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1.1
| NTRODUCTI ON

Voi ce has been defined as "the |aryngeal nodul ati on of
the pulnmonary air stream which is further nodified by the

configuration of the vocal tract" (Brackett, 1971).

Voice plays an inportant role in speech and | anguage.
The production of voice depends on the synchrony between the
respiratory, the phonatory and the resonatory systens. Any
anatom cal, physiological or functional deviation in any of
these systens would lead to a voice disorder. Therefore
voi ce problens nust be treated i.e. help nust be providedto
the individuals with voice problens to overcone the problens

or at least to cope with the problem

"The treatnment of patients suffering from dysphonia
depends up to the ability to assess initially the type and
degree of voice inpairment and also to nonitor the patient's
subsequent progress throughout treatnent” (Kelnen, 1981).
"Diagnosis is intended to define the paraneters of the
problem determne etiology and outline a |ogical course of

action (Emerick and Katten, 1979).

Managenent of voice disorders is through nedical or
surgi cal and/or through therapeutic intervention. The term
"voice therapy' refers to the training or retraining of
voice in terns of pitch, tone, quality, volunme, breath
support and rate. Voice therapy has truly becone a blend of

art and science.
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Voice therapy is of different forms. It is highly
i ndividualized. Attenpts have been nmade to treat different
voi ce di sorders such as hoarseness, nasality and pitch
problens solely by changing the pitch (WIIlianmson, 1944 and
Masnemer, 1952).

Most voice therapy involves the identification and
elimnation of faulty vocal habits and their replacenent by
nore optimum ones. The basic input nodality in devel opi ng
appropriate phonation is the auditory system particularly
the patient's 'self-hearing'. In voice therapy "we are
concerned with making the patient a critical |istener

(Boone, 1967).

The inportance of auditory feedback has been stressed

by many authors in speech and voice training prograns.

According to Boone (1967), it is the auditory feedback

system by which one can actually nonitor one's phonation.

Most of the therapies of voice disorders are based on
the belief that each person has an optinmum pitch at which
voice will be of good quality and will have the maxi num
intensity with |east expense of energy. And they concern
thenselves mainly with altering the habitual pitch |evel of
maki ng the case use his optimumpitch (Wst et al. 19571;
Thurman, 1958; Van Riper, Irwn, 1958, Mirphy, 1964, G eene,
1964) .
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Many clinicians stress on pitch discrimnation and ear

training in the treatnment of voice disorders.

"Voi ce synthesis" is the process of producing an
acoustic signal, by manipulating the paraneters in a nodel

of voice production”.

Usi ng synthesized voice, artificial pitch changing

effects can be used as an approach for vocal rehabilitation.

Hence, the purpose of the present study was to synthesize
t he dysphoni c voices, using synthesis programre, to create
voi ce which would serve as nodels during therapeutic
intervention. The research was designed to obtain synthesized
voi ce whi ch woul d approxi mate normal voice, so that it can be

given as a feedback, auditorily to the dysphonics.

HYPOTHESI S

There is no significant difference between
(a) normals and dysphonics
(b) normals and synthesized voi ce groups
(c) synthesized voice groups and dysphonics in terns of

t hese paraneters.

(i) Mean, Fundanental Frequency (Hz) in phonation.
(ii1) Maximm fundanmental frequency in phonation for /al,
i/, and /ul.
(tit) Mnimm fundanent al frequency in phonation for

lal, il and /u/.
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(iv) Frequency range in phonation.
(v) Fluctuations/sec in frequency,
(vi) Extent of fluctuations in frequency.

(vii) Mean intensity (dB) in phonation for /a/,/i/ and /ul.
(viii) Maximumintensity in phonation for /a/, /i/ and /ul.
(iXx) Mnimumintensity in phonation for /a/, /i/ and/u/.
(X) Intensity range in phonation.
(xi) Fluctuations/sec in intensity,

(xii) Extent of fluctuations in intensity.

LI M TATIONS OF THE STUDY

1. The sanple size is very small. Hence, a large data can

be collected in order to confirmthe present study.

2. Only limted types of dysphonics have been studi ed.

3. It was considered that the paraneters studied would be
sufficient to differentiate between synt hesi zed  and
dysphonics along with normals. O her parameters were not

i ncl uded.
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REVI EW G- LI TERATURE

"There is nothing nore elenental in all existence than
conmuni cation in hunans we see its ultinmate expression in the
marvel | ous vehicle of |anguage". (Van Riper and Enerick
1990) . Conmruni cation has |ong been recognized as one of the
nost fundanmental conponents of human behavior (Peterson 58).
The ability of the human beings to use their vocal apparatus

with other organs to express their feelings, to describe an

event and to establish comunication is unique to them |t
took mllions of years for human beings to develop this
facul ty. The onset of human era is recognized to have

started with the acquisition of the ability to conmunicate
using the vocal apparatus for social interaction. No normnal
person has failed to develop this faculty and no other

species is known to have developed this ability.

Speech is the audible manifestation of |anguage. It is
the one form of comunication which people use nost
effectively in interpersonal relationships. Speech is a
sophi sticated and fine novenents of the conponents of the
vocal tract and their conplex interaction with one another.
The speech results due to fine organisation, co ordination
and nodul at i on bet ween t he respiratory, phonat ory,
articulatory and resonatory system Wth speech, people give
form to their innernost thoughts their dreans, anbitions,
sorrows, and joys, wthout these, they are reduced to ani nal

noi ses and unintelligible gestures. In real sense, speech is
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the key to human existence. It bridges the differences of
di stance and helps to give nmeaning of purpose to their Ilives

(Fi sher 75).

According to Boone (1985), the act of speaking is a very
specialized way of wusing the vocal nechanism demanding a
conbi nation or interaction  of respiration, phonati on,

resonance of articul ati on.

Voice is the vehicle of speech. It is the nusical sound
produced by the vibration of vocal cords in the larynx by air
from the | ungs. The inportance of voice in speech is very
wel | depi ct ed, when one consi ders t he cases of

| aryngectonee's and voice disorders.

"Voice plays the nusical acconpani ment to speech
rendering it tuneful, pleasing, audible and coherent and is
an essential feature of efficient comrunication by the spoken
word (greene 1964). Voice is nore than a neans of
conmmuni cation of verbal nessages clearly. Voi ce constitutes
the matrix of human conmuni cation, infusing all paraneters of
human speech and uni que self, one presents to the world voice
has both Ilinguistic of non - linguistic functions. The
deqree of dependence of a |anguage on these functions varies
from for exanple, tone |anugane's rely nore upon the voice

or pitch, nore specifically than other |anguages.

Voice is the carrier of speech, variations in voice in

terns of pitch and [|oudness provide rhythm and break the



2.3

nonotony. This function of voice draws attention, when there
is a disorder of voice, "voicing" (presence of voice) has
been found to be a major distinctive feature in alnost all
| anguages. Voicing provides nore phonemes and nmakes the
| anguage br oader. Wien this information is absent or used

abnormally, it would lead to a speech disorder.

At the semantic level also, voice plays an inportant
rol e. The use of different pitches - high or low with the
same string of phonenes would nean different hings. Speech
prosody, the tone, the intonation and the stress or the
rhyt hm of |anguage are functions of vocal pitch and | oudness

as well as of phonetic duration.

Perkins (1971) has identified at least five non
linguistic functions of voice. Voice can reveal speaker
identity i.e. voice can give information regarding sex, age,
hei ght and weight of the speaker. Lass, Brong, Ciccolella,
wai ters of maxwell (1980) have reported several studies which
have shown that it was possible to identify the speaker's
age, sex, race, socio - economc status, racial feature,

hei ght and wei ght based on voi ce.

It is a prevailing notion that there is a relationship
bet ween voi ce and personality i.e. voice reflects t he
personality of an individual (stark weather 1916, Markel,
Mei sel s and Havck 1964, Rousey and Moriarty, 1965). Fairbanks
(1942, 1966) and Huttar 1967, have concluded fromtheir
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studies that the voice reflects the enotional conditions

reliably.

Voice has also been considered to be reflecting the
physi ol ogi cal state of an individual for exanple, a very weak
voice may indicate that the individual nay not be keeping
good health or a denasal voice may indicate that the speaker
has comon col d. Apart from these, it is a well known fact
t hat Voi ce basical ly reflects t he anat om cal and
physi ol ogi cal conditions of the respiratory, phonatory and
resonatory system i.e. deviation in any of these systens nay
lead to voice disorders. Qur voice reveals who we are and

how we feel, giving considerable insight into the structure

and function of certain parts of the body. (Titze, I.R
1995).

A recently developed aspect in the area of early
identification of disorders is infant cry analysis. It has
been found by many investigators (illingworth 1981, Indira

1982) that it is possible to identify abnormalities in the

neonate by analyzing their cry.

Speaker identification by voice would be of immense
value in conmputer technology (developnent of machines that
wil | respond to spoken commands), forensic nedicine
(identification of the speaker by his voice and |lie detector)

and in defence (availability of classified informtion).
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The quality of voice may becone inportant for certain
professionals for exanple radio/ TV announcers, actors and
si ngers. Thus, voice has an inportant role in comunication

t hrough speech and there is a need for studying voice.

The term 'voice' has been differently defined by
different people. The Random house dictionary lists 25
primary and secondary definitions of voice. The first of
which is sound or sounds uttered through the nouth of the

human bei ngs in speaking, shouting and singing.

Sone definitions of voice restrict the term to the
generation of sound at the level of larynx, while others
include the influence of the vocal tract upon the generated
tone and still others broaden the definition by including

aspects of speech like articulation and prosody.

Judson and weaver (1942), define voice as "laryngeal
vi brations (phonation) plus resonance" Further they state

that phonation is |aryngeal generator.

The formula P = ST has been used by Fant (1960) in
whi ch speech sound P is the product of the sources and the

transfer function of the vocaltract - T.

"When discussing the production of speech, it should be
noted, that the source S, of the fornula, P=S. T is an
acoustic disturbance, superi nposed upon the flow of

respiratory air and is caused, by a quasiperiodic nodul ation
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of the air flow due to opening and closing novenent of the

vocal fold" (Fant 1960).

M chel and Wendahl (1971), after reviewing various
definitions of voice, define voice as "the |aryngeal
nodul ation of the pulnmonary air stream which is then further

nmodi fied by the configuration of the vocal tract.

