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INTRODUCTION

"A person'svoiceisacomplex signal which encodes various
kinds of information, among them some reflect the anatomy and

physiology of the spegker” (Corsi, 1979).

The heritage of the present day student of speech is an ancient
and honourable one, for the study of speech is one of the oldest of
academic disciplines. It is 2500 years since Aristotle, but 2500 years
before Aristotle, the sudy of goeech occupied aplaceof interest in human
affairs. The last few decades, however, have seen various other
contributions to our understanding of speech. It may be said that more
progress has been mede in the past 50 years than was made in all the

previous centuries.

Therole of voice in speech isddTredy obvious Jthe mgjority
of phonemes are voiced, including all vowel's, semivowelsand nasals.
M ost of the remai ning consonants are made up of voiced, unvoiced pairs,
making thetotal phoneme st predominantly voiced. Inaddition,voicing
carries the rhythm and melody of speech. These are patterns of pitch,
loudness and duration, that tie together syllabl es, phrases and sentences.
In the 1940's anew field arose wherein alot of attention was focussed

on the process of voiceidentification.

"The ability to recognise the speaker by his voice is a
characteristic much prized in gpeech communication” (Bolt, 1979).
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In 1944, Gray and K opp found that pectrograms coul d be used
for gpesker identification. Spectrograms portray talker identification
features, in addition to phonetic variations.

Speaker recognition can be carried out by many means. The
three generd methods of spesker identification are :

al Aural examination of voices
b] Visual examination of spectrograms
c] With the help of computer.

Theinitial two methods are considered as subjective methods
and the last is considered as an objective method. Subjective methods
are those wherein the trained personnel makes the decision as to whether
the voice belongs to the talker. After evaluation of |aboratory conditions
and field conditions (Tosi et a and Nash, 1979) aconclusion wasdrawn
that a combined method of aural and visual examination of Speech
samples can be used in the investigation of a crime (provided certain

dandards are maintained). This method was called as "voice printing”.

Objective methods of voice identification are those in which
the decision as to whether or not an unknown voice belongs to the same

talker is made by a machine (computer).

Voice identification has been found to be affected by 3 mgor
variables (1) spesker; (2) transmission and recoding; (3) procedures used

for analysis and identification. Among these, the effect of transmission
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recording procedures on spesker identification have been underestimated
and less studied.

Studies have shown that it is possible to identify race (Stroud,
1956; Hibler, 1960; Dickensand Sewyer, 1961, Larson and Larson, 1966;
Lasset al. 1979) socio-economic satus (Harms, 1961,1963), persondity
(Stagner, 1936; Eisler, Rerse, 1967). Specificidentity (McGhee, 1937;
Pollack, Pickett and Sumby, 1954;V oiers, 1967; Coleman, 1973b), and
facial features of the speeker (Lass and Harvey, 1976) by analysis of
voice of the spesker.

These studies have been considered to "provide very useful
information in a variety of future theoretical and applied areas of
investigators' (Lass, 1980).However such studies are scanty with respect
to Indian population.Therefore the present study has been undertaken
with an aim of finding out the possibilities of estimating the physical
characteristics & identifying the photographs of the speaker based on
his or her speech by the Indian judges.

Purpose

The present investigation was aimed at determining the physical
characteristics such asage, sex, height & weight of theindividual speskers
through perceptua judgement of their oeech samples.It was proposed
to find out whether it would be possible to identify the physical
gppearance (photograph) based on the gpeech sample, thetis, identifying
the photographs based on the subject's speech sample. Thiswas proposed
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as one generally gets amental picture of the speaker when one hearsthe
Speech.

M ethodology

In the present study three groups of judges were sdected at
random to identify the physical characteristics of age, sex, height &
weight by listening to the speech samples. Thejudgesweredividedinto
three catagories.experienced group that comprised of undergraduate &
post graduate students of Speech & Hearing, inexperienced or naive
group, that comprised of strangers who were not exposed to the field of
Speech & Hearing, & the untrained group of sudentsthat comprised of
1« B.Sc students of Speech & Hearing. The mean speaking fundamental
frequency & rangewaselicited using Vaghmi software.

In the 2nd part of the study the judges had to identify a
photograph after listening to the speech samples of the subjects. The

results are discussed.

Hypotheses

1) Thephysical characteristics, namely age, sex, height & weight of the
Soesker can be estimated accurately by the listeners based on the
speech samples of theindividual spesker.

2) The physique of the spesker that i s, the photograph of the spesker,
can beidentified correctly by thelistenersbased on thespeech samples
of theindividual spesker.
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3) Theidentification of the phydque (photogrgph) & estimation of the
physica characterigtics by thejudges are not rdated to ther training
or background.

4) The physica characterigtics, namndy age, sex, height & weight of the
goesker, is not rated to the mean fundamentd frequency of goeech
of theindividua goesker.

Limitations

1. The age range of the suject isof limited range.

2. Only limited physical characteristics & acoudic parameters have been
discussed.

Recommendations

1. Studieswith large population & greater ege range can betried.
2. Studies usng judges before & dfter training to estimate physical
characterigicscan betried.



REVIEW OF LITERATURE

Theact of speskingisavery specidized way of usng thevocal
mechanism. The act of Snging is even more 0. Singing or spesking
demand a combination or interaction of the mechaniam of respiration,
phonation, resonance and goeech articulation (Boone, 1972).

Human beings have taken millions of years to deveop ther
vocal goparaus adone with other organs, to express their fedings,
describe an evant and to establish communication. There is no normal
person who hes failed to devdop this faculty and no other goedies is
known to have developed this ability.

Specch is aform of language that cons gts of sounds produced
utilizing the flow of air from the lungs. Speech may be viewed as the
unique method of communication evolved by man to suit the uniqueness
of his mind (Eisenson and Irwin, 1963). Speach can be defined as a
genetically determined individual psycho-physiological activity
congsting of the production of phonated, articulated sounds, through
the interaction and coordination of cortical, larynged and oral structure
(Newman, 1963). Although it can be deveoped to an extent in some
goadesthrough training, it ssamsto deve op gpontaneoudy only in humean
bangs. Speechiseadly produced by human being, therange of possible
variationsof goeach areimmenss, it can be varied from asoft whisper to
aloud shout, on the one hand, the smplest form of imitation to the
highest leve of singing.
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The underlying basisfor gpeech isvoice. The importance of
voice in gpeech is very well depicted when one considers the cases of
laryngectomy or even the voice disorders. "V oice plays the musical
accompaniment to speech, rendering it tuneful, pleasing, audible and
coherent, and is an essentid feature of efficient communication by the
sooken word" (Greene, 1957). V oi ce has been defined asthe "laryngeal
modulation of pulmonary airstreams, which is further modified by the
configuration of thevocal tract (Michael and Wendahl, 1971).

The sounds used in human speech serve for communication at
many levels. Less than one percent of the speech is used for linguistic
purpose, as such, therest gives other kind of informati on about the specific
characteristic of a goesker, which enables one to recogni ze the spesker's
physical well-being emotional states and attitudes towards the entire

context in which the speech event occurs.

It is well established that voice has both linguistic and non-
linguistic functions in any language. The degree of dependence of
language on these functions varies from language to language. For e g.
"tona languagesrely more upon the voice more specifically, than other

languages'.

Voice is the carrier of speech, it acts as a musical
accompaniment, variation in voicein terms of pitch and loudnessprovide
rhythm and also bresks the monotony. This function of voice draws

atention, when thereisadisorder of voice, |eading to monotonous speech.
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Voice is a complex acoustic signal, which varies in many
dimensions, as the complex physiological mechanism which generates
its changes. In principle, any of the effects of the changes on alisteners
perception could be called changesin voicequality. Sincethevoiceisa
dynamic instrument, it's character changes continuoudly. Some aspects
of quality arise from the dynamic variations that occur with changesin

vowels and the transitions between these vowels (Estill, 1982).

"Voicing, presence of voice, has been found to be the mgor
distinctive feature' in amost all languages. Voicing functions as a
distinctivefeature and provides more phonemes and makesthe language
more broad. When thisfunction is 'absent’ or used ‘abnormally" it would
lead to gpeech disorders (Peterson, 1966).

At the semantic level also, voice plays an important role,
specialy in tona languages. The use of different pitches, with thesame
string of phonemes, would mean different things. This function of voice

Is very well demonstrated in tonal languages like 'Punjabi’ and 'Thai'.

The term 'tone' refers to a feature of syllable in a sequence
and the term intonation is used to denote a sequence of tones whose
function relates to a sentence or pat sentences. Fry (1968) is of the
opinion that all the languages make use of the same system of tones, and
this may operate a two or three different levels. In some langauges,
tone may function a a phonological level and contrasts of tone may
have effects similar to those of phonemic differences. The tone also
functions at grammatical or syntactic level both in tone and non-tone

languages.
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The digtinction between a datement and a question, between
question and a command and so on, have the same string phonemicsin
the same order. In many languegesiit is sgndled by adifference tone,
The ather function of voiceis conveying the afective Sate of the Soesker.
There is condderadle interaction between the effects of thee three
functions. But they form akind of hierarchy i.e. the phonologica tones
may get modified by the demands of grammaticd intonation and inturn
it may be modified by the nesd for emotiona expresson. However
thereis never a complete subordination of onelevel to anather.

Each spoken word or santence condds of series of dresses,
just like tones  Each syllable carries some dress and a succession of
these dresses mke the rhythm or rhythmic pattern. The dressand rhythm
differences may srve to differentiate the words. Apart from this, dress
and rhythm are ds0 used for grammatica and affective functions of a
language. Thus the parameters of voice,pitch and loudnessplay avital
rolein language, however the importance of these vary from languageto

language.

Perkins (1977) has identified a least five non-linguistic
functions of voice. Voice can reved goesker identity i.e. voicecan give
information regarding the sex, age, height and weight of the oesker.
L ass (1980) reports of severd dudieswhich have shownthet itispossble
to identify the speekers age, X, race, socio-economic daus, facid
features, height and weight based on voice. This agpect of voice hes
recelved condderable atention and has been found to be useful in
criminology. The ability of thevoiceto provide information regarding
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the gpesker is from the well perfected implicit code (Voicers, 1964).
This code is gaining importance, which is evident from the rapidly
Increasing interest in voice printing, the tel ecommuni cation ana ogue of

finger-printing (Perkins, 1977).

