 52
ka:dgal a-de | 620 | 1790 | 2973 | 70 100 70 . - 90
d-a | 525 | 2157 | 3035 | 40 60 30 . x 90
gadz a-dz | 556 | 2081 | 2874 | 15 55 52 : . 210
dePama | dgta | 604 | 2031 | 3098 | 12 40 41 - - 105
dz"nde ar| dfa | 542 | 1733 | - 50 | NTS - - - 70
 bodz” ody | 572 [1435| 3835 | NIS | 70 87 - | 87 [ 183
Fricatives
Word | Context| TF1 | TF2 | TF3 [TDF1| TDF2 | TDF3 | ToD | FD | VD
hal ha | 839 [1655| 2721 | NTS | 30 15 103 | 103 | 90
va:han a-h | 964 |1325| 3098 | NIS | 34 70 60 60 | 240
ha | 745 |1498 | 3129 | 40 50 NTS 60 60 | 129
vah ah | 698 |1420| 2705 | NTS | 30 NTS 75 75 80
falgam -a 588 | 1718 | 2722 | 25 50 25 181 | 180 | 137
kifore i-f | 200 |2784| 3098 | 12 | NIS | NIS | 180 | 165 | 75
-0 431 |1435| 3078 | NIS | 75 NIS | 180 | 165 | 330
avaka:( a- 494 | 1937 | 2784 | 75 97 NTS | 232 | 292 | 232
%at’kon | 3-a 620 | 1749 | 2941 | NIS | 45 NIS | 117 | 117 | 90
kdét"ak o3 | 305 [1278| - 40 | 100 - 160 | 160 | 180
d"anu§ u-3 | 416 (1764 | - a7 42 - 270 | 270 | 135
sahan sa | 604 |2017| 2972 | 40 | NIS | NIS | 168 | 168 | 100
fasal as | 604 |1733| 2769 | 25 22 NIS | 140 | 140 | 98
sa | 557 |1874| 2957 | 40 22 NIS | 140 | 140 | 104
pados os | 274 [1184| - 40 45 - 285 | 270 | 285
fal f-a 682 | 1503 | 2502 | NTS | 67 45 157 | 145 | 105
safal af | 619 [1906| 2753 | 22 37 40 157 | 142 | 105
f-a 588 | 1623 | 2627 | 15 52 45 157 | 142 | 120
sa:f af | 651 [1466| 2753 | 30 | NIS | NIS | 240 | 290 | 372
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Nasals
Word Context | TF1 TF2 | TF3 | TDF1 | TDF2 | TDF3 | ToD VD
kan an 760 1576 | 2110 37 NTS 30 97 172
ni:m n-i: 557 | 2737 | 3502 | 84 86 56 148 260
mana:na: a-n 714 1182 | 2941 17 68 24 97 144
n-a 620 | 1718 - 25 40 - 97 200
mn 3-n 557 | 1247 - 23 55 - 50 160
ma:n a-n 933 1216 | 3004 | NTS 22 30 183 300
somava:r o-m 541 871 - NTS 58 - 90 170
m-a 494 1122 - 20 NTS - 90 110
kalam a-m 734 | 1592 | 2816 | 22.5 45 15 172 90
Il.ateral
Word Context| TF1 TF2 | TF3 | TDF1 | TDF2 | TDF3 | ToD VD
la:l l-a 745 | 1874 | 2972 | 10 90 60 170 350
t{alana a-l 68 2031 | 2878 | NTS 30 NTS 88 105
I-a 525 | 1906 | 2784 | 21 22 15 88 75
la:l a-l 651 1906 | 2972 | 40 110 90 170 350
Trill
Word Context| TF1 TF2 | TF3 | TDF1 | TDF2 | TDF3 | ToD VD
rel r-e 431 | 2322 | 3035 | NTS 92 NTS 134 300
keral er 5255 | 2220 | 2941 | NTS | 67.5 NTS 28 220
r-a: 525 | 1812 | 2816 | NTS 30 45 28 150
ka:r a-r 635 | 1702 | 2502 | 34 76 34 90 400
Semivowel
Word Context| TF1 TF2 | TF3 | TDF1 | TDF2 | TDF3 | ToD VD
va:han v-a: 500 | 1058 | 2586 | 37 37 37 75 195
avakaj a-v 588 | 1435 | 2721 | 23 22 NTS 75 85
v-a 494 1247 | 2784 15 NTS 27 75 75
nawv a-v 345 1310 | 2910 45 NTS 53 85 345