Thought there are varied definitions of voice. It is a

difficult task to define normal voice.

An attenpt has been nmade by Nataraja and Jayarama (1975)
to review the definitions of normal voice, critically. They
have concluded that each of the available definitions
of voice have wused subjective terms, which are neither

defi ned nor neasureabl e.

They have suggested the possibility of defining good
voice operationally as the good voice is one which has

optimum frequency as its fundanmental (habitual) frequency.

It is apparent that a good voice is a distinct asset and
a poor voice my be a handicap. If a person's voice is
deficient enough in some respect, that it is not a resonably
adequate vehicle for comunication, if it is distracting the
listener, one can consider this as a disorder-

In general, the followng requirenent can be set to
consider a voice as adequate as stated by |Iwata of Von Leden

(1978) .
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1) The voice nust be appropriately | oud.

2) Pitch level nust be appropriate.

The pitch level nust be considered in terns of age and

sex of the individual. Men of wonen differ in vocal pitch
| evel
3) Vocal quality nust be reasonably pleasant. This criterion

inplies the absence of such unpleasant qualities I|ike

hoar seness, breathiness, harshness and excessive nasality.

4) Flexibility nust be adequate. Flexibility involves the
use of pitch and |oudness inflections. An adequate voice
must have sufficient flexibility to express a range of
differences in stress, enphasis and neaning. A voice
whi ch has good flexibility is expressive. Flexibility of
pitch and flexibility of | oudness are not easily
seper abl e, rather they tend to vary together to a

consi derable extent.

Wlson (1962) is of the opinion that good voice should

have the follow ng characteristics.

a) Pleasing voice quality.

b) Proper balance of oral and nasal resonance.

c) Appropriate |oudness.

d) A nodel frequency level suitable for his age of sex.

e) Appropriate voice I nflections i nvol vi ng pitch and

| oudness.
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The production of voice, depends on the synchrony or the
co-ordination between the systens viz, the respiratory,
phonatory and resonatory. Voi ce production involves a
conplex and precise control by the central nervous system of
a series of events in the peripheral phonatory organs. The
cruci al event essential for voice production is the vibration
of the vocal folds it changes DC air stream to AC airstream

converting aerodynam c energy into acoustic energy.

Voi ce production can be thought of as the activation of
an entire system of coupled oscillators. The intent to
vocal i se activates notor commands that are responsible for
the neutral inputs to an array of bio-nmechanical, neural and
acoustic oscillators. The vocal folds are the primary
oscillating system that produce what we mght call the
carrier signal with glottal airflow Al these oscillators
can be thought of as nodulators of the carrier signal. Sone
of the nodulations are nearly sinusoidal (respiratory,
heartbeat) but many ar high di mensional (action potentials of
nmuscles, air vortices, mucus in notion). Yet others are
passive oscillators (tracheal resonator, supraglottal vocal
various sinuses) that can influence the primary oscillating
system

The system of coupled oscillators contains and rel eases
informati on about the human body, in particular, about its
genetics, devel opnent, age, disease, |anguage, culture, food

& drug intake, and response to the environnent. (Titze)

Fig (1)
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Two broad cateqotries of theories have domnated in
dealing wth voice production. They are Mooelastic

aerodynam c theory and neurochronaxic theory.

Myoel astic aerodynamic theory (Miuller 1843) holds that
phonation is the result of the balancing of forces of air
pressure against tension, elasticity and mass of the vocal
folds. D splaced by the air pressure the vocal folds return,
to a resting state due to conbination of factors, the chief
ones being the drop of air pressure at the glottis follow ng
the val vular opening of vocal folds and the vocal fold nass
and elasticty. They function of the vocal fold thenselves is
in large part passive. As in respiration, the final
nmovenents of the vocal folds are not under specific conscious

control .

Neur ochronaxi ¢ theroy (Husson 1950) hold that vocal fold
vibration is an active process. Motor inpulses are said to
be emtted from cortical centres to the nuscles of the folds
via the recurrent |aryngeal nerves under the regulations of a
"cochl ear reccurential reflex" vocal fold stinulation of this
kind assunes that the recurrent nerve s capable of
transmtting high frequency stinmuli i.e of the order of 1,000

i mpul ses per second.

The crucial event for voice prooduction is the vibration
of vocal folds, it changes DC air stream to AC air stream

converting aerodynam c energy into acoustical energy. From



2.11

this point of view, the paraneters involved in the process of

phonation can be divided into three nmajor groups:

1. The paraneters which regulate the vibratory pattern of the
vocal folds.

2. The paraneters which specify the vibratory pattern of the
vocal folds.

3. The paraneters which specify t he nature of sound

generated, (cotz, 1961).

Hrano (1981) has further elaborated on this, by stating
that "The paraneters which regulate the vibratory pattern of
the vocal fold can be divided into two groups: Physi ol ogi cal
and physical. The physiological factors are those related to
the activity of the respiratory, phonatory and articulatory
nmuscl es. The physical factors include the expiratory force
the conditions of the vocal folds and the state of the vocal

tract.

The vibratory pattern of the vocal folds can be described
with respect to various paraneters including the fundanental
frequency, regularity or periodicity, in successi ve
vi bration, symretry between the two vocal folds, uniformty
in the novenents of different points with in each vocal fold,
glottal closure during vibration, contact area between the

two vocal folds and so on.

The nature of sound generated is chiefly determned by

the vibratory pattern of the vocal folds. It can be specified
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both in acoustic terns and in psychoacoustic ternms. The psyco
acoustic paraneters are naturally dependent on the acoustic
par anet ers. The acoustic par aneters are f undanent a
frequency, intensity, acoustic spectrum and their tine,
related variations. The psycho-acoustic paraneters are pitch,
| oudness and quality of the voice and their tine related

changes.

Thus, voice has various functions which are varied too
and it lays a major role in speech and hence in
commruni cat i on. Therefore voice needs to be constantly
monitored and in the event of abnormal functioning of voice
an inmredi ate assessnent should be undertaken. This assessnent
wl lead to diagnosis which not only identifies the voice
di sorders, but also acts as an indicator for the treatnent

and the managenent to be foll owed.

The purposes of clinical evaluation of voice are

1. To diagnose the etiol ogical disease.

2. To determ ne the degree and the extent of the etiologica
di sease.

3. To evaluate the degree and nature of dysphoni a.

4. To determ ne the prognosis and

5. To nonitor change.

The ultimate aim of studies on normality and abnormality

of voice and assessnent and diagnosis of the voice disorder
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is to enforce the procedure which will eventually bring back

the voice of an individual to normal or optinum | evel.

The managenent of voice problem is through either

medi cal, surgical or therapeutic intervention. After the
primary pat hol ogy, i f any, IS treated t her apeutic
intervention is done, if the voice problem persists or to
correct the undesirable habits in producing voice. Agai n

based on the nature, extent and servity of the voice disorder
and/or a conbination of the intervention strategies are
consi der ed. Exanple a vocal nodule may require all three
whil e puberphonia wth pitch breaks requires only voice
t her apy. As effective nmanagenment requires, it becones
necessary to describe and use a w de battery of tests or
assessnent strategies in order to arrive at an effective

di agnosi s.

There are various neans of analysisng voice, devel oped
by different workers, to note the factors which are
responsible for creating an inpression of particular 'voice'

(Hrano 1981, Nataraja and Jayarama 1979, Rashm , 1985).

There are various methods of direct or indirect
assessnment, observations and/or measurement of the paraneters
involved in the process of production of voice. Sone of
those selected clinical exam nations which are specific or

directly related to voice include:
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a. Acoustical analysis of voice

b. Aerodynam c measurenents

c. PSychoacoustic evalvation of voice
d. Exam nation of phonatory ability

d. Methods to study vocal fold vibration these include

1. Stroboscopy

U tra sound gl otoography/echogl ottgraphy.
U tra high speed photography

Inverse filtering

Photo electric glottagraphy (P G G)

S

El ectrogl ot t ogr aphy.

ACQUSTI C ANALYSI S OF VA CE

Acoustic analysis has been considered as the basic tool
in the inestigation of voice disorder. It has been
considered vital in the diagnosis and managenent of patient

with voice disorders.

H rano (1981) has pointed out that the acoustic analysis
of the voice signal may be one of the nost attractive nethods
for assessing phonatory function or laryngeal pathol ogy
because it is non invasive and provides objective and

guantitative data.

Anal ysis of acoustic signals of the human voi ce has nany
purposes. From a technol ogical stand point, ther is an ever-
growing need to store, code, transmt and synthesize voice

signals. From a basic science stand point, investigators
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have traditionally st udi ed the mcrophone signal to
understand speech production and perception, given that the
acoustic signal is the common |ink between them Fi nal ly,
from a health science standpoint, the human voice has been
shown to carry much information about the general health and

wel | being of an individual. (Titze 1995)

Many voice tests, are, infact necessary for the
di agnosis of the etilogic disease. Further, a clinican wll
not really know what to expect with a nedical diagnosis
havi ng conpl ete physical description of larynx together wth
sone adjectives like 'hoarse' or ‘'rough' until be actvally
sees the case. (Mchael and wendahl 1971) on the other hand,
if the cilinican recieves a report which includes neasures of
frequency ranges respiratory function, jitter, shinmrer, their
related variation, noise and harnoni c conponents etc. in the
formof a voice profile, the clinician can then conpare these
values to the norns for each one of the paraneters and thus
have a relatively good idea as to how to proceed wth
t her apy. Mor eover, periodic neasurenent of these paraneters
during the course of therapy nmay well provide an useful index
so as, the success of the treatnent. (M chael and Wendahl?!

1917).

An objective method of |ocating optinum pitch was under-
taken by Nataraja (1972). This was done by stinulating the
vocal tract by an external sound source. A relation between

the natural frequency of the vocal tract and the fundanental
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frequency was developed and it was found to be 81 nmales in
the age range of 20-25 years. A ratio of 51 was found
between the two in the sane age range of fenale population

shanta (1973).