Allport (1963) summarizes his research with Cantril (1936)
by stating that when subject read aloud the same written passage&jage
can usualy betoldwithin 10years.

Schwartz (1968) and Ingelmann (1968), employed isolated
voiceless fricatives as auditory stimuli and found that listeners could
accurately identify speaker's sex from these stimuli, especially from
/h/, /s and/f/, sincethelaryngeal fundamenta (Fo) wasnot availableto
the listeners because of the voi cel ess condition of the consonants. These
findings indicate that accurate sex identification is possible from vocal
tract resonance information alone and therefore, that formants are

important cues for spesker sex identification.

Further, support for this conclusion has come from studies by
Schwartz and Rine (1969) and Coleman (1971). In the Schwartz and
Rine (1968) study, the ability of listeners to identify spesker sex from
two whispered vowels/ i / and/a/ wasinvestigated. They found 100 per
cent correct identification for /a/ and 95 per cent correct identification
for /i / despite the absence of thelaryngeal fundamental. InColeman's
sudy (1971) on mae and femde voice quality and its relationship to
vowel formant frequencies/ i/, /ul/, and/al prose passage was employed
toexplorelistenersability toidentify the sex of the gpesker. A | | stimuli
were produced at the same voca fundamenta frequency (85 Hz) by
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means of an dectrolarynx. Coleman (1971), discovered that listeners
were cgpable of accuratdy recognizing the sex of the goesker, even when
the fundamentd frequency remained condant for all speskers.

Lasset al. (1976), compared accuracy of ability to identify sex
of the gpeskers from voiced, whigpered and 225 Hz low pess filtered
isolated vowes. They found thet listener's accuracy ws gregtest for the
voiced stimuli and followed by the filtered stimuli and leest accurate for
thevoicdessvowes. Sincethelow passfiltered vowed s goparently had
no formant informeation, they concluded that the larynged fundamental
was a more important acoustic cue for goeeker =x identification than
the goesker’s vocd tract resonance characteridtics.

Graddol and Swann (1983) conducted a study about the
relationship between speaker height and weight and speaking
fundamenta frequency in a socially homogeneous group. The results of
this sudy suggested that, in male sample the soesker haelght isrelated to
average soesking fundamentd frequency (SFF). The femde sample
differed from the mde samplein such away that the SFF did nat, corrdate
well with their lowes atanable FO and the women's height did not
corrdate well with thar lowest atainable FO, suggesting that haght is
not agood indicator of the Sze of women'svocal goparatus A further
investigation of the passage in which a dose rdationship was found
betwean (mae) goesker heights and median SFF showed thet the strength
of the relationship wes dfected by intonational characteristics, in
particular the declination pattern. This suggest that one of the sex
differences found may be due to different intonationa patterns used by
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women and men, an interpretation which received support from other
research suggesting that women's voices are more variable in FO then

men's.

It is a prevailing notion that there is ardationship between
voice and persondlity i.e. the voice reflects the personality of the
individual. Therewere no convincing evidences until investigations by
Sarkwegther et al. (1961) were conducted and showed the relationship

between these two. However, more studies are required in this area

Fairbanks (1938, 1939, 1941, 1966), Pronovos (1938) ad
Huttar (1967) have concluded from their sudies that the voice reflects
the emotiond conditionsreiably. Scherer and Giles (1971) studied the
correlation between socia datus and voice, and reported that higher
socid gatuswas associated with more 'creaky' phonation, while lower

socia daus reveded voices with more whispering and harshness

V oice can d so be consdered to be reflecting the physiol ogical
dae of theindividual. For eg. avery week voice may indicate thet the
individua is not kegping good hedth, or adenasa voice may indicate
thet the goesker has common cold. Apart from this, itisawell known
fact that voice basically reflects the anatomical and physiological
condition of the repiratory, phonatory, and resonatory systems i.e.
digurbance in any one or more of these sysems may lead to voice
disorders.

Studies have shown that it is possible to identify race (Stroud,
1956; Hibler, 1960; Dickens and Sweyer, 1962; Larson and Larson, 1966;
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Lasset al. 1979) socio-economic status (Harms, 1961,1963) personality
(Stagerer, 1936; Eisler, Reese, 1967), specificidentity (McGhee, 1037,
Pollack, Pickett and Sumby, 1954; Voiers, 1967; Coleman, 1973) and
facial features of the spesker (Lass and Havey, 1976), by analysis of
voice of the spesker.

An atempt has been madeto find out the physiol ogic conditions
based on voiceanalysis. A recently devel oped aspect in the areaof early
identification is infant cry analysis. It has been found by many
investigators (Blinick, 1971; Fisichelliv. etal. 1963,1966; Indira, 1962)
that it is possible to identify abnormalities in the neonates by analyzing
their cry immediately after birth or within afew others after birth. The
cry analysis has been found to be areliable and valid predictor of the
conditions of the child and it has been adopted as aroutine test in many
children's hospital.

Several techniques have been devel oped to identify voiceusing
different information (K”esta, 1961; Drecher, 1967). Knesta (1962) has
used spectrographic information to identify the spesker. Drecher (1967)
in one of his technique has used computer analysis of frequencies,
intensities, durations and pauses. And in another technique he has used
aquas ‘fourier analysis in which speech power isplotted in acircle,
whirled under stroboscopic light and analysed in terms of various
relationships among standing peatterns that can be detailed visually
(Perkins, 1977).
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These studies have been considered to provide very useful
information in a variety of future theoretical and applied areas of
investigators (Lass, 1980). The information from these studies will be
useful in training listeners in recognizing various characteristics of
Speakers. Some of the cuesregarding speskers sex and size identity are
derived from an auditory analysis, and from absolute and rel ative resonant
frequencies (M cGhee and Ladefoged, 1963, 1967). For the purpose of
goeakers sex identification gsudies have employed voicel ess fixatives,
isolated spectral noise and whispered vowels (Schwartz, 1968;
Ingermann, 1968; Coleman, 1971). Studies have also been done using
electrolarynx asthe voice source (Lackwene, 1974). " All these studies
have shown that gpeskers sex can be identified accurately” (Dennis,
1980). Theresults of Dennis, Ingennan, Gray Weismen and Schucker
(1980) study on s=x identificationin children has shown that vocal tract
resonance characteristics makes the greatest contribution inthe accurate
perception of sex, when the information on fundamenta frequency is
absent. In a study of spontaneous speech of five and six year old
children - listeners were able to identify the speakers sex with 78% to
71% accuracy for male and femade separately (Dennis, 1980).

Natargaand Kushal Rg (1982) conducted astudy to investigate
thelistener ability toidentify theage & sex of young children. Tenmae
and 10 femae children ranging from 3-5 years studying in nursery school
were considered as speekersfor thestudy. They were asked to say vowel
/al, lil /u/ /el and aso to count humbers one to ten and judges were
instructed to listen to the recordings and identify the age and sex of the
Foeeker. Results showed that more than 50 percent of thejudgesidentified
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the sex of 65% of the goeskers correctly sex eventhough not much
difference was found in the fundamentd frequency of voiceandinvoca
tract resonance characterigtics in the early age group.  Further, it was
sen that none of the goesker’s age could be identified by the judges
beyond chance level, but it would be possible to identify the ege nearly
90% of the cases within +/- 1 year from actud age

Infant and child s=x identification research further has
illustrated the source-filter controversy. Mothelswere aole to recognize
the cry of thair own infants but failed to identify at better than chance
leve (Lauker, 1980).

Dennis, Ingress, Gray, Weismer and Schucker (1980) in their
dudy on sex identification have shown that voca tract resonance
characterigtics mekes the grestest contribution™ In the aosence of
fundemental frequency information.

A person's voice is a complex acoudtic Sgna which encodes
various kinds of information, among them somereflect the anatomy and
physiology of the speeker due to large amount of spoesker identity
information in the goeach signal. Spesker recognition can be carried by
many means (Corsi, 1982).

Voice identification can be conddered to b avery old or very
modern technique/process depending on the point of view fromwhich it
iIsandyzed. M ultiple methods of voiceidentification can be represented
aong acontinuum that goes from very subjectiveto very objective. The
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oldest method (placed a the extreme subjective end of the continuum)
would be listening to atalker and recognizing him/her through familiarity
with his’her voice. Since thousands of years, not much attention has
been giventothisarea Itwasonly in1935'sthat scientistsattempted to
bring scientific insight into the modality of the process of voice

identification.

Nead for Soeaker | dentification/Verification M ehodsand Sysems

There are numerous aress of social, commercial military and
forensic applications in which identification or verification of a Spesker

based on speech inputs are useful.

Examples of some applications are:

1) Access to Privileged Information

a) Access to important information retrieval systems.

b) Personnel information provided by insurance clients.
C) Inventory status of manufactured products.
d) Banking and credit transactions.

1) Security
Security by voice locks for entry into restricted area.

ii") Military
a) Determining theemotional date of goesker.
b) Ascertaining the recognition and authenticity of speekers.

C) Access to secured areas by voice identification.
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Iv) Aidto Handicapped Persons, eg. Operation of mechinesbassd on
voice commeands and individual - specific operation.

v) Forensc Applications, eg. Aidto law enforcementsand criminal

justice.

Qbjative Maehodsof Talker | dentification and Elimination

Aural examination of recorded voices and visual examination
of gpeach specirographs are cons dered to be subjective methods of voice
identification, each within a different category of subjectivity. Aural
examination of voices : A listener isasked to uselong-term memory or
ghort term memory process to identify/eliminate an unknown taker as
being the same as apast known one.

The first ggnificant experiment done in the area of aurd
examination using thelong term memory processwas by M cGhee (1937,
1944). She usad 31 mde and 18 femde takers, reading apassage of 56
words 740 untrained listenerswere used. Two sessonswere conducted.
During the firg session, the ligenersheard ataker behind a screen and
during the second 5 talkers reed the same passage. The listener's task
wes to identify the goesker of thefird sesson. The 2nd listening sesson
was spaced differently, resultsindicated that the : a Average percantage
of correct identification varied from 83% tol 3%. b. Astimewasincreased
(one day - 5 month lgpse) between the 2 sessons, lower percenteges
were secured, c.Disguising the voice, reduced percentage of
identification, d. Male and femde voices were equaly identifiable.
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Pollack, Pickett and Sumby(1954) aso paformed an experiment based
on long-term memory. Three variableswereinvestigated : duration of
goech sample, filtering and whispering. Their findings are summearized
as follows : a Whigpered gpeach reduced the percentage of correct
identification by gpproximately 30% b. Whispered goeech samples must
have aduration of a least 4 sees (normd goeasch - 1 s=C) to get correct
Identification scores, ¢. For low pass and high passfiltering identification
paformance is redstant tosdective frequency; however filtering above,
500 Hz and beow 2000 Hz decreased the percentage of correct
Identification.