Table 3 : The segmental features (spectral and temporal) for the female subject.
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Table 6 and 7

show the values of various parameters for fricatives and nasa

continuants.
Mae Female
Parameter
Voiced Unvoiced Voiced Unvoiced
ToD 34-82 55-175 75-85 60-270
FD 30-106 72-192 70-85 60-330

Table 6 : Range of values of temporal measures for the fricatives (msec)

It was noticed that the unvoiced fricatives were longer than the voiced

fricatives.

Parameter

Mae

Female

ToD

10-140

8-172

Table7: Range of vaues of the temporal measures for the nasal continuants (msec)

It was observed that the total duration was longer in the femae subject than the
male subject. Table 8 shows the total duration for trill, lateral and semi vowel

Mae Female
Parameter
Trill Lateral Semivowd Trill Latera | Semivowd
ToD 28-39 67-125 34-106 28-90 88-170 75-85

Table 8 : Range of values of the temporal measures for the trill, latera and

semivowel (m sec)-

It was observed that the lateral /I/ was longer than the trill /r/ and the

semivowd Ivl. Table 9 and 10 shows the F; F, F3 and duration of vowels.
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Vowel F, F» F3 Duration
la/ 870 1687 3371 43
Ja:/ 575 1753 2084 289
1i/ 227 2298 2705 81
h:/ 394 2664 3042 225
h/ 515 1486 2674 127
ha:/ 373 1116 2564 236
lo/ 462 849 1686 200
1l 530 1196 2125 234
lel 368 2231 - 251
%/ 456 1921 2439 101

Table 9 : Average values of the Fi,

F2, F; and duration for the vowels of the

smde subject...

Vowel Fiq F, F3 Duration
la/ 917 1765 - 50
la:/ 864 1477 3020 285
1 462 2682 3411 125
fiz/ 437 2984 3630 290
h/ 698 964 - 152
ha:/ 509 907 - 267
o/ 473 943 - 249
/2/ 682 1236 2675 274
lel 452 1978 3359 310
fx/ 809 2298 3082 185

Table 10 : average values of the FI, F2, F3 and duration for the vowels of the

femae gbject

Table 11 and 12 shows various values for phonemes
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Plosives:

VOT | CD | ToD | BD AD | TF1 | TF2 | TF3
Ik/ 30 73 52 15 . 583 | 1136 | 2235
'Y 74 90 176 153 | 101 577 | 1586 | 2245
lg/ -63 66 86 10 < 546 | 1275 | 2271
/gt | -29 35 74 17 60 486 | 1678 | 2436
n 45 62 73.5 10 - 609 | 1574 | 2493
i 94 110 103 13 53 533 | 1796 | 2192
/d/ 68 68 124 4 = 540 | 1690 | 2292
d¥ | 29 119 108 9 90 620 | 1570 | 2533
W 33 80 88 10 - 588 1292 | 2392
| 60 60 129 10 59 623 1334 | 2580
M/ | -15 15 42 10 - 574 1404 | 2471
/d | -6 46 123 10 67 478 | 1346 | 2660
o/ | 10 112 119 7 ; 565 | 1069 | 2162
bl | 95 95 102 | 7 . 502 | 1051 | 2209
m | 31 31 152 7 114 510 | 1113 | 2249
Affricates:
VOT|{CD | BD | ToD | AD | FD | TF1 | TF2 | TF3
r(/ | 65 31 9 113 - 76 | 533 | 1675 | 2651
ny | - = . 162 | 34 87 | 499 | 1507 | 2682
[dy | <129 | 129 | 6 160 | 8 70 | 502 | 1854 | 2533
/dd | 59 | 109 | - 183 | 50 | 73 | 572 | 1696 | 2664
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Fricatives:

ToD | FD | TF1 | TF2 | TF3
m | 62 | 60 | 646 | 1404 | 2338
/§/ | 125 | 129 | 427 | 1723 | 2288
& | 120 | 112 | 515 | 1545 | 2138
s/ | 97 | 141 | 474 | 1416 | 2434
m | 164 | 160 | 562 | 1148 | 2354

Nasal Continuants :

ToD | TFI TF2 TF3

/n/ 40 713 | 1372 | 1733

/n/ 117.5 | 531 1206 | 2821

/m/ 116 573 | 1163 | 2147
Lateral :

ToD | TF1 | TF2 | TF3 ‘

T

I 104 | 630 | 1522 | 2486 l
Trill :
ToD | TF1 | TF2 | TF3
It/ 34 | 514 | 1659 | 2483
Semivowel :
ToD | TF1 | TF2 | TF3
i 74 | 483 | 949 | 2324

Table 11: Average values for VOT, total duration, burst duration, aspiration
duration, frication duration, and termina frequencies (TFl, TF2, TF3) for the
phonemes spoken by male subject .
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Plosive

‘ VOT | CD | ToD | BD | AD | TF1 | TF2 | TF3
: /k/ 22 [ 128 | 144 | 16 | - | 645 | 1481 | 31215
R 70 | 115 | 210 | 15 | 110 | 844 | - | 2094
/g/ 28 | 28 | 44 | 16 | - | 622 | 1567 | 2551
1% 97 | 105 | 217 | 19 | 104 | 635 | - | 2278
" 33 | 150 | 111 | 12 | - | 654 | 1859 | 2573
il 10 | 110 | 120 | 13 | 90 | 725 | 2164 | 2580
/d/ 96 | 44 | 112 | 75 - | 532 | 2101 | 2595
1d 98 | - | 160 | 12 | 24 | 635 | 2118 | 3053
" 5 [126 | 136 9 - | 618 | 1850 | 2769
1 105 | 134 | 154 | 16 | 61 | 1022|1739 | 2941
/d/ 2144 | 92 | 130 | 10 | - | 659 [ 1796 | 2831
1d" -111 | 87 | 128 | 15 | 28 | 480 | 1761 | 3145
Ip/ 10 | 112 | 114 | 15 - | 102 | 1560 | 2538
L -152 1 102 | 166 | 9 - | 581 | 1435 | 2629
i oyl =76 | 90 | 178 | 11 | 58 | 563 | 1686 | 2863
Affricates
VOT | CD | BD |ToD | AD | FD | TF1 | TF2 | TF3
i/ - 89 | 260 | S - | 134 | 740 | 1925 | 31335
ikl 45 | 52 | 189 | 6 | 48 | 129 | 612 | 2052 | 2999
/d3/ 45 | 70 | 212 | - - | 117 | 556 | 2057 | 2956
/dg -105 | 30 | 183 | - | 87 | 119 | 572 | 1733 | 3467
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Table 12 : Average vduesfor voice onset time, tota duration, burs, duration,

aspiration duration, frication duration and terminal frequencies (TF1, TF2, TF:

fordl the phonemes spoken by femde subject.



How to use the data base ?

The phoneme to be synthesized should be selected. The environment
(preceding and the following phoneme) in which the phoneme has to be
synthesized and whether the synthesis is for mae or female subject has to be
noted. The parameters which have been measured for that phoneme should be
selected depending on the kind of synthesizer. Using this data base vowels,
plosives, africates, fricatives, nasals, lateral, trill and semivowe of Hindi can be

synthesized.