Jayarama (1975), has nmade an attenpt to conpare sone of
the paraneters of voice between normals and dysphonics. A
significant difference in the habitual fregvency neasures
were got between the subjects of both groups. Nat ar aj a
(1972), Samuel (1973), Shanta (1973) Sheela (1974), Asthana
(1977) have used stroboscope wth tacho unit and SPL neter to
determ ne fundanental frequency of voice in their studies.
The subjects were instructed to phonate a vowel in his nornmnal
speaking voice and this phonation was fed to the stroboscope
through the SPL neter and Tacho wunit. The fundanent al
frequency was read directly from tacho wunit. There are
various nethods to evaluate these paraneters stroboscopic
procedure, perdue, pitch nmeter, high speed cinematography,
digipitch, pitch conputer, ultrasonic recordings and the high

resol ution signal analysis.

There are various neans of analysing voice devel oped.
Sone of these being, the long term avetage spectrum which
provides information on the spectral distribution of speech
signal over a period of time ; spectrographic analysis, pitch

perturbations, Harnonic to noise ratio.
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VO CE THERAPY

Managenent of voice disorder is through medical and/ or
surgi cal and/or thevapeutic intervention i.e, in that order
that if nedical and surgical intervention have taken place
t herapeutic intervention is done, if the voice problem
persists or to correct the undersirable habits in producing

Voi ce.

Voice therapy has truly become a blend of art wth
sci ence. The term 'voice therapy' refers to the training or
retraining of voice in terns of pitch, tone focus, quality,
vol ume, breath support and rate. It is often inherent as an

integral part in resolving functional and organic dysphoni as.

"M DVAS" is an acronym where each seperate letter of
this word refers to the goal of x particular phase of
therapy. Briefly, 'M refers to notivation any case conmes to
the clinician, for voice therapy has to be notivated. This
is the primary phase of rehabilitation. The second phase of
therapy in which the basic goal is the identification and
eval uation of various factors in the client's problem This
is the period of self st udy, of self expl oratory.
Desensitization is the third major phase in the treatnent.
The major goal in this part of the therapy is to toughen the
case to those factors which normally increases his problens.
Here the clinician nodels for the case. It is not enough to
notivate, to identify and desensitise, although these bring

reductions in the problem In this phase, change is nmade to
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nodify the reaction. Here, the patient has to be taught to
di scover a new voice by varying pitch, intensity and quality.
Progressive approximation is the next phase, here the concept
of auditory feed back can be used percieving the differences
in the voices, the case can approximte his voice. Once the
patient learns to use it in therapy sessions consistently,
patient wll have to master the new voice in extraclinical

si tuations. This phase is called stabilization" (Van riper,

|RWN - 1976)

STAGES [N MIDVAS TERMINAL
7
/
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STARILIZATION ,/
- /_.-"
/&
APPROXIMATION /.;.,""?
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Disce) MINATION J
&
IDENTIFICAT|ION //
/
MoTIvATIO N / BEGINNING
Voice therapy is of different forns. The kind of

therapy given to people, who sinply want to inprove their
voi ces m ght vary markedly from that given to a patient
with a paral ysed vocal fold. Voice therapy is highly
i ndi vidual i sed according to the physical problem the Ilength

of its existence, the quality of voice, feelings of the
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patient about the problem In general, a four point program

(Boone (1993)) is followed with cases of voice problens:

1. Indentifying abuse or m suse.
Reduci ng its occurence.

Using the dianostic probe.

ow N

Practicing facilitating approaches.

Attenpts have been nmade to treat different voice
di sorders such as hoarseness, wuasality and pitch problens
soley by changing the pitch, WIIliamson (1944), Masnener
(1952).

Luschsinger, <classifies voice therapies wunder three

groups :

1. Physical therapy
2. Treatnent of disorder of phonic respiration.

3. Medicinal.
PHYSI CAL THERAPY :

Various fornms of physiotherapy in the form of heat,
infrared light diathermny, electrical stimulation with severa
types of currents vibrational nmassage and so forth were
clainred to be as effective in paralytic condition of the

larynx as they are else where in the body.
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a. Larynqgeal manipulaltions: tw types of conpressions are
enpl oyed
- frontal and |ateral
b. Electrical stinmulation
c. Activation of elenmentary |aryngeal functions. Brodnitz
(1961) Weiss(1932) have suggested that the pushing excercise
may be used an part of therapy, the flexed arns are el evated
to the chest and vigorously pushed down. AT the sane tine
the patient phonates single syll ables. This nmethod ains at
activation of the primtive, protective sphincteric action of

| aryngeal cl osure.

From the viewpoi nt of vocal physiology, the establishnent
of a vicarious regression to a l|lower functional |evel of

phonation is not a goal of vocal rehabilitation.

d. Auditory training

For centuries nusical practice has nade use of the
enpirically discovered feed back machanisns of auditory,

tactile and proprioceptive nonitoring.

Voice is epheneral, lacking finite acoustic boundaries.
A mldly defective voice can becone incorporated into the
self wthout nuch notice especially in children whose
concerns over its acceptability are m ninal. Even in severe
voi ce disorders, the person may be aware of and upset over
the voice but has long forgotten the sound of normal voice

and therefore any notion of how it ought to sound again
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For these reasons, auditory training defined as teaching
the identification and discrimnation anong different voices,
is the staple technique of all voice therapy. Before a
better voice can be achieved, the person has to know how his
or her voice sounds. Patients of all ages need to hear the
differences between normal and defective voices. After

conparing them with their own, they should discuss those

differences with the clinician. O mjor inportance is
i nstantaneous auditory feedback. What is singular about
voice is that in the early, critical stages, inproved voice
will break through suddenly and nonentarily mlliseconds in

duration, although the clinicians nay hear and identify these
gai ns, the patient wusually does not consequently, t he
clinican needs to listen carefully and, when the voice
changes for the better or worse, comrunicate that information

i nstanteneously to the patient.
2. Treatnent of disorders of phonic respiration
a. Breathing therapy

One of the advocates of breathing therapy is Hosbaver
(1921) + (1948). This exercise ainms at the systematic
prol ongati on of phonation tinme. The ratio between inspiration
and expiration was regulated by a timng device. Another
met hod used was wal king while hummng two steps indicate the
time of inspiration while the following ten to twelve steps

tinme the humm ng expiration.
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b. Active relaxation therapy

This was developed by fause (1954). This nethod is
based on the principle that under normal conditions any type
of tension is followed by release. Bur tensions stresses nay
anount wi t hout subsequent I ntervening rel eases, The
respiratory and I|aryngeal nusculature react with a forced
manner of breathing and a squeezed type of phonation.
Rel axation therapy ains at correction of excessive physical

neur onuscul ar tensions.

c. The chewing nethod : Oiginated by froeschles (1952),
advocated as a nonspecific relaxation nethod in the treatnent
of all those voice disorders in which the functiona

di st urbance predom nates.

d. The Yawning nethod : Proposed by lancau (1952). Yawning
represents a prolonged and deepened inspiration wth nmaxi ma

w deni ng of the upper airways.

e. Autogeneous training : Schultz (1953) has devel oped a
psychot herapeutic nethod based on the psychological and
physi ol ogi cal phenonena associated with hypnosis, which he

cal | s aut ogenous training.

A mgjority of the experinents end up saying recovery
depends upon the severity of the problem Anot her factor
concerning layngeal manipulations is that we do not yet have
a definite idea about the type of cases which would benefit

by this technique.
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Much of the voice therapy cited above is a process of
experinmentation with the individuals voice. Ascertaining the
habitual pitch level, altering it towards an arbitary |evel
and checking the effects on overall voice usage as a function
of changes in intensity and pitch consune nost of the early
phases of voice therapy. A major focus is centered on the

di scovery of the new voi ce.

There are nmany facilitating techniques. The nost
frequently wused vocal techniques 1in voice disorders are

tabul ated by Murphy.

1. Determine and establish optimal pitch range.
2. Alter |oudness |evel

3. Alter loud staccato tones.

-Rel ax muscul ature or reduce tension
-l ncrease nuscl e tension.

-Devel op soft, clear vocal attack.

-l ncreased bal anced resonance.
-Increased size of nouth opeining
-Lower the tonque

-Move the tonque forward.

-Increase pitch range

-Increase vocal variety in pitch
-Increase vocal variety in |oudness
-Inprove articulation ability

-Loud sign technique

- Si ngi ng.
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- Humm ng

- Yawni ng

-Locating "best vowel" and fanning out
-Elimnate vocal abuse

-Vocal rest

-l ncrease kinesthetic awareness

-alter rate of speech

- Pushi ng exerci se

- Chewi ng net hod

-nmuscl e training

- External mani pul ati on of vocal nechani sm
- Vel opharyngeal control

- Bl ow ng exerci ses

-Oral pressure build up and rel ease
-correct abnormal postures’

-Imtating voice of others

- Coughi ng, throat clearing, grunting

- Negative practice

- Speaki ng agai nst background noi se
-Alter respiratory patterns

-Carry over new voice to life situations

- Psycho therapy.

-Auditory techniques : Self Ilistening sound discrimnation,
mat ching and conparing voices in quality, |oudnes and pitch,
imtating. Perkins (1972) commenting on these vocal
techni ques says that "Unfortunately such an abundance of

procedures bespeaks dissatisfaction with results achieved as
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much as it atlests to clinical ingenuity. There is no conmon
criteria for selecting a technique from this plethora of
tactics which are clained to be nost effective. Chances are
that all have worked well wth sone clinican for sone tine
for some patient. Wiat few reports of clinical results are
available offer limted help they are based on small sanples
of patients with widely varied problens treated with diverse
conbi nati on of techniques under uncontrolled conditions and
evaluated by such disparate criteria as inprovenent in
| aryngeal pathology to inprovenent in vocal tone. Lacki ng
firmevidence, up to this tine, we had no alternative but to
rely on clinical judgenment wthout a clear rationale for
achi eving an anbi guously defined goal ". Sone of the therapy
techniques |listed are found to be inadequate on the follow ng

grounds.

In spite of many techniques available to elicit optinum
pitch or desired pitch, sonme tines. Sone cases fail to
achieve the target for many reasons. Clinical observations
of patients with hyper functional voice problens suggest that
many of these patients may experience difficulty in singing a
tone matching a pitch or dicrimnating between pitches
(seashore, 1938, Travis and Davis 1928; Hanely 1956, Ei senson
kospein (1958) studies suggest clinical groups to be
significantly poorer in pitch discrimnation than the control

groups.
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In voice therapy, we are concerned with making the

patient a critical l|istener (Boone 1967).

