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Abstract-It has been observed that speech can prove to be
an important tool for the diagnosis of various physiological
parameters. Early use of phonetics in the field of medical
study has been reported in 1911 by H. Gutman. With the
rapid progress of technology, such techniques are emerging
as alternative non-invasive diagnostic tools. Since the onset
of menstrual cycle plays a very significant role in the
transition of an adolescent female into an adult, it is
important to study and monitor the physiological and
psychological changes that occur during the cycle. In this
work Formant frequency analysis has been carried out,
since Formant frequency represent the intricate features of
human body. The current techniques used for the diagnosis
of hormonal changes are invasive, expensive and require
sophisticated laboratory setup, besides being time
consuming. In this experiment, we have attempted to study
the changes that take place in the quality of speech during
the menstrual cycle, with the intention of detecting the
hormonal and behavioral changes that occur at the different
stages. Further improvement of such techniques should aid
in the early diagnosis of fertility based disorders. This
method, apart from being non invasive, required no
sophisticated laboratory set up, and thus can be used for the
diagnosis in rural areas that lack infrastructure.

I. INTRODUCTION

The onset of menstrual cycle marks a very significant
phase in the life of a female. It denotes the beginning
of a series of physiological and psychological
changes that will prepare the body for fertilization
and growth and development of the foetus. A regular
menstruation is an indicative of the fertility of a
woman.

In spite of importance of menstrual cycle in the
health of a female, most of the techniques that are
currently used to determine the gynecological health
of a woman are invasive, expensive, time consuming
and require a proper laboratory set up. Monitoring of
this cycle is of utmost importance for the detection of
diseases like Polycystic Ovarian Syndrome (PCQOS),
Endometriosis etc. In this study, we have related the
changes in speech formants with the different stages
of the menstrual cycle. The development of speech
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processing techniques for the assessment of
menstrual cycle can provide a non invasive, cheaper
and faster method for the assessment and diagnosis of
the physiological condition and also relate to the
behavioral changes during the menstrual cycle.
Further this method can be developed and
implemented in rural areas where provisions of
laboratory setups are unavailable.

1.1 IMPORTANCE OF SPEECH:

Speech is a vocalized form of human communication.
It is based upon the combination of lexical and names
that are drawn from very large vocabularies. Each
uttered work is a phonetic combination of a limited
set of vowel and consonant sound units. Speech, in its
functional setting is a tool for transmitting thoughts,
attitudes, emotions and many such informative things
that are yet unknown. The air we breathe, the air we
talk is much more than simply external air, it consists
of inside air as well.

The speech produced by a human depends on many
factors including posture. Hence, it can be said that a
human speaks with his breathing apparatus, body
muscles and his head. The physical efforts
accompanied by the vocal efforts lead to the
production of speech. Indian mythology has also
indicated that speech has different body centers of
generation and has the roots of characteristics of their
body behavior as phonetic information.

Speech is a very important mode of human
communication. Human beings express themselves
using visual, audible and tactual signals. However the
process of transmission and reception of signals only
does not constitute communication. After perceiving
the signal, the receiver has the potential to select only
particular responses.

The theory of communication is partly concerned
with the measurement of information content of
signals, as their essential property or potential of the
signals, and as a concept is closely related to the idea
of selection and discrimination [1].
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Variations in speech between individuals lead to
difficulties in defining, standardizing and
specifying utterances.

Fig 1.1: organs of speech
1.1 THE MENSTRUAL CYCLE

The monthly cycle of changes in the ovaries and the
lining of the uterus (endometrium), starting with the
preparation of an egg for fertilization constitute the
menstrual cycle. When the follicle of the prepared
egg in the ovary breaks, it is released for fertilization
and ovulation occurs. Unless pregnancy occurs, the
cycle ends with the shedding of part of the
endometrium, which is menstruation. There are two
prominent cycles:

a)Ovarian cycle: The average ovarian cycle lasts for
28 days, and is interrupted only by pregnancy. Final
termination of ovarian cycle is cause on the onset of
menopause. It can be further subdivided into two
phases,

-Follicular phase- Granulosa cells of some primary
follicles proliferate and the oocyte inside each follicle
enlarges. Oestrogen secretion increases along with
rapid follicular growth. One follicle matures about 14
days after the onset of follicular development. During
ovulation, the wall of the Graffian follicle ruptures
and the oocyte is permitted to enter the uterine tube.
LH surge acts as a trigger.

Fig 1.2: follicular phase

-Luteal phase- Last 14 days of the ovarian cycle
constitute the luteal phase. Old follicles undergo
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structural transformation to form corpus luteum
which degenerates within about 14 days after
formation in absence of fertilization. LH causes
development of corpus luteum from empty Graffian
follicles.

Fig 1.3: luteal phase

a) Uterine cycle: It reflects the hormonal
changes during the ovarian cycle. It consists
of three phases,

-Menstrual phase: Characterized by discharge of
blood and endometrial debris from vagina. First day
of menstruation coincides with end of ovarian luteal
phase and onset of follicular phase. It is triggered by
decreased oestrogen and progesterone.

-Proliferative phase: Begins concurrent with last
portion of ovarian follicular phase. The uterus
prepares for fertilized ovum and the endometrium
starts to repair itself and proliferate under the
influence of oestrogen from newly-growing follicles.

Peak oestrogen levels trigger LH surge.

-Secretory phase: This phase is promoted by
progesterone and the endometrium is prepared for
implantation. New corpus luteum is formed which
secretes large amounts of progesterone and
oestrogen. The endometrial glands actively secrete
glycogen and if fertilization and implantation do not
occur, corpus luteum degenerates and new follicular
phase and menstrual phase begin.
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Figure 1.4: the menstrual cycle
Il. REVIEW OF LITERATURE

SIGNIFICANCE OF FORMANTS:Speakers possess
the anatomical structures for speech movement, but
at the same time they must have function motor
capability needed to achieve the complex movement
as per the speech pattern. A general rule in acoustic-
articulatory relationship is that F1 frequency varies
inversely with tongue height and F2 frequency or the
difference between F2 and F1, varies inversely with
tongue advancement [4]. F2 variation generally
corresponds to the front/back position of the tongue
in articulatory terms.

It has been observed that status of a woman from the
level of menstrual cycle to the various stages of
pregnancy can be studied using various phonetic
parameters [1]. It has been known that the uterus,
during the menstrual cycle, undergoes a change in
length, width, thickness etc. Hence changes in
formant frequency may be observed reflecting the
above uterus change during menstrual cycle [2].

It is known from the acoustical theory of speech that
formant frequencies F1 and F2 are mostly affected by
the opening of this cavity and they also reflect weight
gain of this volume. F3 is indicative of the change in
length of the resonating cavity. F4, F5 is a measure of
changes in width, thickness of changes in cavity [2].