Coleman (1973) diminated the influence of glottal source by
usng an artificia larynx with a fundamenta frequency of 85 Hz.
According to him, resonances of the vocal tract are the dues for voice
identification rather than the glotta characteristics of thetdker.

Researchers have conducted experiments using different
methods of presentation of goeech materia. Stevens et al. (1968)
presented the goeech samples aurdly through heedphones and visually
as goectrograms. Two kinds of experimentswere carried out. 1. A series
of dosed tetsin which there was alibrary of samplesfrom 8 goeskers
and tes utterances were known to be produced by one speeker. 2. A
seriesof open testsinwhich the samelibrary of 8 gpeskersweas used, but
test utterances may or may not have been produced by one of the Joeekears

The reaults of the closed teds indicated that after 4 hours of
expodureto thetest Stuation the percant error in identification of spesker
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from isolated speech samples (words or phrases) was about 6% for aural
presentation and about 21 % for visual presentation. These scores depend
upon the talker, the subject, and the phonetic content and duration of the
goeech material. For the open visual tests, appreciable number of fase
- acceptances (incorrect authentications) were made.

Theresults suggest thefollowing : 1. Aural identification was
more accurate than identification from spectrograms using amatching
from asampletechnique. 2. For visual identification, longer utterances
Increased the probability of correct identification. 3. Itiseaser toidentify
atalker when he utters a word containing a front vowel than when he
uttersaword containing aback vowel. 4. Therearelargedifferencesin
the ability of subjects to identify voices on either avisual basis or an
aural basis. 5. Indirect evidence suggeds that matching from sample
technique in which the comparison items consists of several repetitions
of the utterance by each talker leads to improved scoresrelative to the
caseinwhich only asingle comparison utteranceisavailablefrom each
talker. 6. Authentication of voicesismuch poorer onavisual basisthan
on an aural basis. They have suggested some variables which needed
further probing. 1. The effect of more extensive training of subjects
particularly for visual tests. 2. The advantages of using more than one
standard utterance for each member of the ensemble of talkers. 3. The
effect of using subjects working together in groups rather than
individually. 4. The improvement to be achieved by combinein aura

and visual methods. 5. Theresstance of both methods of mimicking.

Saravanan (1997) carried out a study that was aimed at
determining the effect of transmission linei.e. telephone, on the speech,
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in terms of tempora and acoudtic parameters. Five mde sujectsinthe
age range of 20-30 yearswee madeto reed 8 sentences, with 5 test words
embedded in them. The speach samples were recorded in 3 conditions
:(1) gpeach recorded directly through the tgpe deck (2) gpeach recorded
a the goesker end of the tdgphone connection and (3) gpeach recorded
a the recaiver end of the tdegphone connection. The samples obtained
were subjected to spectrogrgphic™duration (3) Burst duration (4) Voice
onst time (5) Closure duration (6) Frication duration (7) Fundamentd
frequency (8) Intengity (9) Forments FI, F2, F3 and F4 (10) Speech of
formant trangtion. The results reveded that there was a Sgnificant
difference between the vowd speech and teegphone soeech for the
parameaers of fundamenta frequency, intensity and formant frequencies
There was no ggnificant difference between the norma speech and the
goeach trangmitted over the tdgphone system for the parameters, word
duration, vowe duration, burst duration, voice onsst time, closure
duration, frication duration and speech of formant trandtion. ltwes
concluded that the tempord paramteters were more dependable on
goesker identification.

Visual Examination of Spesch Soedtrograms

Speech spectrography consists of a display of the main
paramders of agpeach wave time, frequency and intengty. Thisoperaion
wes firg performed to sudained vowes in 1900's usng mechanicd
goectrographs such as the Henrici Analyzer. In 1941, an eectro
mechanica acoustic gpectrographic project led by Ralph Potter was
darted at the Bell Tdephone Laboratories. In 1944, Gray and Kopp
found that goectrograms could be used for spesker identification. In
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addition to phonetic variations, spectrogram also portrays taker
dependant features. Gray and Kopp coined the term ‘voice printing' to
desgnate the gppli cation of gpeach spectrogramsto voiceidentification.

Kresta (1962 &) reexamined 'voice print' usng spectrograms
taken from 5 clue words spoken inisolation. The test was aclosed typed
usng contemporary spectrograms. A maximum of 12 known takers
were used in eech trial. The examiners were asked to give a postive
decision asto which of the known talkers were same as the known one,
Training was given for oneweek. Results showed that the percentage of
correct identification was better than 99%.

Sevensand Tos (1980) supported these findings dthough they
argued that error rateswere higher than those reported by Kresta (1962).
Y oung and Campbell (1967) in their sudy on contextud influence on
goesker identification employed five takers uttering two words. They
were ued as known takers. The closed type of test was used. 10
examineas received 2-5 hours of training prior to the examination. The
words used were 'you' 'it' andVere'spoken in isolation. The correct
Identification was 78%. Then, words were extracted from sentences
The percentage of correct identification of words was 37.3%. They
atributed this low score to coarticulation factor and to the difference in
duration of word gpoken in isolation and in context.

Kresta(1962), Prozanski (1963), Pollack, Pickett and Sumby
(1954) have shown that it was possible to obtain correct identification
for the words spoken in isolation and in context. Bruce (1966) carried
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out an expeaiment similar to the aove. Six takers were consdered.
The dandard goectrograms condg sted often key words spoken inisolation.
One santence containing all these ten key words was used The obsarvers
task was to determine the soesker of the test utterance using the
goectrograms. The error ratefor thistask wasfound to be 50%. Stevens
et al. (1968) sudied goesker identification by aurd and visua examination
of spectrograms. Both the tasks were done separatdy. The task was a
matching task which employed a closed st of eight talkers. The
examinerswere given asa of eght sandard spectrograms. They were
then presanted with unknown gpectrograms to identify. The error of
fase identification ranged from 18% to 50% depending upon the
utterance,

Hazen (1973) reported an experiment paformed to determine
the effects of context on gpeeker identification. Five words were extracted
from the spegker's goontaneous goeech. Seven team pand's consisting
of two examinersrecaved few sessons of training before the sarting of
the expariment. Task to be paformed was aosolute identification or
dimination of one unknown talker among the 50 known ones The error
ranged from 0% from to 83.33%. The error was gregter when the goeech
samples from different spesch contexts were compared, than , when the
samples of goeach from the same contexts were compared.

An extendve sudy on speeker identification has been done by
Todg etal. (1972). Theexpaiment was carried over agan of two years.
A tota of 34,996 experimentd trials were performed by 29 trained
examings This sudy hed two sages 1. To check out the findings
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reported by Kresta (1963). 2. To tes the modes including variables
related to forendc tasks.

Each trial involved forty known voices in various conditions,
with cdosed and open trids, fixed and random context, contemporary
and non-contemporary spectrograms of 906 clue words spoken in
isolation. The examiners were forced to reach a postive decision
(identification/dimination) in 15 minutes by visually examining the
goectrogramns. Reaults were graded on a four point confidence scae,
The results confirmed Krestas (1963) findings. Experimentd trias
corrdated with forensc modds (open tria's, fixed and random contert,
non-contemporary goectrograms) yielded an error score of 6% for fase
identification and 13% score for fase eimination. Examinersjudged
60% of their wrong ansvers and 20% of thair correct ansvers as uncertain
which suggested that if they were alowed for 'no opinion' choice when
In doubt, only 74% of thetota number would have had apositive answver.
A soore of 29% for fase identification and 5% for fase eimination
would be obtained.

Mani Rao and Agrawa (1984) conducted an experiment to
verify speekersidentity by comparing the pair of spectrogrgphs. Fifteen
adult speskers and ten novice examiners participated in the experiment.
The soeach sample cons sted of three English digits (one, two and zero).
The examinerswaere required to observe the spectrograms of two soesch
samples in terms of acoudtic features and decide whether they beonged
to the same goesker or not.  Results showed that 10 novice examing's
could correctly identify the speekers about 85% for mde tadkers and
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7.2% for femdetalkers. They aso carriedout feature to festure analysis,
Results showed the relative importance of rank order of acoustic feature

for correct identification were different than those for correct elimination.

Latha (1987) studied spesker identification by verifying the
gpectrograms based on acoustic features and to identify the acoustic
feature needed for verification. Words extracted from sentences were
used. A total of 30 inter-speaker and 4 intra-speaker pairs and one pair
for test-retest-reliability were prepared. Thethreejudges considered could
identify the speskers correctly (95.5%). The acoustic features found to
be helpful in verifying the speskerswere : overall clarity, total duration
of the word and duration of the individual phonemes, frequency range of
burst, frequency range of noise, energy concentration, voice onset time.
They suggest that by obtai ning aweighting factor for each feature, which
the examiner can usefor verification, goeeker verification by spectrogram

can be made more objective.

Sharmila(1997) conducted astudy which aimed at identifying
the parameters that remain reasonably constant on repeated measures
and across subjects speech samples were collected from five normal
goeskers. Three sessons with an interval of two days between them
were considered to account for both intra-subject and inter-subject
variability. The samples were subjected to spectrographic analysis to
obtain the parameters of (i) Word duration, (2) Vowel duration (3) Bust
duration (4) Voice onset time (5) Closure duration (6) L ead voice onsat
time (7) Frication duration (8) Fundamental frequency (9) Intensity (10)
formants, F1 F2, F3 F4 and (11). Transition of formants. It was concluded

that there was a significant difference among the parameters when both
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inter and intra subject variability were considered, hence the hypothesis
gtating that the parametersinvol ved in speaker identification do not vary
was reected.