There are only a few studies available on frequency
discrimnation ability in dysphonics (G I kinson 1943,
Ei senson et al 1958, Boone et al 1967) even though poor
frequency disctinmnation has been cited as one of the

possi bl e causes of dysphoni a.

Gl kinson (1943) and Eisenson et al (1958) indicate a
relationship between poor frequency discrimnation and
dysphonia, while Boone (1967) study indicates no such
rel ati onship, though he suggests that individual dysphonics
who have good frequency discrimnation show better prognosis.
However, there seens to be an agreenment on the need for ear

training in voice therapy.

Ei senson et al (1958) neasured frequency discrimnation
in their groups of dysphonics, using the seashore neasures of
nmusical ability, before and after voice therapy and ear
training. They found that the scores increased significantly

after the training period.

The inportance of feed back has been stressed by many
authors in speech and voice training prograns. Tactual and
proprioceptive feeback are the other common nodalities, by
which one gets sone information while speaking. But it is
the auditory feedback system according to Boone (1967) by

whi ch one can actually nonitor one's phonation.
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Most of the therapies of voice disorder are based on the
belief that each person has an optimum pitch at which the
voice will be of good quality and w Il have the maxi num
intensity with |east expense of energy and they concern
thensel ves mainly altering the habitual pitch level of making
the case use his optinmumpitch (west et al 1957, Thurnman 1958

Van Ri per, Irwin 1958, Mirphy 1964, Gene 1964).

Many clinicans stress on pitch discrimnation and ear

training in the treatnment of voice patients.

Van Riper (1963), while discussing therapy wth voice
patients, states that one of the ways of using progressive
approximation in voice therapy is the wuse of a binaural
auditory trainer, feeding cases voice into one ear and
therapists nodel voice into the other ear, so that the
patient has a sinmultaneous conparison to nake from unison
slight changes towards the desired pitch are made, such that
the patient unconsciously switches over to the new voice as
he percieves it, "The basic devel opment of the input nodality
in voice therapy, or appropriale phonation, is the
appropriate auditory system especially patients self
heari ng" (Boone 1967). Boone (1967) further states that many
people rarely realise how their voices sound until they hear
their recorded sanple, hence nost clinicians face a problem
during therapy wth individuals who have lack of voice
f eeback. Sone dysphonics, he continues, |ike sone individuals

in the nor mal popul ati on denonstrat es poor pitch
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discrimnation and tonal nenmory and these patients face nore
difficulty in voice therapy in discrimnating between pitches
and renenbering their own nodel voice. These patients
according to Boone can be given ear training to differentiate
between 'good’ and 'bad" voices and voice training should
include instruction in pitch discrimnation. He concl udes
that clinician should however assess the patients ability in
this area first and only if deficient in this aspect will the

patient benefit from such training.

Van R per and Irwin 1968 in explaining MDVAS as applied
in voice therapy state that only after naking variations and
di scrim nations, should the patient be instructed to produce
the nodel pitch, by approximation should be finally

stabilised.

A Russi an voi ce physician Malutin (1897, 1924) first
st at ed the principle of i mprovi ng phonation through
application to the larynx of a mechanical vibration of the
sane frequency as that of the vocal tone. This has been
exclusively studied by H Gutzmann (1911-24). Nuner ous

i nstrunents have been devised for this purpose.

| sochronal tone stimulation is based on the principle of
applying a nmachanical stinmuli through tactile channel to the
larynx in order to correct the pitch. The essential point is
to achieve a harnonic relationship between these inmpul ses and
|aryngeal tone to be produced when two vibrations differ

slightly (10 cycles) in phase and frequency, they result in
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beats. Apart from being audible these beats can be felt as a
peculiarily unpl easant sensation as reported by cases or they
can be seen on oscilloscope. "As soon as the beats appear,
the cerebero |aryngeal nechanism begins to adjust the voca
cord vibrations, wuntil union is achieved. (Luschsinger 1905)
Shantha (1973) concludes that isochronous tone stinulation
was found to be useful in a majority of voice disorders. By
changing pitch and by providing optinmum frequency, Vvoice
problenms such as puberphonia nasality, hoarseness spastic

dysphonia can be treated.

Most voice therapy involves the identification and
elimnation of faulty vocal habits and their replacenent by
nmore optinmum ones. The basic input nodality in devel oping
appropriate phonation is the auditory system particularly the
patients self hearing. No one has nuch awareness of what he
is doing laryngeally ; whether he is approximting his folds
or shortening or |engthening them except as he hears his
voi ce. The surprise nearly always evoked in people at
hearing their own voice on recordings is one indication of
how gross our self hearing is. This lack of voice feedback
has al ways presented problens to the clinician as the patient
literally does not know what he is doing when he phonates
He nay need practice in learning to listen to his own voice.
David and Boone 1945 report that sonme voice patients like
sonme people in the normal popul ation, denonstrate difficulty
in pitch discrimnation and tonal nenory as neasured by

subtests of the seashore tests of nusical aptitude. Such



2.30

patients may have serious problens in voice therapy in making
pitch discrimnations and in renmenbering the sound of their
own nodel voices. Through the wuse of auditory feedback
devices such as loop tape recorders, he learns to hear and
nmonitor auditorily his own phonation. For patients who have
defective litening skills, voice training nust i ncl ude
instruction in making pitch discrimnations inproving tonal
menory and learning to hear ones "good" and "bad" voices.
But the «clinicians should first, assess the parients
listening skills, for many voice patients have no problemin

this area for others, just as for some people in the nornal

popul ati on, l'i stening abilities may be surprisingly
deficient. It is the latter group that may profit from ear
t r ai ni ng.

As sommers and Brady (67) have stated "inprovenents in
phonation and resonance are heavily dependent upon the
sujects obility to detect desirable changes as a function of

specific voice therapy activities".

SPEECH ANALYSIS : Speech analysis can be thought of as that
part of voice processing that converts human speech to
digital forns suitable for transmssion or storages by
conputers 'speech synthesis' functions are essentially the
i nverse of speech analysis they reconvert speech data from a
digital formto one that simlar to the original recoding and

sui tabl e for playback.
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SPEECH SYNTHESI S

Speech synthesis is the process of producing an acoustic
signal by controlling a nodel of speech production with a set
of paraneters if the nodel and paranmeters are sufficiently

accurate then the production of intelligible synthetic speech

should be possible. There are two basic approaches in
nmodel ling the speech production process. One is direct
approach which attenpts to nodel the systemin detail. This

is coomonly referred to as articulatory speech synthesis and
attenpts to directly nodel the notion of the speech
articulators as well as the generation and propagation of
sound inside the vocal tract. This approach is still the
subject of research and although it seens to have the
potential for producing the nobst natural sounding speech in
the long term it has not as yet been as successful as
appr oaches, that attenmpt to sinply copy the frequency

response characteristic of the vocal tract.

Various synthesizers have been designed, over the years.
Sone of them formant synthesizers, copy synthesizer, |inear
predictive synthesizers, phonene synthesizers text to speech

synt hesi zers etc.

Usi ng synthesized voice, artifical pitch changing effect

can be used as an approach for vocal rehabilitation.

Anne - Maria Laukkanen (1994) studied the effects of

artificial pitch change of the auditory feed back on the
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fundanmentals frequency of normal hearing subjects in text
readi ng. The subjects taken were mainly speech trainers and
trained singers, and also subjects using non-optional
speaking pitch. The results suggested that changing the
pitch of the auditory feedback can nmake a person change his
habitual pitch. Thus, it was suggested that the nethod m ght

be worth testing in voice training and therapy practise.
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METHODOL OGY
The objectives of the study were:
1) To determne the paraneters in the dysphonic voice, which

are deviating from normal voice.

2) To nodify the paraneters deviating towards normal  using

synt hesi s program

3) To wuse the (nodified) synthesized voice nodel in voice

t her apy.

SUBJECTS:

Five dysphonics (3 mles, 2 females) who visited A
India Institute of Speech and Hearing, Msore with conplaints
of voice problens in the age range of 13-29 years, forned the
experimental group. These subjects had been diagnosed as
cases of "Voice disorder"” after the routine otol aryngol ogi cal,
speech, psychol ogi cal and audi ol ogi cal evaluations. Ten
normal subjects (male and female) in the age range of 13-25
years were also considered for the study. The subjects of
this group had no apparent speech, hearing or ENT.
problenms. They had no conpl aints about their speech, hearing
or voi ce.

PROCEDURE
TEST ENVI RONMENT:

The recording was carried out in a sound treated room
of the phoniatrics |aboratory of the departnment of speech

sciences. All SH, Mysore.
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I NSTRUMENTATI ON:

The followi ng instrunents were used in recording and

anal ysi s:

1. Dynamic mcrophone (AHUWA AUD - 535M

2. Pre-amplifier (PH LLIPS, PHI LLI AMP 60)

3. Sony tape deck (TC FX 170)

4. Speech interface unit (Voice + Speech systens, Bangal ore)
5. Vaghm / SSL software

6. PC - AT.

BLOCK DI AGRAM

e

— - mm————— [===—mmm e £ Tape deck
— —————————— > PREAMP ==sessass > Speech
INTERFACE

UNIT

PC AT
SOFTWARE SSL---->

SPEECH SAMPLES:

Sust ai ned phonation of vowels a, i, u were used.
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RECORDI NG COF SAMPLES:

The subjects were seated confortably in a chair in t he
sound treated room The dynam c m crophones (AHUJA, AW -
535M were kept in front of the subject at a distance of
about 15 cns from the nouth. They were instructed to take a
deep breath and phonate /al. They had to maintain a
const ant intensity and pitch at confortable | evel
si mul t aneousl vy, the output was recorded on the conputer and
the tape recorder. The tape recorded sanples were played
back to the input of the speech interface unit for

digitization.

Simlarly recording of vowels /i/ and /u/ were carried out.