INFLUENCE OF MENSTRUAL CYCLE ON
SPEECH: Speech movements seem to rely mainly on
cortical and neuromuscular processing and control, to
place sounds within the pattern, context, and stress of
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utterances [3]. The left cerebral hemisphere is
predominantly responsible for speech functions as far
as linguistic, phonemic, and lexical structures are
concerned. Similarly, the right hemisphere has been
associated with emotional intonation, stability of
fundamental frequency, and duration of sentences

[3].

The acoustic properties of frequency, amplitude, and
length of verbal utterances provide information about
the development of organs, speech motor control [5],
and the context of expression [6]. The available
studies on the effects of hormones on peripheral
processes used for vocal emission focus mainly on
the larynx, whose morphology, histology, and
function are affected by sex hormones[7]. It has been
pointed out that fine motor control, fluency, mood,
aggressiveness, behavior, concentration, mental
alertness, and well-being in women are influenced by
the secondary effects of estrogen [8-10]. In females, a
slight voice change occurs at the ages of 13 and14,
and speaking voice lowers its pitch, as a result of the
hormones released by the pituitary gland, suprarenal
cortex, and ovaries. After the change to a singing
voice, between the ages of 16 and 17, the final
maturation of voice patterns extends for 6—12 months
[7,9]. During reproductive years, fluctuations in
hormone levels can also reduce verbal efficiency and
cause temporary lowering of the wvoice in the
premenstrual phase.

EFFECT OF EMOTIONS ON SPEECH: The
emotional state of the speaker is reflected in his or
her vocal utterances. Listeners are aware of this and
they are able to recognize emotional states based on
vocal cues alone. Voice quality is primarily
associated with the spectral qualities of speech signal
[12, 13].

Analysis of emotional state using speech can be aided
by the help of the vowel triangle. Vowels show a
pattern called vowel triangle where the i, a and u
have extreme F1-F2 values and most vowels have
formant values lying close to one of the sides on the
triangle in the |i|-|a| axis for the front vowels and the
|u|-]a| axis for the back vowels. An analysis showed
that different emotions indeed differ in the size of
their vocalic triangle [11]. In particular, emotions that
score high on the dimension potency/control have a
larger vocalic triangle than emotions that are low on
potency/control [14, 15].

Investigations have showed that emotion has a
sizable influence on formant positioning. The mean
of F1 of all three vowels /a/, /i/, and /u/ is higher for
high aroused emotions and lower for low aroused
emotions [11]. In addition, high aroused emotions
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have a significantly lower F2 for /a/. These effects
confirm the important role of arousal in the vocal
expression of emotion. Formant positioning is also
significantly affected by the wvalence dimension.
Positive emotions have a higher mean F2 than
negative emotions. This holds for all vowels,
although the effect is only significant in /a/ and /u/
[11].
11 BIOLOGICAL FOUNDATION OF
SPEECH

Human speech is produced by vocal organs presented
in Fig 3.1. The main energy source is the lungs with
the diaphragm. When speaking, the air flow is forced
through the glottis between the vocal cords and the
larynx to the three main cavities of the vocal tract, the
pharynx and the oral and nasal cavities. From the oral
and nasal cavities the air flow exits through the nose
and mouth, respectively. The V-shaped opening
between the vocal cords, called the glottis, is the most
important sound source in the vocal system. The
vocal cords may act in several different ways during
speech. The most important function is to modulate
the air flow by rapidly opening and closing, causing
buzzing sound from which vowels and voiced
consonants are produced. The entire process can be
described as follows.

SPEECH PRODUCTION: Speech production is
related to a number of very important physiological
issues, and for that reason, this activity is studied
under the following headings:

Discrete articulatory events:There is a controversy
regarding the discreteness of the events that lead to
the flow of speech. Current research in this direction
has been unable to suggest diving marks between
speech sounds in the waveform, and hence it might
have been an artifact of perception. Lack of phonetic
discreetness would make it difficult for linguists to
make phonetic transcriptions of languages of illiterate
societies, especially when the linguist is not
acquainted with the language himself. However,
forms of display such as sound spectrography have
indicated clear discontinuities indicating that there
are events with definable beginnings and endings.
When a muscle contracts, there is a dramatic increase
in electrical potentials. When we think of the entire
musculature of the speech apparatus in activity, we
realize that there is a constant change in states of
contraction throughout these muscles.

Rate of articulation: The rate of articulation is an
indication of how fast a person speaks. It has been
observed that for utterances above a certain length,
those who speak English have a constant rate of 210
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to 220 syllables per minute including hesitation
pauses. [17, 18]. Higher rates indicate shorter
utterances.

Ordering of articulatory events: There are many
articulatory events or motor events that leave no trace
on spectrograms. Before the onset of phonation,
muscles in the abdominal and and thoracic wall and
in the larynx have to assume certain positions. Also
during the silent periods that appear as short blanks in
the spectrograms a large number of movements
occur, particularly by the tongue. It is very doubtful
that the entire bronchial physiology is adjusted to the
timing requirements of speaking, but even if it was
so, we have to postulate a high degree of
neurophysiological specialization due to speech as is
necessary for the other postulation.

PRODUCTIVE MECHANISM:  Sounds are
essentially vibrations whose main characteristics are
frequency, intensity, and duration which activate the
sensory mechanisms of hearing when received by the
ears. The anatomy of the vocal apparatus consists of
five cavities (Fig 3.1), the oral, nasal, pharyngeal,
pulmonic, and oesophageal cavities. Velic closures
terminate the oral and nasal cavities, the glottal and
oesophageal cavities are contained within the
pharyngeal cavity. There are three major air stream
mechanisms- Pulmonic, Pharyngeal, and Oral air
stream mechanisms.

a) Pulmonic air stream mechanism: The
mechanism includes pressing the lung air
outward through the pharynx followed by
the mouth or nose. The lungs initiate the
process.

b) Pharyngeal air stream mechanism: The
larynx with glottis closed nay be thrust
upward compressing the air beyond it.

c) Oral air stream mechanism: The posterior
portion of the tongue may thrust forward
while maintaining contact with the velum,
compressing any tongue air caught between
it and some structure in front of it, for
instance the tongue tip or the lips. If an
escape route is provided, an air stream is
produced.

PRODUCTION OF VOICE:

a) Motors: These include the lungs, the
bronchial tubes, the ribs, and the muscles.
These are essentially pumps that compress air.
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b) Vibrators: The compressed air is expelled
through the trachea into the larynx which
consists of the main vibrating unit. The air
pushing against and between the vocal folds
cause vibrations resulting into sounds. The
quality of sound produced depend upon the
muscles that control tension and length of the
folds.

¢) Resonators: Since the sound produced in the
larynx is wealk, it is resonated by the resonators.
These include the upper part of the vestibule,
the pharynx, and the mouth. Changes in the
shape and size of resonators result in different
tone qualities that constitute vowel sounds.