Combined aural and visual examination are morein vogue. In
sum, subjective methods of voice identification might offer areasonable
degree of validity if properly applied to practical cases by trained
examiners. Distortions produced by transmission and recording systems
background noise, and psychological and physiological conditions of
talkers will greatly decrease the percentage of cases in which apositive
identification could be reached. They will increase the percentage of
no-opinion decisions or & the worst will increase the percentage of false

eliminations.

Objective methods of voice identification are those in which
adecision asto whether or not an unknown and aknown voice belong to
the sametalker isproduced by amachine, specifically acomputer, rather
than directly by ahuman examiner. Objective methods can be classified

into two groups i.e. semiautomatic and automatic.

Semiautomatic methods need alarge and continuousinteraction
of an examiner with the computer. In the automatic methods human
Interactionislimited, usually it consistsof preparing and inputing proper
samples as well as interpreting output from the computer. Although
some recent word recognition devices have demonstrated high success
rates while giving real time operation, no systems are known which can
maintain their performance in practical application. Thisisduein part

to their inability to make alowance for human factors which become
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noticegblein livedtuaions. Thereisaneed to quantify the peformance
degradation due to these human factors. Other investigations rdated to
voiceidentification have d 0 been carried out. The pectra and tempord
properties of goesch Sgnd's that distinguish phonetic categories can be
substantidly dtered by factors such as phonetic content (Liberman &t
al. 1967), dress (Klatt, 1976), vocd tract Sze and shape (Fort, et al.
1973) and speeking rte (Miller, 1987 a).

Conseguently, changes in one or more of these factors can dter
the perception and categorization of goesch sounds Pisoni and Nygoard
(1999) used saverd different sources of stimulusvariability within spesch
dgnasto see the effect on gpoken word recognition. The efect of varying
talker characteristics, speaking rate and overall amplitude, on
identification performance was assessed by comparing sooken word
recognition scores for contexts with and without variability dong a
soecified stimulus dimension.  Identification scores for word lists
produced by single takerswere sgnificantly better than for the identical
items produced in multiple talker contexts. Similarly, recognition scores
for words produced a a single oesking rate were significantly better
than for the corresponding mixed rate condition.

Simultaneous variations in both speaking rate and talker
characterigtics produced greater reductions in perceptud identification
soores than variability dong either dimension done.  In contrad,
variability in the overdl amplitude of tet items over a 30 dB range did
not sgnificantly ater gooken word recognition scores. The results

provide evidence for one or more resource demanding normalization
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processes which function to maintain perceptual constancy by
compensating for acoudtic phonetic variability in gpeech sgnas that
dfect phonetic identification. As evident from this Sudy, biasing our
finding only on the results of perceptud (listening) findingswould be
Ingppropriate.

A sudy wasdone by Coleet al. (1979) where the subject Joent
2000-2500 hours learning to read goeaech spectrographs. The subject's
ability to identify the phonetic content of broad band pesch spectrographs
of unknown utterances during eight separate sessons of four hours each.
The expart was presented with 23 gpectrograms of English sentences
and ssguences of words and nonsense words, and 45 English words
embedded in aknown carrier phrase. The phonetic labd s produced by
the expert agreed with the phonetic labels produced by trained
phoneticians (who listened to the gpeach) between 80% and 90% of the
time, depending upon the scoring method used. When presented with
wordsin aknown carrier phrass, 1abdl ling parformance was sseninimplor
to about 93%. A linguist presented with the phonetic transcriptions
produced by the spectrograph reeder was unaoleto identify all thewords
in 10 of 15 utterances and missed a single word in each the remaining

five.

"Voice Prints, atechnique basad on traditional methods of
peach goectrogragphy is currently being used in criminal investigations
and courts of law to identify goeskers from recorded voice samples,
Kresta (1963) argued the parallelism of goectrogramsand finger prints.
He demondrated thet contour spectrograms were more suited for this
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purpose. The contour spectrogram has amplitude and frequency
dimensonslikethe bar spectrogram. The amplitude however isshown
by saven quantized/or contour geps. The amplitude doubles with each
inward progresson from one contour to the next. He conducted an
expaiment in which high school girlsweretrained in spectrogram reading
and then presented with spectrograms of 10 frequently occurring
monosyllables. Teds were conducted in which these examiners were
given amatrix of four voice printsfor each goesker and they had to sort
test of utterancesinto pilesfor each goesker. It yielded promising results
of 99%. Whenwords were encerpted from the context of acue santence
instead of gooken in isolation were used, the deterioration in error rate

was merdy 1%

Y oung and Campbell (1967) examined the effect of taking
words from sentences They used the ssamewords as Kresta (1963) and
recorded them inisolation and in santences. 10 obsarvers, all familiar
with spectrograms, were trained to point out visible clueslike frequency,
intengty, regularity of vertica driations. They found thet it wasdifficult
to identify the wordsin santences, the correct identification being 37.3%
and 78.4% in isolation and sentences respectivdly. They refuted the

claim that voice was unique.

Tod et al. (1972) conducted an extendve Sudy over two years.
250 spesker's sampleswereidentified by 29 traned examiners. Various
conditions such as closed vs. open trials, contemporary vs. non-
contemporary gpectrograms, afew clue words, spoken inisolation, in a
defined context and in arandom control etc. were consdered. Decisions
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were based solely on ingpection of goectrograms. The examiners were
asked to grade their degree of confidence in each decison on a four
point scae. There was 64% fdse identification and 60% which were
rated as uncertan by the examiners. They suggeded that if in addition
to visual comparison of goectrograms, the examiners were alowed to
listen to known and unknown voices, the errors might be further reduced.
For ressonable reliability, Tos (1975) opined fulfillment of certain
conditions. 1. Examiners should be qudified, with atraining in phonetics
and 2 year gpprenticeship in the fidd. 2. They should avoid postive
conclusonif thedightest doubt exigts. 3. They should be entitled to ask
for as many samples of gpesch and as much time is needed.

With regard to the above mentioned, Hol lien (1974) soeeks of
. 1. Socia rdevancy of theproblem. 2. Thereationsof voice printsto
thelarger issue of goesker identification and, 3. The differences between
|aboratory experiments and forengc investigations. (1) The"voiceprint"
controversy does not exist Smply asascientific curiogity rather, it forms
the bads on which anindividua accusad of criminal acts can be convicted
or exonerated. Therefore, goesker identification mus be consdered with
pergoective of socia implicationinvolved. (2) In cases the gredter issue
concerned the poditive identification from their gpeech by means of any
acoustic, temporal, perceptua etc. Approach (or combination of
goproaches), possiblein any or all Stuations. But many atimesonly a
narrow goproach isused. (3) Thereis no one single forensc modd i.e.
the forendc stuation actudly is made up of a rather large number of
conditions that may vary ether in presence or magnitude. A few of
these compilicating conditions cong <t of the possi ble non-contemporous
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agpects of goeach samples, the psychologica date (dress, fear etc.) of
thetaker, atempts a disguise, noisein the trangmisson system, interface
in adequacies within the system, system band pass and distortion,
competing goeech sgnasand so on.

Additional confuson could exist because anumber of sudies
have been reported where one or more of the above variables have been
included in the experimenta design and the datahave been argued to be
gpplicableto forensc dtuations.

The proponents of the "voice print" technique based
justification of itsuse asan invedigaivetool on two arguments First,
they contend thet their procedures would be even more accurate in red
lifegtuationsthaninthelab. That isprofessond examinerswould ()
be permitted all the time and samples they wished, (b) be more serious
about the laboratory sulbjjects (€) have a grester degree of gppropriate
training than laboratory subjects, (d) be permitted to have no opinions.

But inred lifeforendc Stuations, theimpact of problemsthet
face the examiner would be 50 profound that, in mog cases, they would
serioudy out weigh the Osgood advantage. For eg. : The evidence
presanted by two California™Voice Print" casssisreviewed.

In one, the defendant was accused of making atdephonecall.
The call wasrecorded on a 24 hour taperecorder with avery low signal -
to-noise ratio and an goparant upper frequency limit of about 2300 Hz.
goectrograms used for comparing the voices of the accused and the
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unknown caller were displayed. Due to distortion and lack of evidence,

no decision was finalized and the case ended in ahungjury.

In another case, the defendant was accused of making abomb
threat. The court found the defendant not guilty and the evidence not
reliable to this particular case dueto : (@) Mistakes and errors made in
the preparation of spectrograms used in making the identification (b)
Failure to ascertain the existence of such errors, (¢) Demonstrated
listening errors in court while under cross examination, (d) Tentative
mis-identification of the court ordered exemplar, (€) Failureto maintain

adeguate records/logs during conducting of tests.

These two casss raise the issue of how to extrgpolate from
laboratory studiesto forensic situations.  In 1973 Hazen's subjects
recelved training equivaent to that received by experimentersin voice
print identification training courses. Experimental tasksrequired subjects
to identify unknown speskers from a population of 50 known speakers,
by first eliminating all known speakersthey were certain, were not, the
unknown speaker and then attempting identification. Ten atemptswere
made where the unknown and known speech samples of the same
Foeskerswere excerpted from the same phonetic contexts and ten attempts
when they were excerpted from different contexts. Statistically
sgnificant difference in subject performance for these two contexts
indicated that even the phonetic contexts cause spectral variations and
should be considered as an important variable during voice identification.

The objections to the use of voice print techniques may be

classified into three kinds concerning the interpretation of resultsfrom
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laboratory assessment, the procedures of decision making, and most
fundamentaly the nature of information on which those decisons have
to be basad.

Quedtions have been raised as to whether visual examination
of goeech samples give more accurate results than aurd examination.,
Young and Campbdl (1967) concduded that humans can extract more
rdevant information from the unprocessed acougtic sgna than they do
from avisua representation. Also, interpretation is very subjective.

Hollien (1974) daes tha if the proponents of "voice prints'
ae successful, a subculture would devdop expresdy for thejudicial
sysdem, where certified professona examiners could testify in courts of
law. Despite the fact thet voice printing is very vulnerableto criticisms
thet it is subjective and unvaidated and its practitioners do not undergo
objective, indegpendent testing in realistic conditions, it issued is courts
in 23 daesin Americaand in Canada, Ity and Isradl.

The present level of knowledge about personal voice
characteridtics, thar recognition and how they change under different
conditionisstill rudimentary. Thisisaprerequisitefor successful voice
printing.