(REFER TO THE FI GURE)
SCHEMATI C EE PRESENTATION

THE DIFFERENT STAGES CARRIED
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DYSPHONICS (*—”“—_—FNORMALS {
:L RV

RECORDING OF

SPEECH SAMPLES

ON ON
COMPUTER TAPE
(__._..
RECORDER

PERCEPTUAL
EVALUATION

ANALYSIS TO EXTRACT
PARAMETERS

1

COMPARISON OF PARAMETERS

NORMALS vs DYSPHONICS

bl

MODIFICATION OF PARAMETERS

Towards Normal Voice

Fo ExFFo Sp.Fo Io ExEo SPIo

USE OF SYNTHESIZED VOICE
AS MODEL FOR VOICE THERAPY

EVALUATION OF VOICE

AFTER THERAPY
(BY THERAPIST)
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The dysphonic and the normal voices were anal yzed using
the VAGIM software to obtain fundamental frequency and
related measurenents i.e., to find out the paraneters in
dysphoni ¢ voices which were deviating from normal, so that
these paraneters could be corrected to obtain normal/near

normal voi ce.

These paraneters were then conpared i.e., bet ween

normal voice and the dysphonic voi ces.

Frequency Paraneters.

Mean FO (Hz)

Maxi mum FO

M ni rum FO

Range (FO

Fl uctuations / Sec.

Extent of fluctuations

Intensity paraneters:

Mean AO (dB)
Maxi mum AO
M ni mum AO
Range AO
Fl uctuations / Sec.
Extent of fluctuations.
After conparison of the paraneters the paraneters

deviating from normal voice were nodified using synthesis
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program
Experi nent No. 2:

Using the software program the digitized signal were
anal yzed to extract f undanent al frequency, intensity
bandwi dth i nfornation. The analyzed signal was then

synt hesi zed using the steps.
STEPS OF SYNTHESI S:

FBAS (Formant based anal ysis synthesis nodel) inplenented
in SSL was used. In the FBAS sub-nodul e, analysis of speech
signal was perforned using the autocorrelation nethod, to
obtain the source and filter paraneters at a uniform frane
rate.

Progranms for editing, FOEDIT and TXTTRK were used to
edit t he source par anet ers and t he f or mant dat a

respectively.

"FOEDI T gave a graphic display of various source

par anet er s. FCEDIT was used to edit the source paraneters
li ke FO intensity, and voice source paraneters, like
open quotient, speed quotient and |eak quotient. Editing

operations like 'interpolate' and 'change' were used to edit
the paraneters. Fundanental frequency was changed to the
opti mum frequency of the individual for e.g. FO of 178Hz was

changed to his optinmum frequency of 120Hz
Using the sanme program intensity paranmeters were also

varied for e.g. Intensity (original) of 48. 49dB was
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varied to 49 dB

In the next stage of synthesis included the TXTTRK
pr ogram This program presented the data i.e., formants and
bandwi dths in a text node. This program was used to change
and / or delete and / or interpolate bandw dths between two

| ocations (points) (i.e., fromOnrs franes to 1000ns franes)

After the editing of these paraneters the signal
paranmeters were used to generate excitation signal using
GENSRC program The speech signal was then synthesized
using ' SYNTH program SYNTH program synthesizes speech
signal using the source signal created by GENSRC and a
cascaded formant network. (As per manual of SSL voice and

speech system Bangal ore)

Using the Vaghm program the synthesized voice
paraneters were analyzed again to obtain frequency related
paraneters so that the synthesized voice could be conpared
with that of normal voice to note the simlarities and
di fferences between the two. After, conparison the data was
subjected to statistical analysis using "EPISTAT" to obtain

descriptive as well as inferential statistical informtion.

' FLO \~A/ I+ A RT HOW ING THE
2.4 ! riuil VY = y

n

SsYNTHE SIS
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Experi nent No. 3:

Five experienced voice therapists carried out quality
ratings of the synthesized voice, the original voice and

normal voices recordings on a 7 point rating scale, where

- Very good

- god

- nor nal

near nor mal

- mld hoar se

- noderate vVoi ce.

(63} (3] R w N = o
1

- Ssevere
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Experi ment No. 4:

The final aspect of the experinment included use of the
synthesized voice for therapy wth dysphonics i.e.,
presenting synthesized voice auditorily as a nodel. The
dysphonics were nmade to listen to their abnormal voice and

the synthesized voice (which approximated normal voice).

For conparison and discrimnation, using the synthesized
voi ce, the dysphonics were asked to vary their voice to

approxi mate the nodel voice.

Once they had discovered their new voice i.e., by
varying pitch and other paranmeters they were nmade to
phonate the sane. This was stabilized and then carried

out in extraclinical situations.
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RESULTS AND DI SCUSSI ON

The purpose of the study was to find out the feasibility
to use synthesized voice as a nodel, during therapeutic
intervention in case of dysphonics. For this purpose it was
decided to determine the paranmeters in the dysphonic voice
which are deviating from normal voice and to nodify these
paranmeters towards normal voice, using synthesis program and

use it as a nodel for therapy.

Further, Listeners judgenments were used to perceptually
rate the quality of synthesized and unnodified voice of the

dysphonics along with the normal voices.

EXTRACTI ON AND COWPARI SON OF PARAMETERS OF VO CE OF NORVALS
AND DYSPHONI CS: -

Using the VAGHM soft ware (INTON anal ysis), fundanmenta
frequency and related paraneters were extracted from the
voi ce sanples of dysphonics and the normals. A conparison of
these parameters between normals and dysphonics i.e., for
vowels /al/ /il and /u/ were nade. The details of the
paraneters have been shown in the tables 50, 51, 53 for all

three vowel s.
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SYNTHESI S OF THE DYSPHONI C VO CES:

Using the SSL program the dysphonic voices were anal yzed
and then synthesized for all the three vowels /a/ /i/ and /u/

of each subjects.

As the previous part, i.e., conparison of normals wth
dysphonics had shown significant difference in terns of
fundamental frequency bandwi dth of formant frequencies and
variation in intensity. Hence these paraneter were considered
for nodification. The following paraneters were mani pul ated

using synthesis program

- Fundanental frequency
- Bandw dt h

- Intensity

RESULTS:

In the FBAS sub-nodul e, speech signal was analyzed to
obtain the source and filter parameters at a uniform frane
rate using analysis program FCEDI T gave a graphic display

of the various source.

Fo Edit was used to edit the source paraneters |ike Fo,
intensity, and voice source paraneters open quotient, speed
gquotient and leak quotient. Editing operations interpolate
and 'change' were used to edit the paraneters i.e. to change

towards nornmal s.
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Fundanent al frequency was changed to the optinum
frequency of the individual. Opti mum frequency has been
defined as the frequency of the vocal cord which elicits

maxi mum r esonance of the vocal tract.

Nataraja (1986) indicated that normals had fundanental
frequency within +/- 40 Hz from the optinmum frequency.
However, the main objective of voice therapy is to provide
the best possible voice to the subject. Therefore, providing
optimum pitch would lead to the better voice, therefore the
voice therapy ains at providing optinmum pitch to the patient
during therapy. Hence, the fundanental frequency was changed
to the optimm frequency. The optimum frequencies of the

dysphoni cs have been |isted:

Cases Fo Opti mum Frequency
Mal es 1 178 Hz 120 Hz

2 131. 15 126 Hz

3 108.8 100 Hz
Ferales 1  291.2 210 Hz

2 338.5 220 Hz.

Using the sane program intensity paranmeters were also
vari ed. The intensity of the signal was nornalized

t hroughout the signal. Finally the leak quotient, speed



4.7

guotient and open quotient were normalized for each of the

signal. This was essential to bring the voice towards nornmal.

The next stage of synthesis was use of TXTTRK program
This program was used to change, delete and interpolate
bandw dth between two |ocations (points) (i.e. fromO franmes

to 1000 ns franme).

Bandw dt hs of formant frequencies were found to play a
maj or contributing factor in synthesis of voice. It was
found that when bandw dths were not nodified, the synthesized

voi ces was not satisfactory. There fore the band w dth was

varied and synthesized (nodified).

The result was obtained in the form of synthesized
voi ce, which was found to approxi mate normal voice, which was

the maj or purpose of the study.

The nodified - synthesized voice was conpared with the

ori gi nal dysphonics and the nornmals.

Voice

Signal —~\ Analysis —————*\ Fo EDIT ‘

/a/ /i/ [/u/

ORGANI ZATI ON OF FBAS MODULE
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Twel ve acoustic paranmeters were extracted using inton
anal ysis, fromthe voices of five dysphonics their nodified -
synt hesi zed voices and normals. The results of the extracted

paraneters are given bel ow
FUNDAMENTAL FREQUENCY | N PHONATI ON :

Fundanmental frequency was neasured for phonation in /al,

i/ and [ul.

As per tables, 1, 2, 3, 4, 5 and 6 and graphs la, 1b
1c, the conparison of the normals wth the dysphonics
showed varied results in /a/, /i/ and /u/l. It was observed
that there were differences in the fundanental frequency of
normal s and dysphonics, but, statistically, these differences
were not significant; for /a/ and /i/. However, it was

significant for /u/.

The fundanental frequency in phonation were different in
the dysphonics and synthesized voice. These differences were
found to be statistically significant, for the vowels /a/,

i/ and /u/.

A conpari son of fundanental frequency between nornmals and
synthesized voices showed very less variation. These
differences were found to be not significant. This showed

that synthesized voice approxi mated normals voice.
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G oup Mean SD. Range

Nor mal s 190. 70 64. 157 119 245.19
Dysphoni c 207. 92 103. 682 98.73 - 338.25
group

Synt hesi zed 153. 79 65. 37 101.96 - 229.72

vVoi ce group

Tabl e-1 Mean, SD and range of Fo in phonation for /a/ in
dysphoni cs, normals and synthesi zed voi ces.

G oup Mean SD. Range

Nor mal s 202.72 55. 635 100 - 249.3
Dysphoni c 171. 64 88. 27 102.17 - 304.9
group

Synt hesi zed 153. 342 50. 419 103.19 - 229.56

Voi ce group

Tabl e-2: Mean, SD, range of Fo in phonation for /i/ in
dysphoni cs normals and synthesized voi ces.

G oup Mean SD Range

Nor mal s 205. 462 54.748 125.3 - 247.85
Dysphoni ¢ 173. 838 84 106.99 - 301.17
gr oup

Synt hesi zed 153. 512 51. 345 104.96 - 229.03

vVoi ce group

Tabl e-3: Mean, SD, and range of Fo in phonation for /u/ in
normal s, synthesized voices and dysphoni cs.
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G oups r Si gni ficance
coefficient

Nor mal vs. dysphonics .6 -
Nor mal vs. synthesized . 606 -
Dysphoni cs vs. synthesized -.03 +

Table 4. Comparison of normals vs synthesized voi ce and
normal s vs. dysphonic voices, in terns of
fundanmental frequency in phonation of /al.