Hard palate

Masophannz —

Zoft palate
fwelumn]

— Uwula

hawilla (ahreali)

Tongue —
Teeth & lips
Oropharyre: —

— Epiglottis
T

Jaw

Fig 3.1: organs involved in speech production
3.4 THE ARTICULATORY MECHANISM:

The tongues, lips, teeth, hard and soft palates act as
articulators. Their movement alters the shape of the
mouth, thus affecting the quality of tone, as well as
produce consonants.

3.5 ACOUSTICAL PARAMETERS OF

SPEECH SOUND:

a) Frequency: It refers to the number of sound
waves per second produced by the vibration
of vocal folds.

b) Amplitude: It refers to the extent of
displacement of vocal folds.

c¢) Time: It refers to the duration of speech
sound.

d) Energy: The sound produced ultimately
depends on the energy with which the
exhaled air is propelled from the lungs to the
external atmosphere.

3.5.1 FORMANTS:

The human vocal tract exhibits four or more major
resonances, collectively known as “formants”.
Formants are defined as the spectral peaks of sound
spectrum |P(f)| of the voice [16]. In speech science
and phonetics, formant is also used to mean an
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acoustic resonance of the human vocal tract [13,14].
It is often measured as an amplitude peak in the
frequency spectrum of the sound, using a
spectrogram as shown in the figure 3.2.

ST W I T PR
e R g

Fig 3.2: spectogram using praat

In the absence of formants, the spectrum envelope of
the voice spectrum lacks abrupt peaks. Formants
create peaks at specific frequencies.

Formants are essentially frequency information
specific and have the characteristics of speech sound.
The centre frequency and bandwidth change during
dynamic speech. The fundamental frequencies are
decided by the shape of the vocal tract and each
formant can be associated with a standing wave. The
table below shows the first three formant frequencies
in hertz for English vowels, in male and female
speakers.

For |g| I [I|€|&@|a|o|v|u|a]|?3
mant | e

n

d

e

F1 |m 27 |3|5|6|7|5|4|3|6]|4
a

o
o
o
o
o
o
o
o
o

€
f| 31 |46 |8|8|5|4|3|7]|5
el 0 116|5]9 71615
m (0/0|O0O|O0O|O|O0O|0O0|0]|O
a
|
€

F2 lm=22 (1 1)1(1|8|1|8|7]5
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a| 90 (98| 7|0|4|0|7|6]0 b. Voice recorder: Sound recorder version 6.1
available with Microsoft Windows 7 Home
I 5/4121910)2710)070 Basic was used for recording voice data.
e olojo|oO 0 c. Goldwave digital audio editor: Goldwave
version 5.70 was used for editing and
flerj2ziz)2)119)119 /111 filtering the speech signal and separating the
e 9 [4/3|0|2|2|1|5|4]|6 utterances of alphabets.
d. PRAAT: PRAAT is used for filtering the
m 83/5(2)/07161010/4 samples, analysis of spectrograms and
a olojo|oO 0 0|0 extraction of formants from the samples.
| e. MATLAB: MATLAB 2012a for 64 bit
platform was used for analyzing and plotting
e the obtained speech data.
a 10 15/ 414 1414)212]3]|6 The methodology can be described by the following
| 58|14 |1|4|4|9]|9 stages:
e 000y040j0j0}00]0 Stage 1: Speech data was acquired from 5 adult
fl33 (32121212121 2121 females lying in the age group 20-25 years.
e(10 (0|9 |8 |8 |7 |6 |6|7]9 Stage 2: Data was filtered and utterances were
. 719ls511111l8l718l6 separated using Goldwave.
a ofojo|fojo0ojofojoy|o0 Stage 3: Formants were obtained using PRAAT and
| plotted against days in MATLAB. Vowel triangles
per day were also plotted for each patient
e

Table 3.1: first three formants for english vowels, for male

and female speakers FOOBRT'\/Q;'?\INETDS
COLLECT SEPARAT USING
o o ION OF ION OF AT D
As indicated by the table, the most significant factor SPEECH UTTERA
. Lo PLOTTED
that is used for distinguishing between male and DAV NCES USIG
female speakers is the difference in frequency. The MATLAB

fundamental frequency for females lies in the range

of 150 to 300Hz whereas for males it remains around

85 to 180Hz. The energy source for voice generator Figure 4.1: flowchart of methodology implemented
for males is larger due to physical structure. The

intensity of voiced speech generated by a female is

about 6dB less than the voiced speech of a male in V. RESULTS AND CONCLUSION
identical conditions.

FORMANT FREQUENCY ASSESSMENT:

IV.MATERIALS AND METHODOLOGY ANALYSIS OF MENSTRUAL CYCLE:The
biological stages of a female life are mostly related to
the changes concerned with the ovulation and the

MATERIALS: formation of corpus luteum in the ovary, i.e., the
menstrual cycle. The onset of ovulation is an
important factor in reproduction and assessment and
treatment of Gynaecological disorders.

a. Voice samples: Voice samples were
collected from five patients lying in the age
group of 20 to 23 years. Each patient had to
utter the 52 alphabets of the Hindi character Keeping in mind the role of menstrual cycle in the
set for a period of thirty days. life of a female, it was thought to assess menstrual

cycle non-invasively. It has already been verified that

ISSN: 1998-4480 6



INTERNATIONAL JOURNAL OF COMMUNICATIONS

changes in body temperature and level of hormones
are reflected during the menstrual cycle. But they
need extensive monitoring and clinical laboratory
facilities. These techniques are time consuming and
expensive.

It is already known that these hormonal changes
during menstrual cycle alter the quality of speech.
Due to the availability of different audio recording
and analyzing software available presently, the effect
of menstrual cycle on voice has been studied. Day to
day formant frequency measurement of some women
have been recorded and it has been observed that
formant frequencies share a close relationship with
the hormonal changes occurring in a woman, thus
representing the menstrual cycle of a woman.

The measured formant frequency measurements of
few samples have been displayed in table 5.1(a). and
Table5.1(b).

Further Figure 5.26 and 5.27 clearly display the onset
of menstrual cycle. The plot and be used to indicate
the fertile period as well as hormonal disorders.

Though the observations have been recorded for the
entire Hindi character set, the behavior of formant
frequency response was same for all the segmental.
Also a sudden change in area is observed in the
vowel triangle during the onset of the menstrual
cycle. This is a clear indicator of the menstrual cycle
being reflected acoustically. This by monitoring the
formant frequencies, and vowel triangles, menstrual
cycle can be assessed non-invasively.