Experimentsin 1960s and 70s reviewed the scientific bass of
Spesker identification through use of goeach spectrogramsin connection
with legd proceedings. Experimentd results showed that error rates
ranging from 6% to 65% fase identification under various conditions
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were encountered in forensic situations. 1t was concluded that scientific
information available at that time was not adequate to provide valid

estimates of the degree of reliability of voiceidentification by elimination
of spectrograms.

They suggested some experiments required to establish this
technique on a scientific basis. The key question-"What are the odds"
What are the probabilities of correct, incorrect, or mixed identification
of aperson through spectrograms? What are the probabilities under the
particular set of conditions involved in forensic Situations. Relevant
conditions include the selection and number of persons represented by
the spectrograms examined, the methods by which voice samples were
recorded, the time and circumstances when the recordings were made
and the confidence criteria of the examiner in making the decisions.
They wanted to sse if the probabilitieswoul d qualify speech spectrograms

as admissible for evidence in court.

Tosi's and others method of analysis the generd effect of five
variables were seen. 1. Number of speskersin the known set. 2. Open
vs. closed tedts. 3. The context of speech materias (test words were
either spoken in isolation or in sentences). 4. Certain characteristics of
goeech transmission system. 5. Contemporary vs. non-contemporary

voice samples.

Identification errors are of two types : 1. Errors of fase
identification. The observer selects from the known s&t, a spesker who
IS not the person represented in unknown spectrogram. 2. Errors of false
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rgection or missed identification in open tests the obsarver wrongly
decides that the unknown spesker is nat represented in the known st

In the forensc Stuation fase identification could erroneoudy
singled out aparticular individual as one of the sugpected persons. Such
arors teke on gpecid dgnificance in tha they reae to the possible
conviction of an innocent person. Errors of fasergection on the other
hand are important in investigation because they may lead to the

elimination of aguilty person from congderation as a suspect.

Hazen (1973) conducted a sudy wherein the results of closed
VS. open tegtsin identifying the goesker in isolation words embedded in
santences were compared. Closed testsresulted in better identification
when isolated words were used. On the open tests with words from
conversations, fase identifications were sgnificantly less than fase
rgections.

Black et al. (1973) conferred on the necessary conditions
required by police department to obtain legd evidence through voice
identification not present in laboratory studies are : (@) A voice
identification traner must complete a least two years of supervised
gpprenticeship dedling with fidd cases, and possess academic training
in audiology and goeach sciences before gpplying for atest proficiency
to become aprofessona examiner, (b) A professond examiner invoice
identification mug be entitled to render five decisons &ter each
examinaions namdy : postive identification, postive elimination,

probability of identification possibility of eimination and no opinion.
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(c) A professional examiner in voice identification must be entitled to
use as much time and as many sampl es as he deams necessary to complete
an examination, (d) A professional examiner invoiceidentification must
be held responsible for the positive decisions he may reach after his

examination.

In order to ensure that these conditionsaremet inreal -life cases,
as well as to enforce a code of ethics, a non-profit International

Association of Voice Identification was incorporated in 1971.

Endress et al. (1971) studied the changes using spectrograms,
dueto age, voicedisguise and mimicking. Theresultsshowed, (a) Shift
in the frequency of formants to lower frequencies with increasing age.
(b) Spectrograms of text poken in normal and disguised voicereved ed
drong variationsin format structure, (c) Result on mimicking thevoice
of well-known people suggested that though the imitators could vary
format structure and fundamenta frequency, they were not able to adopt
these parameters to match those of imitated persons.

Hollien (1974) studied disguised voice too. He employed
positive decision criterion. The results indicted only 23.3% correct
identification. The positive decision criterion was criticized by various
investigators like Hazen (1973), Steven (1968), Y oung and Campbel|
(1967) and others. Reich, M oll and Curtis (1976) studied the effect of
selected vocal disguises on spectrographic spesker identification. Two
recordings of 40 maesweretaken with atime gap of 40 weeks. Sentences
with nine clue words were spoken in six different modes, they are -

Normal speech, old age, hoarse, hypernasal, slow rate and free style.
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Spectrograms were presanted to four examinerswho recelved
50 hours training prior to the garting of the experiment, they were nat
alowed for no opinion decision, and were asked to rate their confidence
on afive point scde. Results indicated high percentage of correct
identification when unknown and known undisguised voices were
compared, than when undisguised known voices were compared with
unknown voices disguised in any other mode.

Thefactorsthat may effect the soesker identification task are:
1) Different number of clue words used in goesker identification task.
(2) Different number of utterances (3) Different types of recording
condition of the clue words, (8) Speech samples recorded directly into
the tgpe recorder, (b) Speech samples recorded via aregular tdlephone
line, in quiet environment or in noisy environment. (4) Different context
of clue word used for goesker identification, (a) Clue word sooken in
isolation (b) Clue word spoken in fixed context (c) Words from random
context. (5) Different number of known speekers included in each
experimentd tria i.e. 10, 20 or 40 (6) Intragoesker vaiations (7)
Awareness of the examiner.  Most of these factors increase the
percentage of no opinion decison or possibilities of fdse dimination
than the possibilities of faseidentification.

Tos (1979) condudes ..." conddering all these varidblesitis
difficult to develop amethod that gives 100% correct identification. To
indst that a system of voice identification which should be resgant to
disguises, noise or other distortions for practical useis unredistic and
unfar".



2.32

Thevocal characteristics havetheir originin thetone generated
by thelarynx whichinclude pitch and intensity. Certain phonemic voicing
patterns such as duration of the voicing cue and the properties of a
particular speaker's glottal waveform, taken as a group, these
characteristics are considered to make an important contribution to the
identifiability of agpesker. Theextent of thiscontribution, however has
not been fully described. If, as has been suggested by Wolf (1972), the
fundamental frequency is the easest acoustic property to modify for
purposes of disguising the voice, it is important to know how much
speaker identification is retained when the normal inter-subject
differencesin thelaryngea fundamenta areeliminated. Inany larynged
tone, certain persona characteristics such as the shgpe of the glottal
wave form which would be largely dictated by the properties of the
individual'svocal folds could be presumed to remain. It might beinferred
thereforethat thelossof identifiability brought about by the equalization
of all glottal source characteristicswould represent the maximum degree
of confusion that would result from attempts to disguise the voice by

altering the vocal fundamentd frequency.

Hollien (1974) performed astudy on the effects of disguiseon
identification. She used 9 females and 5 malestalkers, who read a short
sentence in severa conditions like undisguised, low pitch, falsetto,
whispered and muffled voice. Inaclosedtrial, 22 examinerswho received
training participated in the test. In each trial unknown spectrogram
prepared with undisguised voi ce of each talker had to be matched against
all other talkers had of the same sex, in all voice conditions 100%
identification for undisguised voice and 5% for whispered speech were
reported.
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In order to determine if speech spectrograms can be used to
identify human beings, 2 questions must be studied: 1. Doestheformant
structure of phonemes uttered bya certain gpesker change over along
interval of time, and 2. Can the for formant structure be changed by

disguise, or isit even possible to imitate the formant structure of another

Soesker?

Spectrograms of utterances produced by 7 speskers and
recorded over periods of upto 29 years showed that the frequency position
of formants and pitch of voiced sounds shift to lower frequencies with
increasing age of test person. Speech spectrograms of texts spokenina
normal and a disguised voice revealed strong variations informant
dructure. Speech spectrogramsof utterances of well-known people have
been compared with those of imitators. The imitators succeeded in
varying the formant structure and fundamental frequency of their voices,
but they were not able to adopt these parameters to match or even be
similar to those of initiated persons. 1. Do formant center frequencies
and the mean pitch frequency of the phonemes uttered by agpeeker remain
congtant during hislife or do they depend upon hisage? 2. Do formant
center frequencies also remain congant if the voice is disguised? 3.
Does an imitator succeed in adopting his manner of spectrogram to that
of the person to beimitated so that the formant structure of his phonemes
and the curve of his speech melody are similar?

Results showed that neither the formant structures of vowels
and vowe like sounds nor the fundamenta frequencies determined from

sooken sentences are independent of age. On the contrary, it has been
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shown that with increas ng age the points of concentration of the formants
move towards lower frequencies. Moreover, the ability of controlling
the pitch frequendes begin to decresse with increasing age. Thisalows
the conclusion that human phonation may change predictably with
increesing age. Thereisapossbility of condgderably changing formant
dructure of vowes and vowd like sounds as well as the mean pitch
frequency by ddiberate disguise of the voice. The atanable degree of
uch changes varies from pearson to person. In the case of imitations,
they try to adapt, the meen pitch frequency of ther voice to that of the
person to be imitated. In generd, they do not succeed is striking the
exact frequency position.

It has been shown that the sound of the voice and the mean
pitch frequency above do not play apredominant rolein theidentification
of theimitated spesker by other people. Thefollowing characteristics
may then be of specid importance, the curve of the intonation of the
sntences, generd habitud features such as loudness, richness of voice
and goeaech dynamics, typical phrasss and construction of sentences and
diaect inwhich the text to be imitated is sooken. These features cause
the listener to assodate thisimitation with imitated person, but most of
them are difficult to define and trace in goesch oectrograms.

Farnsworth et al. (1995) took up aconsonantd classification
task to as=ss the effect of talker variability across CV and VC
environments. In addition, conditions were blocked by syllable type
(CV orVC) or conagted of mixed s#s of CV and VC syllables. Taker
variability was manipulated by presented stimuli gopoken by asingletaker
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or by many takers. The results showed that the magnitude of the effects
of talker variability was gpproximately the same when comparing
paformance acrosstadker contextsfor CVsandV Cs. Alsothetaker
variability effect was dronger under conditions where syllables were
blocked. This, provides further information about the underlying
mechanismsinvolved in processng perceptud variation in the goeach
sgnal.