G oup r Si gni fi cance
Nor mal vs dysphonics . 5151 -
Nor mal vs synthesi zed . 616 -
Dysphoni cs vs synt hesi zed .3 +

Tabl e-5: Comparison of normals vs. synthesized voices and
normal s vs. dysphonics, synthesized vs. dysphonics,
in terns of Fo in phonation of /i/.

G oups r Si gni fi cance
Nor mal vs dysphonics 77 "
Nor mal vs synthesi zed .3 +
Dysphoni cs vs synt hesi zed .3 +

Tabl e-6: Conparison of normals vs. synthesized voices and
nor mal s vs. dysphonics, synthesized voices vs.
dysphonics, in terns of Fo in /u/.
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MAXI MM FUNDAMENTAL FREQUENCY

A conpari son between normals and dysphonics again showed
no significant difference in maxi num fundanental frequency of
lal, I'il and/u/.

From the tables 7, 8, 9, 10 and Gaphs la, 1lb, and lc,it
can be observed that there are great differences between

the dysphonics and synthesized voices in terns of nmean and

st andar d devi ation of maxi mrum  fundanent al frequency.
Statistically, the difference was f ound to be not
significant. This indicates that these paraneters are not

significant to differentiate bet ween synt hesi zed and

dysphoni ¢ voi ce.

Normal s showed |esser variations, from the synthesized
voi ce. The difference was found to be insignificant,
statistically also. From this,it can be inferred, that the

synt hesi zed voi ce approxi mates normal voice, in terns of this

par amet er .

G oup Mean SD. Range

Nor mal s 199. 208 57.693 151.53 - 249. 38
Dysphoni c 212. 096 105. 70 100 - 342.68
gr oup

Synt hesi zed 156. 46 66. 627 103.9 - 235.3

voi ce group

Table-7: Mean, SD and range of maxi num fundanental frequency
in phonation of /a/ in normals, dysphonics and
synt hesi zed voi ces.
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G oup Mean D Range

Nor mal s 161. 48 101. 92 103.2 - 252.44
Dysphoni ¢ 174. 70 88. 84 104.58 - 308. 49
group

Synt hesi zed 153. 34 54, 32 105. 22 - 235. 29.

Voi ce group

Tabl e-8: Mean, SD and range of maxi mum fundanental frequency
in phonation of /i/ in normals, dysphonics and
synt hesi zed voi ces.

G oup Mean SD. Range

Nor mal s 213. 05 54. 559 136. 27 - 256. 86
Dysphoni ¢ 178. 77 82. 865 108.84 - 304.51
group

Synt hesi zed 156. 886 52. 83 106.78 - 235.29

voi ce group

Tabl e-9: Mean, SD and range of maxi num fundanmental frequency
in phonation of /u/ in normals, dysphonics, and
synt hesi zed voi ces.



G oups r Si gni ficance
/al [il lul / al [l [ ul

Nor mal s vs. .70 .82 .71 - - -

Synt hesi zed

Normal vs. .6 .51 .6 - - -

dysphoni cs

Synt hesi zed s .9 .9 - - -

dysphoni cs

Tabl e- 10: Conpari son of normals vs. synthesized voices normals
vs. dysphonics and synthesized voices vs. dysphonics,
in terns of maxi mum fundanmental frequency in /al,/il
and /u/.

M NI MUM FUNDAMENTAL FREQUENCY | N PHONATI ON :

M ni mum frequency in phonation, by the study of tables,
11, 12, 13 and 14, and graphs la, 1b, and 1c it was found
that there are differences between synthesized and dysphonic
voi ces. But, statistically, it was observed that there was no
signi ficant difference between synthesized voices and
dysphoni cs. Though the nean, and standard deviation showed
di fferences, statistically no significant difference was

observed for these groups.

A conparison between normals and dysphonics al so showed
no significant difference. A conparison between normals and
synt hesi zed voices again showed no significant difference.
From this, the inference can be drawn that synthesized voice

approxi mates nornmal voice in terns of mninmum frequency.
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G oup Mean SD. Range

Nor mal s 194. 370 56. 32 149.82 - 235.61
Dysphoni ¢ 221.178 131. 016 97.26 - 385.06
group

Synt hesi zed 153. 272 63. 76 100. 95 - 227.25

voi ce group

Tabl e-11: Mean, SD and range of m ninum fundanmental frequency
in phonation of /a/ in normal s, dysphonics and
synt hesi zed voi ces.

G oup Mean D Range

Nor mal s 157.78 98. 848 105 - 245.03
Dysphoni ¢ 166. 136 89. 657 99. 38 - 300.77
gr oup

Synt hesi zed 148. 74 52. 035 103.87 - 226.84

Voi ce group

Tabl e-12: Mean, SD, range of m ninmum fundanental frequency in
phonation of il in normals, dysphonics and
synt hesi zed voi ces.
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G oup Mean SD. Range

Nor mal s 205. 002 50. 444 131.95 - 245.03
Dysphoni ¢ 164. 95 90. 25 105. 44 - 298.24
gr oup

Synt hesi zed 152. 13 51. 034 104.24 - 230.01

voi ce group

Tabl e-13: Mean, SD, range of m ninum fundanental frequency in
phonation of /u/l  in normal s, dysphonics and
synt hesi zed voi ces.

G oups r Si gni ficance

/al Il [ ul lal il lul

Nor mal s .6 .9 .5 — — _
vs. dysphoni cs

Normal s vs T .92 .12 — — _
synt hesi zed

Synt hesi zed A ) A
vs dysphoni cs

Tabl e-14: Conparison of normals vs. synthesized voices,
normals vs. dysphonics, synthesized voices vs.
dysphonics in terns of mninmum fundanenta
frequency in/al, /i/ and /u/.

RANGE OF FUNDAMENTAL FREQUENCY | N PHONATI ON

The frequency range in phonation was defined as the
difference between nmaximum and mninmum frequency in

phonati on.
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Range val ues, in synthesized voices showed |esser
variations, when conpared to dysphonics, and nornals. Thi s
can be made out from the study of tables 15 and 16 and graphs
la, 1b and 1c It was observed that there was no significant

di fference between the three groups for /a/, /i/ and /u/.

G oups Mean SD Range

[ al [il [ u/ [ al [il [ul [ al [il [ul

Normals 5.89 5,10 8.05 1.61 2.51 6.67 3.27- 3.2 2.41
6.78 8'g8 19.09

Dys 8.85 856 13.73 5.5 6.07 20.87 2.74 5.2 2.34
phoni cs 14.99 19.18 51.1

Syn. 2.81 4.59 4.09 0.17 0.87 0.99 1.73 1.35 2.54

Tabl e-15: Mean, SD and ranges of range in phonation of /al,
/1] and /u/ in normals dysphonics and synthesized

vVoi ces.

Groups r Significance

lal lil [ u/ / al [l / u/
Nor mal s .5 .9 T _ _ _
vs. dysphonics
Normal s vs .8 .9 .9 - - -
synt hesi zed
Synt hesi zed e .8 .8

vs dysphonics

Tabl e- 16: Conparison of normals vs. synthesized Vvoice,
normal s vs. dysphoni cs and dysphoni cs vs. synt hesi zed
voices in terns of fundanmental frequency range of
vowels /al/ [i/ [ul in phonation
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EXTENT OF FLUCTUATI ONS :

The extent of fluctuation in frequency in phonation was
defined as the neans of fluctuations in frequency in a
phonati on of one second. As per tables, 17, 18, 19 and 20,
and graphs la, 1b and 1c, conparison between normals and
dysphoni cs showed significant difference, on this paraneter,

i n phonation of /a/, /i/ and /ul.

The results and statistical analysis of this paraneter
al so showed that dysphonic voices and synthesized voices were
significantly different. The nmeans and SDs were high for the

dysphoni cs than the nornals.

G oup Mean SD. Range

Nor mal s 2.522 1.432 .01 - 3.33
Dysphoni c 3.072 1.755 .01 - 4.45
gr oup

Synt hesi zed 1. 652 2.344 .01 - 3.26

voi ce group

Tabl e-17: Mean, SD and range of extent of fluctuations in
phonation of /a/ in normals, dysphonics and
synt hesi zed voi ces.



4.18

G oup Mean SD. Range

Nor mal s 2.45 2.341 .01 - 4.18
Dysphoni c 3.25 2.05 .01 - 5.63
group

Synt hesi zed 1.582 2.258 .01 - 3.05

voi ce group

Tabl e-18: Mean, SD and range of extent of fluctuations in
phonation of /i/ in nor mal s, dysphoni cs and
synt hesi zed voi ces.

G oup Mean SD. Range

Nor mal s 2.38 2.177 .01 - 4.18
Dysphoni c 7.67 15. 84 .01 - 35.94
group

Synt hesi zed 2.098 3.12 .01 - 3.48

voi ce group

Tabl e-19: Mean, SD and range of extent of fluctuations in
phonation of /u/ in normals, dysphonics and
synt hesi zed voi ced.
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G oups r Si gni fi cance
lal Il [ ul / al Il [ ul
Nor mal s 1 .3 1 + + +

vs. dysphoni cs

Normal s vs .6 .51 .12 - - -
synt hesi zed

Synt hesi zed -7 1 .4 + + +
vs dysphoni cs

Tabl e- 20: Conpari son of normals vs. synthesized voices,
normal s vs. dysphonics, synthesized voices VS.
dysphonics, in termof extent of fluctuations for’
lal, il and /ul.

Extent of fluctuation in frequency was considered as a
maj or paraneter which differntiate synthesized voice from

dysphoni c voices and thus contributing for abnormal voice.

SPEED OF FLUCTUATI ONS | N FREQUENCY :

Speed of fluctuations in frequency can be defined as the
nunber of fluctuations in frequency in a phonation of one

second.



Fl uctuations, Speed of fluctuations in frequency was
also considered as a nmjor paraneter which differentiate

bet ween synt hesi zed voices and dysphonic voi ces.

From the study of tables 21, 22, 23 and 24, it was
observed that there was significant difference between
normals and dysphonic voi ces. This may be due to the
irregular variations in fundanental frequency in case of
dysphoni cs. This irregular variations, which is considered
as a rough neasure of jitter has been reported to be

contributing for dysphonics (Nataraja.,1986).