Table 5.1(a): first four formant values for a for
speakerl
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A[FL[F2 [F3[F4 FL|F2 [F3 | F4

89| 14| 25| 43

1.1 06 | 65| 50
9% | 9| 5| 5
71177 91 9

50| 26 | 28 | 45
8. 140 |91 75
7| 4] 3| 3
55135] 91| 99

38| 10 | 26 | 42
4.1 72| 93| 49
38| 5| 9] 3
1112701 ] 1

41| 22| 29| 45

9.119| 12| 37
6| 1| .7| 4
18| 71| 26 | 94

36| 12| 25| 45

7.1 13| 32| 13
27 1 7| 7
781 92| 74| 08

42 | 24| 32| 43

4.1 49| 06 | 24
49| 3| 5| 1
04|36 | 3|89

47 | 18 | 37 | 47

6. 43| 31| 05
60| 7| 0| 4
84| 56| 79| 67

34| 11| 30| 42

3.1 58| 40| 55
12 3] 5| 5
321 49|57 8

A< o glw<k 2 gdv @2 gk o QO
A 9 gk 2 g 2 gk 2 gle o
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D |68 18| 32| 45 D|40| 23| 33| 41
a | 3./21|59] 10 a | 9115|7235
y |20 O 3| 5 y | 65| 5| 0] 5
5 8| 73|89 26 5|8 |58|,08| 7
D|72] 10| 31| 42 D | 48| 16 | 27 | 43
a | 083|265 12 a | 2.|15| 88| 41
y |28 7] 9] 4 y |93 2| 8| 6
6 | 81| 3|82]| 36 6 | 82| 79| 91| 26
D|39] 95| 23| 39 D |44 | 17| 29| 42
a | 9./ 8190 99 a | 4.|63| 48| 01
y |46 62| 2| 2 y |8 4| 7| .8
7 18| 04|89 94 7 | 08] 39| 48| 85
D |47 | 12| 24| 42 D |38 26| 29| 41
a | 3./9 | 10| 68 a | 3. /14|10 79
y |97 3] 5] .0 y |99 9| 0| 6
8 | 87|04 8| 97 8 | 69] 21| 11| 18
D|61] 11| 26| 43 D|57|21]| 27| 38
a | 0. 19706 21 a | 7.163|99] 35
y |79 2| 6] 8 y | 58| 6| 1] .7
9 | 1152|7679 9 | 32| 64| 78| 06
D D

a | 55|10 14| 42 a | 49| 25|28 45
y | 5.11]91] 35 y | 9.| 48| 53| 06
1 (77 3| 6| .0 1 140| 0| 9| 4
09202 32| 12 0 | 01|39 45| 58
D D

a | 43|10 20| 43 a | 36| 17| 28| 42
y | 1.]00| 95| 37 y | 6.190| 02 20
1 (93] 4| 6| 8 1 13| 9| 1| 4
1 129]09]| 24| 62 1 8|38| 34| 95
D D

a | 34,80 19| 37 a | 44| 21| 28| 43
y | 3. | 4.] 27| 87 y | 4.181| 74| 42
1 (21)71| 8| .3 1 (78| 8| 3| .5
2 | 73188 76| 39 2 |11 24|65 21
D D

a | 38|93 |21 44 a | 47| 24| 34| 46
y | 2. 6.] 40| 47 y | 6.]92]| 32| 94
1 (76| 14| 8| .2 1 (57| 0| 2| .8
3 1(82] 9] 57 3 183|22| 5|06
D D

a | 58| 12| 22| 43 a | 41| 25| 28| 46
y | 4. 75| 47| 03 y | 7.141] 00| 71
1 (13| 6| 2| 4 1129 8| 4| .2
4 | 56| 71| 22| 83 4 176|35| 5] 06
D D

a | 5110 20| 41 a | 36| 15| 27| 39
y | 9.111] 14| 01 y | 2.| 48| 64| 08
1|55 .0 4| 1 18| 6| .7 .5
5142983771 511691 2| 28
D D

a | 36|79 13| 34 a | 41| 21| 30| 47
y | 1| 7.] 20| 34 y | 0.]23] 61| 05
1 (7809 3| .9 1126 8| 3| .8
6 | 11| 61| 37| 39 6 | 27| 02| 74| 19
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D D D D
a | 40| 99| 19|43| |a |35|15| 27| 37 a | 53|88|17|42| |a |46 24| 27 46
y | 5] 6|3]14] |y | 0]|45]| 15| 85 y | 6] 3|73/66| |y | 1.|66]|38]| 28
1]13]|76| 5| .1 118/ 0| 2| .2 2 |06|5| 5| .7 2 |97 6| 4] 2
7 | 12|53 |57|57| |7 |44| 74| 61] 07 8 | 76|87 |53|91| |8 |51|05|42]85
D D D D

a | 58|14|27| 44| |a | 45| 24| 28] 42 a | 37|11]19|45]| |a | 35 30 | 39
y | 1.]92][92(33| |y | 3| 15|56 68 y | 8|58|3|77| |y | 3]|18|59]| 74
1118/ 8| 6| .1 1]194| 8| 4| 1 2 40| 0| 4| 8| |2|07|09| 5| 4
8 | 31|21|26|89| |8 |35 11| 23|59 9 | 1(88|58|29| |9 |44] 9|32/ 17
D D Table 5.1(b): first four formant values for a and ae for
a | 37/90|18|38| |a |30]|93]|26] 35 speakerl

y | 3| 8|10 73| |y | 8| 4|49] 62

1|18 |8 | 1| 6 1 198|9%4| 2| 4 g |F1|F2 |F3 | F4 CIlFiTE21E3]|F4
9 | 05|22|35(28| |9 |33]|93|12]43 a h

D D a

a | 38|97 19| 43 a | 36| 16| 29| 39 DI36] 14 27] 38 DI/ 161 39| 43| 45
y | 6./ 5|8 |04] |y | 8037009 a | 8|11 47| 30 a | 13]69|03]| 24
2 101(33|] 5| .2 2 118 6| 4| 6 y [ 28| 9| 0| 4 y 301 6] 11 .0
0 15| 08 | 77| 79 0 56 | 12 | 41 1 1 82 | 85 9| 17 1 44 | 74| 41| 71
D D D|25] 15| 27| 41 D|[98] 24| 41] 46
a 551 12 | 23| 43 a 44 | 21| 29 | 45 a 1.1 381 94 | 23 a 3.100! 85| 69
y | 3./06| 47133 |y | 846|355 62 y | 78| 3| 2| 2| |y |53] 0| 4] .9
2 79| 1 T1] .6 2 13| 5| .6 .3 2 021 85| 67| 38 2 181 32| 65| 17
1 121 96 | 59 | 49 1 97 | 44 | 05| 23 DI 351 13] 29| 45 DI 111 311 41 46
D D a | 7.]41| 24 28 a | 64| 94|91 69
a | 42| 11| 17| 45 a | 60| 23| 29| 46 y |40| 3| 5| 2 y | 2| 8| 1] .6
y | 3.]86| 87|60 y | 1.|82]|59] 40 3 | 74| 05| 58] 46 3 |56|62|65]|51
2 67 4 5 5 2 16 T .0 .0 DI 421101 30| 44 DI 19| 271 36| 44
2 1 71104/46)94| |2 | 3|]73]21]01 a| 1.]05|56|23| |a|92]|10]61] 37
D D y |8 4| 2| 7| |y | 9] 5| 1| 3
a | 651112341 | |a | 40| 16 37 4 | 33|68|67|66| |4 |93|51]69] 23
y | 0./ 8L|65]34| |y | 1]93]27|79 D|42]17]|30] 45 D|12]31|41] 45
2 40 .6 2 3 2 55 1] 18 .6 a 2.1 44| 64| 80 a 76 | 34| 28 | 75
3 195|15| 21| 42 3 122|117 | 2| 69 y 36| 0] 9] 1 y 61 ol 8| 0
D D 5 | 99| 45| 58 | 66 5| 07| 22|33] 36
a 38| 81| 15| 40 a 43 | 17 | 27 | 45 D58l 11| 29| 421 D | 121 26| 42