The Klatt synthesizer is basicaly prototyped for mae vocal tract of 17.5
cm. However the mae voice can be converted to femae voice by using the scae

factor 1:1.2 as obtained from this database.
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CHAPTER -V

SUMMARY AND CONCLUSIONS

Database is needed for the purpose of speech synthess and speech
recognition. Various databases are available in English and European languages.
In India, the work in this area is scanty. As the database developed in one
language cannot be effectively used for other language due to language specific
segmental and suprasegmental characteristic, a need was fdt to develop an
acoustic database in Hindi. The am of the study was to develop dynamic

acoustic segmental database in Hindi language.

One hundred and five meaningful Hindi words with ten vowels, fifteen
plosives and four affricates, three nasal continuants, five fricatives, one trill, one
lateral and one semivowe in initial, medial and fina position constituted the
material. These words as uttered by a twenty two year old mae and twenty two
year old femde native Hindi speakers were audio recorded. All these words
were digitized using a 12 bit A/D converter at 8000 Hz sampling frequency and
were stored in the computer memory. Using the wave form and spectrogram of
the SSL software (Voice and Speech systems, B'lore, India) two spectral and
nine temporal parameters were extracted. The spectral parameters constituted of
formant frequency (Fy, F,, F3) and termina Frequency (TF1, TF2, TF3) and the
temporal parameters were vowel duration, total duration, voice onset time,
closure duration, burst duration, aspiration duration, affrication duration,

frication duration and transition duration and formant steady state duration.
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These parameters formed the acoustic database. The acoustic data base
provides spectral and temporal parameters of each speech sound which can be

used for further synthesis.
The acoustic database will have the following implications :

1 It provides acoustic data on speech communication to be incorporated for

speech recognition.

2. It provides information on normal segmental features which would lead

to therapeutic model for the handicapped.

3. The information helps in developing aids/synthesizer for the non verbaly

handicapped.
4. It dso ads in better understanding of speech production system.
5. The data aids in automatic speech recognition.

It is suggested that the database for suprasegmental features for Hindi be

made.
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The following speech database were accessed from the Internet.

Estonian speech database
http://www.esi s.eefist2000/I T/ioc/langdb.html .

Oxford Acoustic Phonetic database
http://svr-www.eng.cam.ac .uk/comp. speech/Section 1 /Data/oxford.html.

EUROM - A multilingual European speech database

www. icp. grenet. fr/Relator/multiling/eurom 1 .html.

The EMU speech database system
http://mwww.deall .ohio-state.edu/grads/ee. 1460/c694/Emu2.html

Readmefor the ATTS- 2 MADCOW speech Corpus
http://www.ldc.upenn.edu/catal o g/readme files/atis2.readme.html.

Entropic Latino speech database by Bernstein
www.cs.col umbia.edu/~bgrundy/latino40.htm.

The RIS speech database
http://ww.ling.su.se/staff/olle/1987d.html.

Castro speech database
http://lanic.uteras.edu/la/cb/cubalcastro.html.
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Linguistic database consortium

http://www. idc. upenn. edu/.

Japanese speech and text corpora
www.milab.is.tsukuba.ac.jp/corpus/corpora-c.html.

BUPT spoken digit database in Chinese University
http://www.speech.cs.cmu.edu/comp. speech/Sectionl /Data/bupt.html.

Victoria phonetic database
http://www.speech.cs.cmu.edu/comp.speech/Sectionl/Datalvictoria.html.

Australian english telephone speech database

www.callbase.com

Annion speech database

www.google.com.

King speech database
http:/Amww.ldc.upenn.edu/Catal og/readme_files’king.readme.html.
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Linguistic database consortium

http://www.idc.upenn.edu/.

Japanese speech and text corpora
www.milab.is.tsukuba.ac.j p/corpus/corpora-c.html.

BUPT spoken digit database in Chinese Univer sity
http://www.speech.cs.cmu.edu/comp.speech/Sectionl/Datalbupt.html .

Victoria phonetic database
http://www.speech.cs.cmu.edu/comp. speech/Sectionl /Datalvictoria.html.

Audgtralian english telephone speech database
www.callbase.com

Annion speech database

WwWw.google.com.

King speech database
http://www.ldc.upenaedu/Catal og/readme_files/king.regjne.html.
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