A conparison between dysphonic voice and synthesized
voice showed significant difference in terns of speed of
fluctions for /a/, [i/ and /ul. Whereas, there was no

significant diference between normals and synthesized voices.

Q oups Mean SD Range

Nor mal 2.194 1. 639 .01 - 4.02
Dys 16. 09 12. 472 .01 - 31.37
Syn. 1.784 2. 472 .01

Table 21: Mean, SD, range of speed of fluctuations in
phonation of /a/ in normals, dysphonics and synthesized

VOI ces.
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G oups Mean SD Range

Nor mal 2. 096 2.19 .01 - 4.026
Dys 6. 95 4.44 .01 - 11.76
Syn. 1.45 2. 308 .01

Table 22: Mean, SD, range of speed of fluctuations in

phonation of /i/ in normals, dysphonics and synthesized

Voi ces.

G oups Mean SD Range

Nor mal .01 .01 .01

Dys 6. 59 12. 66 .01 - 35.94

Syn. .84 1.72 .01
G oup r Si gni ficance

/al lil [ ul / al lil [ ul

N Vs dys 1 .3 1 + + +
N Vs syn. T .6 . 8 - - -
Syn Vs dys .3 .5 A4 + + +

Tabl e 24: Conparison of normals Vs synthesized voices and
normal s Vs dysphoni cs, synthesized voices Vs dysphonics, in

terns of speed of fluctuations in /a/, /i/ and /u/.
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| NTENSI TY PARAMETERS
Intensity in phonation:

Mean Intensity in phonation was considered as the nean
intensity of the steady portion of phonation.

From the study of tables 25, 26 and 27, 28 and graphs
2a, 2b and 2c it can be nade out that there is no significant
di fference between synthesized voices and dysphonic voices,
in phonation for /a/, /il & /ul/l. Conparison between nornals
and dysphonics, showed no significant difference in
intensity. The same was true for the third group also i.e.,

when a conparison was mnade between normals Vs synthesized

vVoi ces.
G oups Mean SD Range
Nor mal 51. 85 2. 557 49.21 - 55.07
Dys 48. 374 6.014 38 - 52.49
Syn. 47. 842 4.79 40.4 - 52.6

Tabl e 25: Mean, SD range of intensity in phonation of /a/ for

dysphoni cs and synt hesi zed voi ces.

G oups Mean SD Range

Nor mal s 49. 332 3.124 46.96 - 54.55
dys 43. 53 2.784 38.34 - 52.69
Syn. 49. 704 5. 001 40.58 - 47.72

Table 26: Mean, SD range of intensity in phonation of /i/ for

dysphoni cs and synt hesi zed voi ces.
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G oups Mean SD Range

Nor mal s 50. 726 4. 965 46. 81 - 59. 32
dys 46. 202 6. 642 38.25 - 54.18
Syn. 48. 86 5.196 40.4 -  53.77

Table 27: Mean, SD range of intensity in phonation of /u/ for

dysphoni cs and synthesized voi ces.

G oup r Si gni ficance
/al [il [ ul [ al lil [ ul

N Vs dys .8 .6 .51 - 07

N Vs syn. .9 . 8 .6 - - -

Syn Vs dys .7 .6 .8 - - -

Table 28: Conparison of normals Vs synthesized voices and
normal s Vs dysphonics, synthesized voices Vs dysphonics, in

terns of nean intensity in /a/, /i/ and /u/.

MAXI MUM | NTENSI TY | N PHONATI ON:

The maximum intensity neasured in a steady portion of
phonati on was considered as the maxi mumintensity.

The results obtained in the study in the normals,
dysphoni cs and synthesized voice, are presented in tables 29,
30 & 31, 32, and graphs 2a, 2b, 2c.

The results, showed no significant difference between

t he dysphonics and synthesized voices. This was sanme when
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conparisons between normals and dysphonics and normals and
synthesized voices were made i.e., and significant
differences were found between the voice & normals &
synt hesi zed and normal & dysphonic.

G oups Mean SD Range

Nor mal 52. 66 2.53 50.76 - 56.04

Dys 48. 54 5. 953 38.34 - 52.69

Syn. 48. 18 4.779 40.58 - 52.94
Table 29: Mean, SD range of maxinmum intensity in phonation
for /al in normals, dysphonics and synthesized voices.

G oups Mean SD Range

Nor mal 49. 93 3.218 47.5 - 55.31

Dys 46. 056 5. 396 38.89 - 54.35

Syn. 50. 246 4.712 41.62 - 54.23
Tabl e 30 Mean, SD range of maxinmum intensity in phonation
for /i/ in normals, dysphonics and synthesized voices.

G oups Mean SD Range

Nor mal 51. 896 5. 808 47.28 - 61.99

Dys 47.774 6. 57 40 - 54.69

Syn 49. 966 5. 300 42.82 - 54.73
Tabl e 31 Mean, SD range of maxinmumintensity in phonation
for /u/ in normals, dysphonics and synthesized voices.
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G oups r Significance
/ al lil [ ul /al [il [ ul

N Vs dys .6 .6 T - - -

N Vs syn. .6 T .6 - - -

Syn Vs dys .9 .6 .9 - - -

Table 32: Conparison of normals Vs dysphonics normals Vs
synt hesi zed, synthesized Vs dysphonics in/al/, /il & /ul.
Therefore, maximum intensity was treated as a non-significant

paranmeter in dysphonia in the present series of cases.

M N MUM | NTENSI TY I N PHONATI ON

The mnimum intensity nmeasured in a steady portion of

phonation, was considered as the mininumintensity.

The results obtained in the study in the normals,
dysphonics and synthesised voices, are presented in tables

33, 34, & 35, 36 and graphs 2a, 2b 2c.

The results of the statistical analysis significant
di fference between the dysphonics and the synthesized voi ces.
The neans standard deviation of synthesized voice showed
| esser variations than the dysphonics hence statistically, no
significant difference between the dysphonics and synthesized
voi ces, were observed.

The sanme was true for the conparison normals &

dysphoni cs and normals between thus the mninmum intensity not
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a significant paraneter for the purpose and synthesized
Voi ces. Thus the mninmum intensity is not a significant

paraneter for the purpose of synthesis of voice.

G oups Mean SD Range

Nor mal 50. 92 2.77 48.12 - 54.31
Dys 47.536 6. 099 37.48 - 52.37
Syn. 47. 38 5.024 40.11 - 52.2

Table 33 : Mean, SD range of maxinmum intensity in phonation

of /al for normals, dysphonics and synthesized voi ces.

G oups Mean SD Range

Nor mal 48. 66 3. 006 46.35 - 53.63
Dys 43. 548 4. 448 38.45 - 50.73
Syn. 49. 188 5. 275 40.32 - 54.3

Table 34: Mean, SD range of maxinmum intensity in phonation of

[i/ for normals, dysphonics and synthesized voi ces.

G oups Mean SD Range

Nor mal 50. 004 4. 207 46.29 - 57.27
Dys 45. 886 6. 578 37.85 - 53.78
Syn. 48. 302 5. 67 38.89 - 53.44

Table 35 : Mean, SD range of maxinmumintensity in phonation

of /u/ for normals, dysphonics and synthesized voices.



G oups r Si gni ficance

/ al lil /ul | al lil [ ul
N Vs dys .9 4 .6 - - -
N Vs syn. .9 .8 .6 - - -
Syn Vs dys .9 .6 .6 - - -

Table 36: Conparison of normals Vs dysphonics normals Vs
synt hesi zed voices and synthesized Vs dysphonics in terns of

mnimmintensity in/al, /il &/ul.

| NTENSI TY RANGE | N PHONATI ON:

G oups Mean SD Range
Nor mal 1.738 0. 496 1.09 - 2.27
Dys 0. 888 0. 66 .01 - 2.03
Syn. 1.162 0. 56 1.16 - 2.03

Table 37: Mean, SD range of maximum intensity range in

phonation /a/ for all three groups.

Groups Mean SD Range
Nor mal 1.272 0. 493 .9 - 1.88
Dys 2.504 1.118 1.55 - 3.95
Syn. 1.05 0. 823 .43 - 2.5
Table 38 : Mean, SD range of nmaxinmum intensity range in

phonation of /i/ for all three groups.
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G oups Mean SD Range

Nor mal 2. 296 1.429 .99 - 4.73
Dys 1.934 1. 980 .76 - 5.46
Syn. 1. 66 1. 494 .79 - 1.29

Table 39: Mean, SD range of maximum intensity range in

phonation of /u/ for all three groups.

G oups r Si gni ficance
/ al [il [ ul / al il /ul

N Vs dys .1 3. 4 + + +

N Vs syn. A .6 . 8 - - -

Syn Vs dys O -.515 -.6 + + +

Table 40: Conparison of normals Vs dysphonics normals Vs
synt hesi zed voices and synthesized Vs dysphonics in terns of

intensity range in phonation of /a/, /il & /ul.

The results obtained in the present study in the
nor mal s, dysphonics and synthesized voice groups are
presented in tables 36, 37, 38, 39 & 40 and graphs 2a, 2b 2c.

The results showed statistically significant difference
between synthesised voice groups and dysphonics. t he
dysphonics showed inability to maintain the intensity at a
steady |evel like normals. Hence, a statistically
significant difference was observed between normals and

dysphoni ¢ groups.
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A conparison between normals and synthesised voices
showed no significant difference in intensity range for
phonation of /a/, /i/ & /ul. Therefore it can be stated that
the dysphonic voice had approxinmated the normal voice after

synthesis in terns of intensity range.

EXTENT OF FLUCTUATIONS I N | NTENSI TY:

The extent of fluctuations in intensity has been

considered as indicating the regualrity of wuibration of the

vocal cords.

G oups Mean SD Range
Nor nal .01 .00 .01 -
Dys 1.92 .83 .01 - 1.92
Syn. .01 .00 .01

Table 41: Mean, SD range of extent of fluctuations in

intensity for phonation for /a/ for 3 groups.