y | 998 |17101] |y | 5 |8l| 2460 a | 0.|43|/87|59| |a |59|01]|71] 46
2 24117 6| .8 2 (8] 6| 3| .7 y |09| 3| 2| 5 y 61 0ol 3185
4 {41125 11| 3| |4 |04]52]12] 59 6 | 29| 25|63 |81 | |6 |57]53]15]| 2
D D D|[39| 122439 [D|12]29] 42| 47
a | 33| 78| 18| 38 a | 43| 20| 27 | 45 a 91521 801! 62 a 13| 53| 87| 80
y | 4| 5|47 (23| |y | 0.]77]15)37 y | 63| 2| 9| 6| |y | 8| 8| 5| 8
2 17 | 29 41 3 2 72 T 2 .0 7 14| 46 | 04 | 66 7 61| 83| 94 9
5| 77| 9] 467 |5 149]93| 921 D|35] 12| 21 D | 18 | 36 | 41 | 46
D D a | 1.]04|37|43| |a|03]|77]43]88
a | 36| 11| 16| 40 a | 46| 27| 30| 46 y | 58| 3| .7| 54 y 41 4l 1| 4
y | 8102|2132 |y | 2|68]|40| 05 8 | 16| 08| 95| 4| |8 | 49| 52| 67|89
2 | 76| 4| 0] 7 2 |11 1| 5] 5 D 123 o8 | 21 20 D 38 | 22 [ 27
6 | 34|63|38|79| |6 | 45| 08|04/ 92 alololiolss!| laliz]asl 27! 96
D D y 3534 0| 2| |y |o09| 6| 8] 8
a | 38103143 |a |35)|15]31 9 | 47| 53| 28| 32| |9 | 6|11] 42|02
y | 9| 9796 |46 |y | 8 |17 |92 45 D| 40| 76| 14| 38| |[D | 18] 39| 44| 50
2 |08| 9| 1| 8| |2|62| 8| 7|25 alsalel77l17l lal77la7!| a2 57
7194432798 |7 |71|41|42] 4 yl7a|8| 7| 9| |y| 1| 3| 5| 6
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1]o4a]14]02] 2] [1[36]63]15] 41 2 [65] 7[71[48] [2[33]88]84] 84
0 0 1 1

D D D D

a | 46| 62| 14| 36| |a | 17| 34 | 44 | 47 a | 46| 10| 19| 45| |a | 16| 32| 44 | 47
y | 9./ 6.183|27| |y |59]|19| 00| 62 y | 6.191|29|32| |y | 75| 64| 45| 97
1 43|55 5 1| |1| 9] 4] 9] 3 2 | 94| 3| 4| 8| |2] 9| 3| 6| .2
1 |06|68|96|49| |1 |81]05]|69]|94 2 | 45|67 | 8[84| |2 | 79| 05| 18] 45
D D D D

a |40 78| 19|39 | |a | 17| 37| 44| 46 a |44]97]22(39| |a

y | 4| 4| 73|/00| |y |50|73|74] 9 y | 5] 9.|75|81| |y

1/09|69| 8| 5| |1 | 5] 4] 7] .0 2 198[94] 0| 7] |2

2 |53|07|13[86| |2 |9 |73]|75]|59 3 /67 |21|84|48]| |3

D D D D

a |44 | 64| 18| 39| |a | 19| 34| 45 a |47 75| 15| 41| |a | 11| 19| 41| 47
y | .| 7.]169|07| |y | 28| 79|25 y | 1.| 6.]91|81| |y |70|95|31]15
137|040 3| |1 | 9] 2| 9]48 2 10543 7] 0| |2 ] 4| 9| 3| .7
374|088 |11 [3| 4[83|55]|53 4 | 22316316 [4[22/09]|64] 9
D D D D

a [38|13| 24| 42| |a | 18| 27| 42| 46 a [37]78|23|43| |a | 13| 33| 44| 49
y | 6./20] 9 |10| |y | 70| 46| 63] 30 y | 22| 40135 |y |87|77|89]73
1|03 4| 31| |1| 6] .0 0|23 2 |76|68| 6| 0| |2 | 5| 6| 8| .1
4 | 05|66|38|99| [4[15]| 11| 13|87 5| 8|72]28[02] |5 |94]|42]|62]|15
D D D D

a | 41|87 | 24| 41| |a | 84| 20| 43| 45 a |44 12| 34| 47| |a 28 | 41| 46
y | 30 |06|06| |y | 5|81]|36]|04 y | 2021|9449 |y | 15|99 61| 26
187|185 7 1| |1 |19] 7] 9] .0 2 (07| 8] 6| 8| |2 |25 1| 1| .9
5 /98| 76| 78| 42| |5 |48|88|35]|96 6 | 5|72/06[09| |6 | 6|94]| 75|83
D D D D

a | 49| 14| 28| 47| |a | 18| 40| 43| 48 a |40 | 96| 26| 42| |a | 16| 36| 44 | 49
y | 5.|46|37|98| |y |42|00| 73] 20 y | 7./ 558|966 | |y |55|46|57]|75
13| .0 5[5 |1|.8] 8] 4|2 2 |52|29| 8| 6| |2] 6| 0| 3|5
6 | 2|28|28[88| |6 |56| 73| 24|68 7 19909209 79| |7 ]07]91]|51|71
D D D D

a | 48| 12| 32| 47| |a | 13| 30| 42| 47 a | 46| 10| 18| 45| |a | 18| 35| 43 | 47
y | 8|98 | 71| |y |67|42]|08] 36 y | 44589/ 04| |y |89 36|61]20
13| 1|0 2| |1| 6] 6] 3|6 2 |03 1] 1] 0| |2] 9| 6] 1| .7
7 | 12| 76| 44|18 |7 | 59| 47| 28| 94 8 | 4|73/ 09|56| |8 |21|77]|33]|64
D D D D

a |46 12| 21| 41| |a | 18| 22| 40| 45 a | 45| 11| 27| 47| |a | 16| 36| 43 | 47
y | 8/19|82|89| |y | 77|08/ 40|50 y | 8|68|98|25| |y | 25| 72|56/ 03
13| .9 5] 3] |1|.7] 9| 6| 4 2 /9| 5] 3] 0| |2] 1| 5| 4| .9
8 | 6|/21| 5[33| |8 |21]45|56]|18 9 /138|64|18[93| |9 | 63| 72]47] 48
D D Table 5.2: first four formant values for ga and cha for
a 50 | 11 | 23| 43 a 92 | 22 | 42 | 47 speaker 1

y | 3./69]|13|55| |y | 3|10|63] 11

1184 51 .5 .11 11705 .00.7).6 ja|FL[F2[F3[F4] [J [FL][F2[F3]F4
9 | 71| 25|67 07| |9 |99|67]|86]091 h