Hollien et al . (1974) conducted two expaimentsin which long-
term goectrawere extracted from controlled soesch samplesin order to
sudy the effectiveness of that technique as a cue for gpeaker
identification. In the first study, power spectra were computed
sparady for groups of mae goeskers under full band and pass band
conditions, an dimensond euclidean disance technique was usad to
permit identifications. The procedure resulted in high levels of goesker
identification for large groups, especialy under thefull band conditions.
In a sscond experiment, the same gpproach was employed in order to
discover if it was resgtant to the effects of variation in goesch production
(&t least under [ab conditions). Takerswere 25 adult maes, three different
conditionswere sudied, (8) Normal soeech (b) Speech during stress(C)
Disguised gpeach. The results demondrated high level s of correct goesker
Identification for norma goeach, dightly reduced scores for goeach during
dress and markedly reduced scores for disguised goeech. It would gopear
thet the LTS can be utilized to identify individualseveninrelatively
large groups when they are oeek normally or under stress. LTS does
not gopear to be an effective technique when voice disguiseis employed.
This gpproach may have some merit for use in gpplied Stuations or as
one of the featuresin amuliple-vector gpproach.
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An invedigation led by Wolf (1972) for sdecting acoustic
paramees which help to distinguish speskers, motivated by known
relations betwean the voice sgnad and voca tract shapes and gedures
weas caried out. Only sgnificant features of sdected ssgments were
used. A smulation of a goeeker recognition system was performed by
manudly locating goeach events within utterances and using parameter
meesure data these locations to classify the speskers. Useful paramaters
were found in fundamentd frequency, features of vowe and nasd
consonant gpectra, estimation of glottal source, goectrum dope, word
duration and voice onsgt time,

These paramdasweare tested in goesker, recognition paradigms
usng smple linear classification procedures. When only 17 such
parameters were used, no errors were medke in identification from a st
of 21 adult mae gpeskers. Under the same conditions, spesker
verification error of the order of 2% were d so obtained.

Spesker recognition and verification effectiveness of a st of
92 messurmants were examined by Sambur (1973). The meesuremants
included the formant dructure of vowd s, the duration of certain soesch
events the dynamic behaviour of the formant contours, various agoects
of the pitch contour throughout an utterance, formant band widths, glotta
source "poles’ and, pole and zero locations during the production of
nasds and grident consonants Linear prediction mathods were employed
intheandyss, and aprobability of error criterion was derived to evaluate
the spesker characterizing potentials of the measurement. The
experimental gpeach datawere collected during five different recording
sessons (the vadt time gap being three and a half years between the
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origina and last recording). The measuremants that were found most
ussful were rdated to the nasdls, cartain vowe's resonances, certain
tempord atributes and average fundamentd frequency. A Soesker
Identification experiment usng only the five best measurements resulted
in only one eror in the identification of 11 gpeskers for 320 test

utterances

Coleman carried out a sudy to provide information on two
questions : (1) With what degree of accuracy can Soesker identification
be meade in the aasence of theinformation normally provided by inter-
aubject differencesin thelarynged fundamentd, (ii) How comparable
ae mde and fende goeskears unda these exparimenta condition. Twenty
norma spectrogrgph adults (10 mae, 10 femde) were taken. The sound
source used as a subditute for normal tone was aWestern Electric
Company modd with eectrolarynx which produced is Seedy buff having
afrequency of 85 Hz (+/~-3 Hz). The goesch sample condsted of words.
The samples were then paired with same or different ssamples. These
weregivento ligenersto judge assame or different. Theresultsindicated
that more than 90% correct identificationswere possible.

The indicates that sufficient individuality exists in gpeech
characterigics other than those associated with the glottal source to
upport goesker pair discriminations with dightly better than 90%
accuracy. Thisindicates that maximum reduction in spesker identification
might be expected to result from atempts to disguise the voice by
modifying thelarynged tone with lessthan 10% accuracy). This sudy
a0 saystha fema e oeskars may be expected to be more successful in
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disguising their voicesthan males. Males are said to differ more among

themsalves on the non-phonatory aspects of speech.

The effect of speaking rate and dress on the temporal and
spectral quality of vowelsin four adult male speskers was eval uated by
Stack (1993). Conversational style speech was used which, four vowels
in two target words were analyzed. The target words were produced in
two different sentence stress onditions. V owel durations were measured
and formant values were obtained at 1/4th, 1/2th and 3/4th points of the
syllables. Rapid rate tokens were consistently shorter in duration
shortening between stressed and unstressed words or vowels. Speakers
were very consstent in their overall sentence compression, but word
and vowel compression showed non-systematic individual differences.
Target under school (any deviation greater than one Bark from the stressed
normal rate condition) was found in only one spesker for thefirst formant
of one vowel. Formant movement from |/4th to the 3/4th point was not

affected by rate or dress in any spesker.

Ananthgpadmanabhaand Stevens (1991) studied the production
of sop consonants. They say that the production of stop consonants
produces severa kinds of acoustic properties :(1) The spectrum of the
initial trangent and burst indicating the size of the cavity anterior tothe
constriction. (2) Place dependent articulatory dynamics leading to
different time courses of the noise burst, onset of glottal vibrations and
formant trangitions. (3) Formant transitionsindi cating the changing vocal
tract shape from the closed positions of the stop to a more open
configuration of the following vowel. Thisstudy measured therelative
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contributions of these acoudtic properties to the classfication of the
consonantd place of articulation using asemi-automeatic procedure. The
acoudic data condsted of anumber of repetitions of voice ess unaspirated
gopsin meaningful words sooken by severd femae and mde speskers
The gpectra averaged over the Sop rdease and a the vowd onst were
used as the acoustic features. Spesker independent and vowel
independent classification was about 80% using ether the burst or vowe
onsat goectrum and acombined drategy |ed to ahigher degree of accuracy.

Blumstein and Stevens (1980) atempted to determine whether
just the onset of a synthetic C.V. syllables can provide cues to the
perception of place of articulation for voi ced sop consonants,

The results of numerous studies implied that goeskears can be
recognized provided inter-goesker variability is gregter then intra-gpesker
variability. Techniqueswhichwould facilitate thiswould improve the
reliability of goesker identification.

Su.Li et al. (1974) conducted a quantitative study of
coarticulation of nasa consonants with the vowes following them in
isolated 'th ' utterances was Sudied. The goectrd differences betwean
the mean goectraof nasd followed by front vowe's, and those of nasdls
followed by back vowes are used as the acoustic meeaure of the
coarticulation of /m/ and /n/ with the following vowd /a/. The
coarticulation betwean /n/ and hi wasfound to be only one-third of thet
batween /m/ and /v/. The coarticulated nasa spectrum particularly

between /m/ and /v/ was found to have strongly idiosyncrtic
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characterisics which are nat likely to be modified in naturd goeech. A
method was developed by which the coarticulation between /m/ and hi
wes taken as the acoudtic clue and the spesker wasidentified by useof a
corrdation decison criteria.  Coarticulation was found to give more
reliable cuesthan the nasal goectrum aone, which had earlier been found
to be one of the best acoudtic cuesfor identifying speskers

Based on a dudy by Rabiner and Wilban (1979) it was ssen
that gpesker trained i S0l ated word recognizers had notable success. The
training generdly involved asingle (or sometimes 2) repetitions of eech
word of the vocabulary of the talker. Word reference templates are then
formed directly from the replicates. In recent work, it has been found
that datistical clustering procedures provide an efficient way for
determining the sructure in multiple replications of aword by different
takers. Such techniques were used to provide aset of reference templates
bassd on dlustering results. It isshown that sgnificant improvementsin
recognition accuracy are obtained when usng templates obtained from
adudgering anadyss of multiple replications of aword by the desgnated
talker.

By Green et al. (1984), eght obsarvers were given training
for a two month period, a the end of which they could successfully
identify 50 PB words of a sngle oeeker. Generdization tasks were
carried out with different goeskers and anovel st of words. Highlevels
of accuracy wasfound inidentifying thevisual displays protocol andyss
reveled that the subjects were able to extract features from the
spectrograms that corresponded in many cases of well known acoustic
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festures (visual corrdates of criterial features) even though they were

not explicitly traned to do so.

Incong stent results have been obtained from studies in which
the effects of phonetic contexts on identification accuracy were
investigated. Kresta (1963) compared the ability of subjects to make
identifications usng single words under both isolated and contextua
goeach conditions. Error rates between these conditions differed by less
than 1 % for contextud condition. It was cond dered that phonetic context
had negligible effect on identification accuracy.

Steven et al . (1968) investigated the ability of subjectsto make
Foesker identification spectrographicaly and compared it to their ability
to make identification aurally. Using spectrograms, error raes varied
widely depending upon the conditions. They observed that the mean
error rate decreased for gpproximately 33% to 18% as the duration of
soeech sample increased from monosyllabic words to phrases and
sentences. Subjects consistently achieved lower error rates while
identifying speskers aurdly, rather than spectrographicaly. There are
a least two contextud factorsthat may decrease one'sability to makea
correct identification. 1. The shorter duration of words spoken in context
asopposed to i solation providesless acoudtic information. 2. The spectra
characterigtics of goeech samplesare dtered by the coarticulatory forces
involved in producing spectra variations that caused Krestato conceive

of afilecard system.

By filing the gpectrograms of two sgparate utterances of cartain
cuewords for known speskers, it was hoped that the effects of contextua
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variation could be minimized. The two specific spectrograms of eech
word chosen for filing could be the two on hand that arejudged visually
to be mogt dissmilar. Supposadly, this would afford an examiner an
Indication of agpeskers expected range of contextudly caused variability
for selected words. Kresta (1963) concluded thet 4 or 5 samples of the
same word would be sufficient to ga afairly good indication of a

goesker's range of variability.

This spectrogram filing system was also concelved as a
population reduction method that, when usad in conjunction with a
goesker classfication system, might serve to reduce a large Soesker
population to asmal number of "sugpects’. Theaimwould then beto
obtain additional goeech samples from the sugpect speskers prior to
making further identification decisons.

Becausethe ability of thisfiling system to meet theseamshas
not been tested, the present Sudy was designed.  Its purpose were to
determine whether the system could. 1. Minimize the effects of
contextualy caused soectrd variation. 2. Serve as an effective aobsolute
identificationtool. 3. Sarve as an effective population reduction tool .

Subjectsreceaived training to identify unknown goeskersfrom
apopulation of 50 known speekersby first excluding all known soeskers
they were certain of, and then attempting absolute identification or
dimination. Attempts were mede under five experimenta conditions
created by combining two variables, phonetic context and inclusion of
the unknown gpesker in the known speeker population. The data how
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that the system tested does not effectively reduce the effects of contextual
variation, and cannot be used for either absoluteidentification/elimination
or popul ation reduction. The datasuggessthat the val ue of spectrograms
for spesker identification purposes is limited to use as a investigative
aid and then only if gpeech samples are of similar context and adequate

duration are compared.