Q oups Mean SD Range
Nor nal .01 .00 .01
Dys .85 1.318 .01 - 1.9
Syn. .01 .00 .01

Table 42 : Mean, SD range of extent of fluctuations in

intensity for phonation for /i/ for 3 groups.
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G oups Mean SD Range
Nor mal .01 .00 .01
Dys 1.078 2.410 .01 - 5.39
Syn. .01 .00 .01

Table 43 : Mean, SD range of extent of fluctuations in

intensity for phonation for /a/ for 3 groups.

G oups r Si gni fi cance
/ al [il [ ul / al lil [ ul

N Vs dys 1 .2 -.3 + + +

N Vs syn. 4 .9 .8 - - -

Syn Vs dys .1 .3 0 + + +

Table 44: Conparison of normals Vs dysphonics normals Vs
synt hesi zed voices and synthesized Vs dysphonics in terns of
extent of fluctuation in intensity in phonation of /a/, /il &
lul.

The results, regarding extent of fluctuations in terns
of intensity in phonation have been tabulated in table 41,
42, 43 and 44 and graphs 2a, 2b 2c. A significant difference
was oberved between normals and dysphoni cs. It also revealed
that there was significant difference between synthesized
voice and normals, in terns of extent of fluctuations in
intensity in phonation. Further no significant difference

was observed for synthesized voices & nornmals.
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SPEED OF FLUCTUATI ONS:

This parameter along with the other paraneter extent of
fluctuations in intensity has been considered to provide
information about the <condition and functioning of vocal
cords. Tabl es 45, 46, 47 and 48 and graphs 2a, 2b and 2c
showed the results obtained for normals, dysphonics and

synt hesi zed voi ces.

Simlar to the extent of fluctuation in intensity, the
speed  of fluctuation in intensity showed significant
di fference between the dysphonics and the synthesized voi ces.
Further normals showed significantly different values than
the values for the dysphonic group. The conparison between
the normals and the syntesized voice groups showed no

significant difference, statistically.

G oups Mean SD Range

Nor mal .01 .01 .01

Dys .69 .83 01 - 1.92
Syn. .01 .00 .01

Table 45 : Mean, SD range of speed of fluctuations in

intensity for /a/ for 3 groups.
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G oups Mean SD Range
Nor mal .01 .00 .01
Dys 3. 648 7.112 .01 - 3.95
Syn. .01 .00 .01
Table 46 : Mean, SD range of speed of fluctuations in

intensity for /i/ for 3 groups.

G oups Mean SD Range
Nor mal .01 .00 .01
Dys 1.928 4. 311 .01 - 1.96
Syn. .01 .00 .01
Table 47 : Mean, SD range of speed of fluctuations in

intensity for /a/ for 3 groups.

G oups r Si gni fi cance
/ al lil [ ul / al [l [ ul

N Vs dys -.2 1 0 + + +

N Vs syn. .9 T .8 - - -

Syn Vs dys .1 .2 -.3 + + +

Table 48: Conparison of normals Vs dysphonics normals Vs
synt hesi zed voices and synthesized Vs dysphonics in terns of
speed of fluctuation in intensity in phonation of /a/, /il &

[ul.
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The results of the conparisons show that the extent of
fluctuations and speed of fluctuations in intensity, which
are considered to be rough neasures of shimer, have been
reported to contribute to the poor voice quality of the
dysphoni c. A correction of the paraneter significantly
i nprove the voice. The paraneters which differentiated
synt hesi zed and dysphonics and between normals & dysphonics

are listed as foll ows:

a) Mean fundanental frequency

b) Extent of fluctuations in frequency
c) Speed of fluctuations in frequency
d) Intensity range

e) Extent of fluctuations in intensity

f) Speed of fluctuations in intensity.

The hypothesis that there is no significant difference
between normals and dysphonics can be rejected. Simlarly
the hypothesis that there is no significant difference
between synthesized voice and dysphonic voice can be

rejected.

Normal and synthesized voices showed no significant
difference in all 12 paraneters. Hence, the hypothesis that
there is no significant difference between normals and

synt hesi sed voi ce was accept ed.
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QUALI TY JUDGEMENTS:

Five experienced voice therapists carried out quality
ratings of the nornal synt hesi zed and dysphonic voice
recordi ngs. 15 normal, 15 synthesised voice sanples and 15
dysphonics voices (/a, /il and /u/) were presented randomy
to the voices therapists. They were asked to rate on 7 -

point rating scale, which was as foll ows:

- Ssevere

6

5 - noderate abnor mal
4 - mld

3 - near nornal

2

- nor mal

[ —
1

good
0 - very good.

The dysphonics were grouped under severe, noderate and
mld hoarse voices. The synthesized voices were taken as the
rest of voices, voice therapists were instructed to identify

and rate the dysphonic voices, normal and synthesized voi ces.

Results have been shown in table 49. This table shows
the rating for each voice, which were presented. The rating
were taken into account, when 3 or nore voice therapists

rated the sane.
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DYSPHONI CS SYNTHESI| ZED VO CE
lal  [il [lul lal  [il [ul

6 5 4 2 3 3
4 4 7 3 3 3
RATI NG 5 4 4 3 2 3
d VEN 4 5 5 3 2 3
4 4 5 3 3 2

From the above table 49, the quality rating can be made.
(3 out of 5 voice therapists rating were taken as final
scale). Under three main categories i.e., severe, noderate
and mld dysphonia. These dysphonics included both nmal es and

f emal es.

It can be noted that the subjective evaluation of these
dysphonics correlated with that of the objective evaluation.

The synthesized voices of these dysphonics were rated
mai nly under "near normal"” and "normal" i.e. in the 7- point
rating scale, synthesized voices were given a rating of "3"
and "2". Only one particular synthesized voice i.e. /i/ of a
particular case was rated as being i.e., "mld" abnormality.

Al normals were rated as either 2 or 1 i.e. 'normal' or
' good' . From the above results, it can be shown that the
synt hesi zed voice has approximated normal voice, as rated
subj ectivel y. Thus the synthesized voices of the dysphonics

was good enough to therapeutic intervention.
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The hypothesis that the synthesized voice of dysphonics,
wi thout wusing the characteristics of voice which were not
altered in process of synthesis, could be used as a nodel for
voi ce therapy for dysphonics, was accepted as the synthesized
voice was found to be normal, near normal, by the judges on

the perceptual eval uation

SYNTHESI ZED VO CE AS A MODEL | N VO CE THERAPY
Al the five dysphonics, were advised voice therapy at

All1SH clinic.

They were notivated towards therapeutic intervention by
exposing them to the latest software packages available for
voi ce and enphasising the inportance of the programes. As
described earlier their dysphonic voices were synthesized, by
mani pul ating various paraneters. Using this as basis,
further t her apeutic i ntervention was carried out ,

systematically.

i. The dysphonics were presented with the synthesized voice
of that particular subject (their own voice), auditorily
using the software program

ii. They wer e made to identify the differences in
synt hesi zed voice, by matching their own voice, and also
made to discrimnate their voice from the synthesized
Voi ce.

iii. The dysphonics were notivated to vary the voice to
approxi mte the nodel provided i.e. synthesized of that

particul ar subject.
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Once the therapist was sure that the subject had
approximated the synthesized voice, the final step in
therapy was carried out i.e. stabilization of the voice

establ i shed through this approach.

This was used with all the 5 dysphonics, during the
initial stages five of them underwent this kind of

appr oach.

Al the dysphonics showed inprovenent in their voice
i.e. they were able to discover a new voice on the basis
of the synthesized voice. The dysphonics also showed
notivation, in this kind of approach which there by

facilitated his inprovenent in his voice.
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SUMVARY & CONCLUSI ONS

This study aimed to synthesize the voices of dysphonics
using synthesis program to create voice which approxi mated
normal voice and would serve as a nodel during therapeutic
i nterventi on. Five dysphonics (3 males & 2 fenmales) were

taken for the study. 5 nornmals were also taken as controls.

Using the SSL program the dysphonic voices were
synt hesi zed. Three nmajor paraneters i.e. Fundanent a
frequency, Bandwidths and intensity were nmanipul ated. The
synthesized voice was found to approxinmate normal voice
subj ectively. Subjective evaluation was done by 5

experienced voice therapists, on a 7 - point rating scale.

bj ectively, 12 paranmeters were acquired, analysed and
nmeasured for the dysphonic voice, synthesized voice and

normals. The paraneters measured were

1) Frequency paraneters:

- Mean fundanmental frequency (Hz)
- Maxi mum (Hz)

- M nimm (Hz)

- Range (Hz)

- Fluctuations/sec

- Extent of fluctuations.
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Intensity paraneters:

- Mean AO (dB).

- Maxi mum AO (dB) .
- M nimm AO (dB).
- Range AO (dB).

- Fluctuations/sec

- Extent of fluctuations.

The results obtained were then subjected to statistica
analysis using rank correlation coefficient in the "Epistat”
program The follow ng concl usi ons have been drawn, from the

statistical analysis:

In the mean fundanent al freq. (Hz), ext ent of
fluctuations in frequency, speed of fluctuations in
frequency, intensity range, extent of fluctuations in

intensity, speed of fluctuations in intensity, significant
di fference was observed for the synthesized and the dysphonic
groups. This was sane for the dysphonic group and the nor nal

groups.

Significant difference was not observed for t he
synt hesi zed voice and nornmals. This statistical results

correlated with the subjective results.

Synt hesi sed and dysphonic groups showed no significant
difference for the maxinmum fundamental frequency, m ninmum

fundanental frequency, frequency range in phonation, mean
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intensity in phonation, maxi mum intensity and m ninmm

intensity in phonation.

As a part of this study, synthesi zed voice were

presented to the dysphonics, auditorily, during therapeutic

i ntervention. The dysphonics matched their voices with the
synt hesi zed voice and varied their fundamental frequency. In
this mnner, they discovered a new voice, whi ch they

approxi mated and stabilised.

| MPLI CATI ONS:

1) This approach of voice synthesis can be used to create

nodel s for the dysphonics during therapeutic intervention.

2) Using synthesized voice, the dysphonics |listens to their
own voice as normal voice; self hearing can show better

i nprovenent in their voices.
RECOVMENDATI ONS FOR FURTHER STUDY

1) These paraneters may be studied wth different groups

i.e., (mle & fenmales separately) for particular age

groups.

2) More nunber of paranmeters can be included to study the

di fference between the synthesized voice and the dysphonic

Voi ces.

3) Pre and Post therapy, using synthesized voice program can

be studi ed.
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