D D a

a | 44187123140 ja | 1232 42 D|13[33[42|47| |D| 16| 26| 41| 44
y | 2./ 0.166 |56 |y |28|94/ 70 48 a | 72]26|49|34| |a | 88| 19|82 75
2 |5 |17 9| 3 2 | 1) 3| 418 y | 6] 3] 9] .1 y| 5] 2| 2] .8
0 | 67)42]56 68| |0 |75] 8|41l | 1 1 |17|54|87| 5| |1 |68]|89]|37]|36
D 428324141 D |13] 334348 D|85| 18|40 45| [D|12] 18] 41] 45
a | 4|8 168 04| |a | 9350|8762 a | 1.3 |32|81| |a|06|4]71|11
y [42]45] A| 5| |y | 6] 2] 7] 0 y |76 9| 1| 9| |y ]| 1] 2] 1] 9
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2 |27 13|51 | 34 2 |97 95| 97| 97 a | 48| 48 | 18 | 67 a | 52|47 |19 81
D | 88| 27| 41| 46 D | 13| 23| 40 | 43 y| 5] .0] 2] .0 y | 3] .7] 1| 38
a | 2.|16| 18| 36 a | 5142|2190 1 |14 27| 1] 43 1 [ 13| 95| 27 | 49
y | 56| 5| 5| 7 y | 7] 6] 9] 1 5 5

3 1|93 ] 55| 54 3 4194127 6 D D

D | 15| 38| 44| 48 D| 18| 21| 37| 42 a | 13| 32| 43| 48 a | 15| 26| 42| 46
a | 90| 97| 37| 81 a |3 |08|51]091 y | 28|79 02| 08 y | 16 | 80| 02| 30
y | 6 .7] 1] .8 y | 8] 6] 4] 1 11 4] 6| 9| 2 110 6| 1| .3
4 107 |55|97| 1 4 |11 3|65| 2 6 | 15| 68 | 58 | 93 6 | 52| 01| 42| 41
D | 20| 38| 44| 48 D| 18| 30| 39| 44 D D

a | 65| 75| 63| 16 a | 80| 14| 60| 33 a | 90| 25| 41| 46 a | 16| 31| 41| 45
y | 8| 6] 9] .6 y | 4] 5] 8| 2 y | 3.|11| 54| 68 y | 14| 12| 56 | 44
5 5] 11| 24| 99 5 42| 72| 97| 9% 1 (01 3| 9| 4 119 .7 7| 3
D| 72| 11| 30| 46 D | 96| 27| 41| 47 7 | 36| 67| 65|65 7 14308 04| 99
a | 7.025|10]| 11 a | 4104|944 18 D D

y |23 0| 3| .6 y |61 3| 2| .7 a | 11|18 | 37| 43 a | 10| 19| 36 | 42
6 1| 45| 52| 06 6 | 12| 41| 35]| 75 y | 15| 26| 13| 22 y | 97| 15| 33| 45
D | 12| 30| 43| 47 D | 13| 28| 40 | 44 1| 3 3| 1| .8 11 3] 5] 2| .1
a | 33|52 18] 65 a | 51|76 78] 83 8 [ 83|85 93|69 8 | 75| 06| 01| 65
y O 5] 2] 1 y 8| 3] 4] 5 D D

7 | 8702|9477 7 [ 09] 09| 28| 08 a | 90| 32| 43| 49 a | 17 | 33| 41| 47
D | 15| 38| 40| 46 D| 17| 26| 38| 43 y | 9.| 34| 46| 26 y | 44| 10| 89 | 10
a | 38|95 30| 53 a | 73|21 85| 92 1 12| 8| 6| .7 11 .2 9] 7| .8
y | 71 2] 1] .6 y | 4] 5] 1] .9 9 1436912 2 9 | 4299 4| 81
8 | 35| 98| 68 | 56 8 | 15| 37| 65| 53 D D

D |90 29| 43| 47 D | 19| 27| 42| 48 a | 10| 40 | 43 | 48 a | 16| 29| 42 | 45
a | 5 60|54 44 a | 04|29 93] 17 y | 95|51 10 12 y | 01| 77| 15| 82
y |94 7] 3| 5 y | 0] 6] 1] .3 2| 4] 5| 7] .6 2| 5| 5| 91
9 5] 52| 07| 28 9 6|52| 79| 17 0|11 6|66] 6 0 1] 74| 63| 92
D D D D

a | 96| 26 | 43 | 48 a | 18| 25| 41| 45 a | 85| 36| 43| 46 a | 19| 27| 41| 43
y | 8|66 10| 42 y | 48| 68 | 52 | 42 y | 6./60| 74| 28 y | 741 00| 03 | 60
1 (07| 6| 6| .3 1 6| 5| 8| 5 2 |11} 1| 6| 6 2| .2 0| 5| 3
0 | 66|54]|95]| 73 0 |48|63|3 | 9 1 | 54| 26| 57| 88 1 03]03[36]| 6
D D D D

a | 81| 27| 43| 46 a | 13|23 | 41| 44 a | 85| 24| 40| 46 a | 13| 25| 39| 43
y | 0.|23]| 77| 88 y | 43| 23| 11| 87 y | 7.1 89| 38| 56 y | 34| 60| 62| 79
1119 4| 5| 8 11 .7 5] 3| .1 2 160 6| 6| .9 2| 3| 6| .7 6
1 |[54]93| 5|77 1 |129|33|98| 4 2 |1 62] 8|97 |77 2 | 22| 29| 47 | 58
D D D D

a | 10| 24 | 42 | 47 a | 96| 18| 38| 44 a | 49| 18 | 40 | 46 a | 66| 19| 39| 44
y [ 91| 13| 80| 15 y | 5. (87|40 73 y | 1.| 48| 16 | 67 y | 4. | 44| 60| 43
1 (.7 0] 0] 3 1 (53| 6| 6| .7 2 |68 6| 8| .3 2 | 63| 3| .0 .3
2 | 25| 66| 06| 11 2 119]| 78| 82| 78 3124 6]04] 43 3 ]195| 83| 65| 88
D D D D

a | 62| 19| 42| 45 a | 16| 26 | 41 | 45 a | 11| 31| 44| 49 a | 18 | 27 | 40 | 47
y | 9.110]| 34| 02 y | 8| 37| 97| 80 y | 08| 25| 68| 74 y | 490299 11
1 |41 4| 7] 9 11 .7 6| 9| .2 2| .0 3| 8| 1 2| 6| 8| 5| 6
3 |134|68]59] 12 3 |142|9|97| 7 4 |24 9] 36|05 4 715288 34
D D D D

a | 17 | 39| 44 | 47 a | 19| 33| 41| 48 a | 10| 31| 44| 49 a | 15| 34| 43| 49
y | 24|20 | 39| 82 y | 93| 41| 86| 24 y [ 09| 14| 82| 37 y | 03| 36| 30| 60
11 4] 5| 8] .9 11 8| 9] 5| 5 2| 9] 4| 1] 4 2 | 2|1 .7 3.9
4 | 04| 47 | 65| 05 4 2| 1| 3| 67 5 | 58] 74|92 16 5 4196| 21| 15
D | 11| 27| 43| 46 D | 18| 25| 41| 44 D | 87| 34| 43| 47 D| 15| 25| 41| 45
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3.139| 23| 85
721 9| 8| .8
61| 94| 32| 86