The ability toidentify talkers fromm monosyllables spokenin a
context was examined. Kresta's (1963) method of visually comparing
spectrograms was employed. Ten observers were trained to identify
five talkers from spectrograms of two words spoken in isolation. The
experimental task required the observer to identify the some talkers from
the same words spoken in different contexts. The correct rates for the
training task (78.4%) could not be reproducing in the experimenta task
(87.3%). The results were interpreted to indicate that different contexts
decrease the identification ability of observersbecause : (a) The shorter
stimulus duration of words in context decreases the amount of acoustic
information available for matching, and (b) The different spectrographic
portrayasintroduced by different phonetic contexts outweigh any intra-
talker consstency.

Santon (1992) studied and gave a description of contextual
factors affecting duration. Two natural speech data bases produced by
male and femae speskers were analysed. Largequantity of data (50,000
manually measured segmental duration) meade it possible to performa
detailed analyses of the effects of severa contextua factors, including
lexical dress, word accent, theidentities of adjacent ssgments, the syllabic
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dructure of aword and proximity to a syntactic boundary. Among the
key results were the following :(1) The contextua actors accounted for
upto 90% of the variance, and reduced withinvowel ssandard deviation
by afactor of 3. (2) Therewere complex interactions between factorsin
particular between boundary proximity and post vocalic consonant
identity and between | exical stressand syllabicword structure. (3) The
effects of adjacent segments were reducibl e to the effects of voicing and
manner of production, effects of place of articulation were negligible.
(4) Proximity to aboundary should be measured in terms of syllabicand

segmentd position, not in terms of the sum of the intrinsic duration of

ssgments between the target and the boundary.

Klatt (1974) used broad band spectrograms and the sonorant
consonants /w, r, |, y/ observed in five sentences, which were read and
recorded on two separate occasions by 7 speskers. Formant frequency
motions in sentence contents have been compared with data in the
literature on sonorants in citation form utterances. Results indicate that
in stressed syllables, prevocalic and post vocalic allophonesaresimilar
in formant target vauesto corresponding citation form data, though initial
alophones have somewhat less extreme formant targets than previous
datawouldimply. Inunstressed syllables, sonorant ssgmentswere shorter
in duration and displayed significant coarticulation in the form of
substantial formant target undershoot. Several phonological recording
rules influence the acoustic realization of sonorant ssgmentsin consonant
cluster sequences. Speaker differencesin theimplementation of optional

word boundary and junctural cuesa so have an effect on sonorant clusters.
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Zue (1979) in order to assess the role of syntactic, semantic
and discourse knowledge in specgrogram reading recorded three short
stories and gpeech spectrograms were made of the individual sentences
of eech story. The stories were presented one at a time to an expert
spectrographic reader who is instructed to read each word story word-
by-word without writing down segment labels. Thereweretotally 370
words and 612 (91%) were correctly identified. Further analysisrevea
that many common syllableswere immediately recognized ascomplete
patterns (eg. "ment”, "tion") and the use of content to recognize words

from partia information was evident in many cases.

Thus the review of literature shows that there are three mgor
variables related to (1) Speaker (2) Transmission and recording (3)
Procedures used in analysis and identification. Among the variables
related to spesker, the temporal and spectral aspect of speech has been
found to be an important variable. This varies within subject i.e., on
repeated utterances show avariability) and across the subjects. Further,
it has been found that mgjority of the workers in the field of spesker
identification have used word duration, vowel duration, burst duration,
closure duration, voice onset time, fundamental frequency, intensity,
formant frequencies, transition formants, etc. for the purpose of speaker

identification.

Therefore, it wasfet that it woul d be useful to determining the
physical charactreristics of individuals through perceptual judgements
of their speech samples.



METHODOLOGY

The present investigation was aimed at determining the physical
characteristics of individuals through perceptua judgement of their
goeech samples.

It was proposed to find out whether it would be possible to
determine the physical characteristics based on the speech samples of

an individual.

Thephysical characteristicsconsidered were:

OAQge,

2) Sex,

3) Height and
4) Weight.

To find out whether it would be possible to identify the physical
appearance (photograph) based on the speech samplei.e. identifying the
photographs based on asubject’'s speech sample. Thiswas proposed, as
one generally gets amental picture of a speeker, when he is heard (not

seen).

Subjects :

Ten male subjects an ten femal e subjectsin the agerange of 18

years-45 yearswererandomly selected for the study. Two subjectswere
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taken in the range 18-20 years as well as 40-45 years while 3 subjects
each were taken within the agerange of 20-30 yearsand 30-40years. In
this way, it was ensured that the subjects were well distributed within
the age range proposed.

Themain criteriafor the selection of the subjectswasthat al |
subjects had to have normal, speech, voice and language and coul d read
English fluently.

Test Material: Thefirst paragraph of the characterized reading material
"The Rainbow Passage' was used as the test material.

PROCEDURE:PARTI

The subjects were told about the aim and purpose of the study
following which they were allowed atrial which consisted of silent
reading of the Rainbow Passage. They were madeto read the paragraph
at adistance of 6 cm from the mini recorder (Panasonic), with aninbuilt

microphone that was used for therecording which had high fidelity.

A photograph was taken of each of the subjectsfrom adistance
of approximately 15 meters with the subjects standing against aplain
background, using an olympus autofocus camera. The film was developed

to obtain afull length colour (15 cm x 10 cm) photograph of each subject.

Forty judges were sdlected for the perceptua judgement of
goeech samples. Thejudgesweredividedinto 3 categories:
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a) Experiencad : Ten mde and ten femde sudents (in the age range of
18 years - 22 years) of the goesch and hearing field.

b) Inexpaiencad : Five mde and fivefemde subjects (in the agerange
of 18 years -50 years) who had no knowledge of speech and hearing.,

c) Untrained : Five mde and fivefemde (aged 17 years) sudents
partidly exposed to thefield of Soesch and Hearing (1 B. Sc, sudents).

Thejudges were told about the aim and purpose of the sudy
and were then medein carry out two tasks:

1) They were seeted in aquite room and medeto lisento the
goeach samples of the subjects from adisance of goproximatey 2 meres
from the Phillips tgpe recorder.

The ingtructions given were - "Please listen to the goeech
sample carefully and write down the age, sex, height and weight of the
individua whichyou fed asbdonging to that sujject in the et given”.

2) Photograph of all the subjects with number lags on them
were placed before thejudges at adistance of 1 metre. Thejudgeswere
ingructed to listen to each of the goeech samples carefully and judgethe
number of the subject each goeach sample belonged to.

The age, height and weight as provided by the judges were
correlated with the actua vaues of age, height and weight of the
individuals. Also, the photographs as marked by the judges were
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corrdated with the actud photogrgphs of the sulbjjects and presented as

results and discussons.

PART Il

Objective andyss usng Vaghmi software was done to find
the mean fundamentd frequency (Mean Fo) and the range of Fo of each
goesch sample of all the ubjects

The gpeech sample was recorded for analysis usng SSL
software and analysis of the gpeech sample for mean values of
fundamentd frequency and range of fundamentd frequency was done,
uang 'Vaghmi' softwre

Each goeach sample was divided into two, lasting for 20 seconds
each, for the purpose of andyss. For maesthe frquency range seected
was 0-200 Hz and for femdes, the frequency range sdlected was 100
400 Hz.

Insruments used for recording and andyss of the speech

sampleswere :

1. Sony Stereo Cassatte Deck TC-FX 170.
2. SIU-C& R - Voice and Speech Systems, Speech intarface unit.
3. Philips 200B compuiter.



35

Tape Speech = | Computer {—=—| Display

recorder interface unit

Block diagram of the arrangements of instruments used for analysis.

Histograms were obtained for each speech samples a few of

which are enclosed.
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RESULTSAND DISCUSSON

The present study was aimed at determining the physical
characteristics of individual based on the perceptual judgement of their

soeech samples.

It was seen whether it would be possible to -

()determine the physical characteristics (being age, sex, height and
weight) of anindividual based on his speech sample.

(b) toidentify the physical gppearance (photograph) based on the speech

sample.

The speech samples of twenty subjects werejudged in terms
of age, sex, height and weights by three sets of judges (i) Experienced
(i1) Inexperienced and (iii) untrained. The details of the methodology
are as described in the previous chapter.

The age, sex, height and weight asjudged by thethree different

groups of judges are as given below :

1. Age: Themode of the values of age asdescribed by thejudges(40in
all )isasgiveninTable 1.
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Table-1: Modes of the ages asjudged by the three groups of judges
based on speech samples.

Sl.No. Actua age Experienced | Inexperienced Untrained
1 39 38 30 36
2. 19 20 25 22
3. 41 40 45 43
4. 40 40 45 42
5. 45 44 35 40
6. 20 20 26 25
7. 24 25 32 28
8. 36 35 39 37
9. 25 25 20 30
10 20 22 25 26
11. 44 45 35 48
12. 26 25 25 27
13. 19 20 20 22
14. 23 24 28 26
15. 20 21 25 24
16. 20 20 28 26
17. 34 33 28 30
18. 43 45 45 42
19. 41 43 38 44
20. 28 30 26 34

Asit can be seenfrom Table 1, the experienced group of judges
(comprising of 10 male and 10 female students in the age range of 18-22
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years, both undergraduate and postgraduate students of the speech and
hearing field) could judge the age within +/- 2 years of actual age.

Thejudgement of naive group of judges (comprising of 5males
and 5 femaesin the agerange 18 years- 50 years, who had no knowledge
of speech and hearing whatsoever) were not as good as that of the
experienced groups judgment. They could identify theageswithin +/-
10 years of the actual age.

The untrained group of judges (comprising of 5 male and 5
femae students, aged 17 years, who were partially exposed to the field
of gpeech and hearing coul d judge the speech sampl es better than thet of
the naive group of judges. They could judge the age of the subjects
within +/- 6 years of their actual ages.

Thus the hypothesis that physical characteristics namely age
of the speaker can be estimated accurately by the listeners based on
goeech samples of the individual is partly accepted & partly rejected.
And the hypothesis stating that estimation of physical characteristics
thet is age, by thejudges,are not related to their trai niing or background
isrgected asthejudgeswith different level sof training have performed
differently.