98 | 38| 02| 23
3| 6| 5| 8
42 |1 84| 29| 13

12| 32 | 43| 50
53| 24| 97 | 68
O 9] 7] 2
6818191 7

16 | 33 | 41| 47
28 |1 98| 75| 90
O .1] 7] 6
86| 88| 31| 55

13| 33 | 43| 47
08| 39|85 11
0| 4] 3] 3
451 24| 2| 34

18 | 36 | 42| 45
141 25| 51| 39
21 .2 .0] .0
48 | 08 | 82 | 48

50 | 29| 42| 47
5101| 35| 08

14 | 32 | 42| 47
. 0335|9329
77 8] 3| .0 d| 8] 6] 3
61| 7] 28] 2 97 | 86| 48 | 81

O ® gloNn< ©» gNuN< o gons o

O ® gloNn< © gNNN< o gons o

Table 5.2: first four formant values for ja and jha for
speaker 1

FL|F2 [F3 | F4 FL|F2 [F3 | F4

—
)

26 | 15| 26 | 42
9.192| 74| 95
73| 3] 7| .3
67| 16| 17 | 67

50| 17| 31| 42
4.1 58| 06| 85
70| 3| 4| 7
32| 26| 45| 84

271 20| 29| 41
2. | 07 | 46 | 45
491 1| 7| 9
36| 48| 06 | 65

23| 18| 30 | 43
5.1 71| 52| 80
471 6| 1| 9
32| 27| 57| 86

27 | 15| 29 | 42
8.169| 95| 17
30 9| 3| .2
16 | 32| 44| 18

40 | 17| 27 | 41
9.1 59| 44| 83
8| 6| 0] .9
514292 21

28 | 18 | 29| 43
5.1 26| 49| 30
o1 1| 7] .9
84| 59| 47| 39

42119 | 28 | 38
6. | 60 | 28 | 97
57| 6] 9| .0
03] 34] 14 39

41| 18| 38 | 43
3.] 46| 10| 56
65| 0| 6| 4
36| 93| 51| 88

56| 16 | 31| 43
5.1 11| 13| 72
70| 4] 3| 5
82| 55| 81| 45

541 13| 28 | 41
1.| 84| 67| 52
68| 3| 5| .3
581 35| 73] 23

55| 13| 29| 39
1.| 49| 78 | 87
06| 0| 9 1
38| 78| 8] 53

30 31| 39
1. 92 | 83
88| 15| 8| .8
93 13| 29| 28

37| 17| 24| 43
2.1 02| 24| 26
58 7| 8| 3
33|87 2|4

28 | 14| 29 | 43
6. 34| 49| 25
54 3] 3| 8

26 | 17| 20 | 36
0.]24|92] 97
371 7] 6] 3

< o gV 9 goxk o9 gk o gk 9 gl 2 g o gLk 2 QO
< o gV 9 goxk 9 gk o gk 2 gk 2 gk o gk v gy o
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8 [25]13] 3|26 [8 |87 9]89] 22
D|41| 14| 26| 44| |D | 24| 18] 23 38
a | 0]75095[65| |a|3|2] 77|94
y |22 4] 9| 8| |y |42]| 0| 8] 3
9 [38|11| 24| 76| |9 | 74| 35| 26] 81
D D

a |43] 15| 27| 42| |a | 27| 16| 28| 44
y | 7.1 8]99|81| [y | 4|56/ 41] 49
118 8| 5| 9| 14| 2| 6] .2
0 |76[39|35[85| |0 |99| 756|099
D D

a [ 31]10] 25|41 |a |28 16|29 44
y | 4|79 42]62] |y | 7./ 9] 76| 18
1 24| 3| 4| 1| |1 ]|22] 0| 5] .7
1 73|73|97|46| |1 | 9| 48| 3] 97
D D

a | 50| 15|29 (43| |a | 25| 14| 27| 42
y | 1.]30|89|42]| |y | 3|15/ 46 | 54
1 /46| 8| 8| 6| |1 ]|08] 3| 5] .2
2 | 23|86|28| 15| |2 | 66| 14| 46| 66
D D

a 41122239 |a |24| 27|20 | 4
y | 2| 8|91|69| [y | 3|28]|78] 24
1 42| 8| 2| 2| |1]|98]| 6| .7| 8
3 |73|/68|75[38| |3 |81| 24902
D D

a | 26]16| 25|40 |a |25| 17| 25| 39
y | 3.137|56|49| |y | 2.]|45]| 13| 62
1 /37| 8| 8| 3| |1]|62] 3| 1] .7
4 | 45|82 ]02|29| |4 |37]|37]|53]59
D D

a |40 12]23[37| |a |24| 15|25 38
y | 518 ]46|32] |y | 3]|71]17]62
14| 0| 6| 6| |1]|68] 1| 6] .6
5 | 48| 45| 29| 46| |5 | 07| 16| 13| 36
D D

a | 38]15]25[40| |a | 23] 19 4
y | 9./26]19]95| [y | 8]05]|23]| 28
1081 6| .7 9| 14| 7|7/ 6
6 |16|33|81|26| |6 | 99|54 487
D D

a | 33[11|24|39| |a |23| 16| 28] 42
y | 6.]12|55|88| |y | 6.]35]02]92
1|70 2| 2| 8| |1]|66]| 2| 0] .9
7 |52 44| 79| 2| |7 |64]| 99| 73] 86
D D

a |41]17] 26| 35| |a |42| 18|28 39
y | 0.|24|38|54| [y | 9]45]|75] 33
1|70 5| 7| 5| |1]|69| 3| 3| .7
8 |42|21|78| 13| |8 |41|35| 2] 33
D D

a | 38]10|27|40| |a |53|14]| 17| 42
y | 8|9 |20|51] [y | 2|50/ 65] 69
1 /50| 4| 9| 8| [1]11] 0] 9] 1
9 |77 |74|78|98| |9 |290|03]| 4|21
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D D
a | 41]18|33|46| |a | 50| 86| 19| 37
y | 7./ 48|50| 88| |y | 4| 5 ]55] 70
2 (00| 4| 4| 5| |2 |61|13| 2| 1
0567904 3| |0 02]93|02]| 5
D D

a |39]|15|33[45| |a | 33|70 19 42
y| 9|60|87]07| |y | 8] 7.]98]73
2 8| 0| 6| 4] |2 |67]|05] 9| .7
1/16|79| 4|73| |1 ]| 3| 04| 98]53
D D

a | 3411|2041 |a 53|11 18] 37
y | 1.]96|69|87| |y | 6.]07]|51] 36
2 (91| 2| 3| 3| |2 |25| 9| 9| 4
2 | 24| 6/83|62| |2 |64]| 96| 04] 79
D D

a |42 14| 25|43| |a | 48| 10| 19| 37
y | 5 /68|47|52] |y | 2.|28]|51] 16
2 50| 1| 9| 4| |2 31| 9| 2| 1
3 ]o01]11] 3|77| |3 |72|73|28]|34
D D

a | 34]10] 22|40 |a 54|11 19] 39
y | 5/68|33[36| [y | 3]66]|29] 63
2 55| 4| 6| 1| |2 32| 1| 8|7
4 | 52]05|34|79| |4 |02|99]|31]76
D D

a |41]15|31|43| |a |52|15|20| 41
y | 2|72]01]|60| [y | 9.]01]|88] 34
2 (81| 3| 9| 6| |2 |53| 2| 9| 9
5 55| 4|87|64| |5 | 72|57 0832
D D

a | 41]18|37|45| |a | 46| 13| 16| 40
y | 3 |11| 40| 48| |y | 5| 48| 73] 39
2 29| 9| o 1| |2 |53| 7| 7| &
6| 1/86|58|43| |6 | 77| 76| 62]| 96
D D

a | 35]15|27|40| |a |43| 16| 19| 44
y | 3.]79]23]89| [y | 9]63]|34]40
2 59| 9| 7| 0|l |2|08| 0| 0| 0
7 | 2746|290 | 52| |7 | 97| 57| 36| 4
D D

a | 40| 16|37|45| |a |52| 11|21 39
y | 5]26]92]41| [y | 9.|18]| 96| 95
2 (41| 2| 9| 0| |2|19| 5| 0| 1
8 |57|43|84| 5| |8 |52|62| 7| 3
D D

a 18| 30| 44| [a | 47| 10| 18] 35
y | 36| 45|86 | 98| |y | 8]97|71]92
2 9| 5| 9| 2| 2|5 5| 4|9
9 [79|91|23|36| |9 |87 42| 66] 35
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a) 30 day plots for utterances
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Fig 5.1: fourth formant for a

Fig 5.2: fourth formant for ae

B

Fig 5.3: second formant for cha

Fig 5.4: fourth formant for ga
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Fig 5.6: third formant for jha

Fig 5.9: fourth formant for da

30 day vowel triangles for a, I and u in
the plot :

Fig 5.7: fourth formant for jha fig 5.10: dayl vowel triangle

ISSN: 1998-4480 13
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Fig 5.11: day 2 vowel triangle Fig 5.14: day 5 vowel triangle

- T T T - - F L L L L L L I L

Fig 5.15: day 6 vow el triangle

Fig 5.12: day 3 vowel traingle

Fig 5.13: day 4 vowel triangle Fig 5.16: day 7 vowel triangle

ISSN: 1998-4480 14
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Fig 5.17: day 8 vowel triangle Fig5.20: day 11 vowel triangle

T T T T T T U T T

Fig 5.18: day 9 vowel triangle

Fig 5.23: day 12 vowel triangle

Fig 5.19: day 10 vowel triangle

Fig 5.24: day 13 vowel triangle

ISSN: 1998-4480 15



INTERNATIONAL JOURNAL OF COMMUNICATIONS Volume 10, 2016

. . Fig 5.28: day 17 vowel triangle
Fig 5.25: day 14 vowel triangle

i

Fig 5.26: day 15 vowel triangle Fig 5.29: day 18 vowel triangle

Fig 5.30: day 19 vowel triangle

Fig 5.27: day 16 vowel triangle

ISSN: 1998-4480 16
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Figure 5.31: day 20 vowel triangle

Fig 5.32: day 21 vowel triangle Fig 5.35: day 24 vowel triangle

Fig 5.33: day 22 vowel triangle Fig 5.36: day 25 vowel triangle

ISSN: 1998-4480 17
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3000 N

250 / ™

=0 k] k) 40 40 £

Fig 5.38: day 28 vowel triangle

W k] w L L 1
1 e}

o
F=3

Fig 5.39: day 29 vowel triangle

ISSN: 1998-4480
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] § L] 1 A 5
daysiy 1 1748 14 Hezding days)

Fig 5.40: variation in area of vowel traingle with days

(day 16, 17, 18, 19-menstrual phase, day 8- angry,
day 9-tensed, day 26-tensed)

V DISCUSSION AND FUTURE SCOPE

From the point of view of our studies, it has been
observed that the uterus undergoes a change in
length, width, thickness, weight etc. during the
menstrual cycle. It has been discussed earlier that the
formant frequency F3 is an indicative of change in
length of the resonating cavity, and F4 is a measure
of width, thickness of the changes in the cavity. The
changes in formant frequencies were clearly observed
during the menstrual cycle in all four formants,
however it was dominant in the fourth formant
frequency, F4. A significant change in F4 value
mostly was observed during the menstrual phase
from day 16 to 19, as shown in Figures 5.1 to 5.9.
This further confirms that the physiological changes
during the menstrual cycle are reflected in speech.
Other notable changes in formant frequency values
were observed on day 9, 10 and 26, which the patient
had mentioned as emotional distress due to external
factors. Hence emotional disturbances are also
detectable through digital speech processing.

To support the observations of the formant frequency
analysis, vowel triangles were plotted for each patient
for the 30 days (Figure 5.10 to Figure 5.38). The
observations were similar to that obtained using
formant frequencies. Days 9, 10, and 26 had notably
higher values due to emotional distress. A sudden
increase in the area of triangle was observed starting
from day 16 to day 19 (Figure 5.39), during the
menstrual phase. However, this was followed by a
sudden drop in the area, on day 20 which marked the
end of the Menstrual phase and the beginning of the
Proliferative phase. The sudden increase of the area is
synchronous with the sudden decrease in oestrogen
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and progesterone with the onset of the menstrual
phase, the fall in the area of triangle is in synchrony
with the rise in oestrogen level at the end of the
menstrual phase. This observation can also be used to
account for the fact that decrease of oestrogen results
in the depressive mood swings which are common to
many women during the onset of menstrual phase,
and higher levels of oestrogen stimulate a more
relaxed behavior post menstrual phase. Thus these
results indicate that speech can be used to diagnose
and monitor the menstrual cycle and can be used to
develop faster, cheaper, non-invasive alternatives for
hormonal analysis that can be used even in rural areas
that lack from laboratory set ups.
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