The physical characteristic feature of sex of the gpeskers was
judged correctly by all the three groups of judged based on the speech

samples.
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Thusthe hypothes sgating that physical characteristicsnamely
the sex of the peakers can be estimated accurately by thelistenersbased
on the speech samples of the individual speskersis accepted. And the
hypothesis stating that estimation of physical characteristic i.e. sex by
thejudges are not related to thelr training or background, isaccepted, as
ajudges with different levels of training have performed equally well.

Heght

The mode of the values of height asjudged by thethree groups

of judgesisasgiveninTable 2.

SI.No. | Actua age |Experienced Inexperienced |Untrained
1 54 55 50 5.6
2. 52 50 55 5.8
3. 52 5.6 58 55
4. 50 510 5.6 54
5. 52 4.10 6.0 5.8
6. 50 411 53 57
7. 6.1 58 55 6.0
8. 411 53 5.8 55
0. 54 54 51 55
10 51 58 5.6 57
11. 59 55 55 5.7
12. 510 6.0 6.0 58
13. 59 55 58 57
14. 54 4.9 57 5.6
15. 50 5.6 55 53
16. 5.6 53 59 59
17. 6.1 58 5.10 58
18. 58 6.0 5.6 6.0
19. 5.8 6.0 6.0 5.10
20. 511 59 58 6.0

Table-2: Modes of the values of height (in ft) asjudged by the three
groups of judges based on goeech samples.
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As can be seen from Table-2, the perceptua judgement of te
height of the subjects, based on their soeech sasmplewasvery poor. There
was no relation between the judged height and the actua values of the
subject's height.

Thusthe hypothesi s stating that physical characteristicsnamely
the height of the spegkers can be estimated accurately by the listeners
based on the speech samples of theindividual speskersisrgected. And
the hypothesi s sating that estimation of physical characterigtici.e. height
by thejudges are not related to their training or background, isaccepted,
as ajudgeswith different level sof training have performed equally poor.

Weight: The mode of the values of weight asjudged by thethree groups
of judges, isasshownin Table 3.

SI.No. |Actual age |experienced |nexperienced [Untrained
1 54 65 45 40
2 57 60 45 55
3 58 60 50 50
4, 51 50 58 45
) 58 56 45 60
6. 62 65 60 64
[/ 60 60 55 55
8 52 45 58 48
9. 62 65 58 68
10 47 45 45 38
1L 65 70 60 70
12 64 60 60 55
13, 55 53 63 45
14, 58 54 64 45
15, 48 46 45 55
16. 53 45 65 53
17, 62 43 65 65
18 68 63 51 55
19 68 62 69 72
20, 62 60 60 65

Table-3: Modes of the vaues of weight (in Kgs) asjudged by thethree
groups of judges based on the gpeech samples.
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As can be seen from Table 3, the perceptual judgement of the
weight of the subjects, based on their speech sample, was very poor.
There was no rel ation between the judged weight and the actual values
of the subjects weight.

Thusthe hypothesisstating that physical characteristicsnamely
the weight of the gpeakers can be estimated accurately by the listeners
based on the speech samples of theindividual speskersisrgected. And
the hypothes s stating that estimation of physical characteristici.e. weight
by thejudgesare not rel ated to their training or background, isaccepted,
as ajudges with different level sof training have performed equally poor.

Variation in fundamental frequency with respect to the physcal
characterigics.

Age: In the present Sudy, the average of the mean speaking fundamenta

frequencies for the different age groups are given as below:

Age group Average of the mean SFF
18-20years 152.72
20-30 years 177.03
30-40 years 168.34
40-45 years 157.25

Table-4: Average of the mean speaking fundamentd frequenciesfor the
different age groups of subjects.
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From Table 4, it is evident that there is no direct correlation
between the speaking fundamental frequencies and the age of the
subjects.

Thusthe hypothesi s stating thet physical characteristicsnamely
age of speaker is not related to mean fundamenta frequency of speech
of the individual spesker, has been accpted as there was relationship
between age and mean fundamenta frequency of speechmeasured. This
may be because of narrow age range of the subjects and the limited
number of subjects used in each age range.

According to Graddol and Swann (1983), the limits dictated
by physical characteristics of thelarynx may not in practice, bethemain
determining factors of the Fo range used in normal speaking. Fairbanks
(1942) noted that during the first five months of infancy, the mean Fo of
crying rose by one octave, although this period is associated with rapid
laryngeal growth. Thisseemsto imply that theinfants mean Fo was not
primarily determined by laryngeal dimension but possibly by the tension
on the laryngeal musculature which might be supposed to beincreasing
a this time, as a result of rapid neuromuscular development. These
results, which show that even asmall larynx is cgpable of ahuge range
or frequency of vocal fold vibration, and that the effect of muscular
tenson may be more importance than the effect of vocal fold thickness
and length. Hence, if the human vocal gpparatus is capable of such a
large range, than why do we not find wider SFF rangesin adult speskers,
One reason could be that the vocal anatomy of aninfantisdissimilarin

various ways to that of an adult and it may be that a fully developed
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musculature impose gregter condraints on SFF than do the infants
immature sructures (Graddol and Swann, 1983).

Natargaand Kusha Rg (1982) report thet in spite of lack of
much difference in teems of fundamenta frequency and vocal tract
resonance, itisstill possble to identify the age. Hence, from the presant
sudy adso it could be that, though there is no direct inferred one to one
correlation between the average spesking fundamentd frequency and
the increase in ages of the subjects, the age could be detected
beyond chancelevel.

Sex:

The average of the meen gpeeking Fo and range for both the

mae and femde goeskers was caculated; the vaues are as given in
Tableb.

Sex Aveage of meen SFF Range

Mae 116.56 97.44
Femde 20231 22982

Table-5: The average of the mean speaking fundamentd frequency and
range for mae and femde speskers.

From table 5, it can be seen that the average speaking
fundamenta frequency follows an increasing trend from maes to
femdes asdso therange.
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Thus the hypothesis gating that the physical characterigtic
namdy,sex of the spesker is not related to the mean fundamenta
frequency of goeach of theindividua goesker hasbeen rgected asthere
was ard ationship between sex and the mean fundamentd frequency of
the goeach meaaured.

Variousrezsarchers have lent view points regarding important

cuesfor spesker s=x identification.

Shwartz (1968) and Ingedman (1968) employed isolated
voiceess fricatives as auditory stimuli and found thet listeners could
accuratdy identify goesker's sex from these stimuli, especidly /h/ and/
f/, ance thelarynged fundamenta (Fo) wasnot availableto theligteners
because of the voiceless condition of the consonants These findings
indicate that accurate sex identification is possble from voca tract
resonance information done and therefore, that formants are important
usesfor goesker = identification.

Further support from this conclus on has come from sudie by
Shwartz and Rine (1968) and Coleman (1971). Inthe Shwartz and Rine
(1968) dudy, the ability of listeners to identify goesker sex from two
whigpered vowds|\J and /&l wasinvestigated. They found 100 percent
correct identification for /a/ and 95 percent correct identification for /i /
despite the aosence of thelarynged fundamentd. In Coleman's (1971)
dudy on mae and femde voice quaity and itsrelationship to vowe
formant frequendes/ i/, /u/ and /al prose passage was employed to explore
listeners ability to identify the sex of the pesker. All stimuli were
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produced a the same voca fundamentd frequency (85 Hz) by means of
an dectrolarynx. Coleman (1971) discovered that ligenerswere cgpable
of accurately recognizing the sex of the gpesker, even when the
fundamentd frequency remained condtant for all goeekers.

Lasset al. (1976) compared accuracy of ability to identify sex
of the goeskers from voiced, whispered and 225 Hz low pess filtered
isolated vowels. They found that listeners accuracy was gregtest for the
voice stimuli and followed by the filtered stimuli and least accurate for
the voicdessvowd s, ancethelow passfiltered vowe s goparently had
no formant information, they concluded that the larynged fundamenta
was a more important acoustic cue for goeeker = identification then
the gpeekers vocd tract resonance characterigtics,

Hence, from the above gudies, it is evident that a Joesker’s
X isone of the characteridics that iseasily determined, basad on his

Soeech.

Heght and Weight

There was no relation seen between the height and weight of
the individua and the speaking fundamentd frequencies, in this Sudy.

Thus the hypothess gating that the physical characteristic
namdy height of the soesker is naot rdated to the mean fundamenta
frequency of goeach of theindividual goesker has been acogpted asthere
was no relationship between the height and the meen fundamentd
frequency of goeach meeaured. Thismay be because of the narrow range
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of the subjects and the limited number of suljects usad in eech age
range.

Thus the hypotheds gating thet the physical characterigtic
namely weight of the gpesker is not related to mean fundamentd
frequency of goesch of theindividua goesker has been accepted, asthere
was no relationship between the weight and the mean fundamenta
frequency of goeech measured. This may be because of the narrow
range of the suljjects and the limited number of subjects used in eech

gerange.

There have been some empirica dudies of the relationship
between body build and SFF of spesking voice. An examination of the
results of these dudies shows that there is goparently no statistically
sgnificant correation between height, weight and meeaures such as
"body surface ared’ and meen SFF (Lassand Brown, 1978).

Lower and Trudgill (1979) argued thet listenerswere able, to
meke accurate edimates of goegkers physical characteristics by listening
to thar voices. The reaults of the corrdationa experiments sugged,
though, thet if this is the case then fundamentd frequency is nat the
dient cue. Seveard dudies carried by Lass with various assodates,
usng avariety of soesch conditions and different methods of estimating
height and weight. Although none of these studies has isolated
fundamentd frequency as a cue, the claim throughout is that listeners
can indead identify weight and height for both femae and mae goeekars
with better than chance accuracy (Graddol and Smith, 1979).
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The available evidence, therefore, does ssam to support elther
the claim that spesker helght and weight (as meeaures of body built) are
assodated with pitch leve nor the assodated claim that hearers can
accuraely estimate the height and weight of goegkersfrom voca cues.

Judgament of the goeekea’s physcal characteridics based on his
Foesch and with the hdp of phatographs

The aubjects photogrgphs were eech numbered with atag and
placed before the judges. They were asked to judge the physica
characterigtics of the gpesker (Whose sample they heard through the tgpe
recorder) by identifying the photogrgph that belonged to the soeech
samplethey heard. Thiswasdonefor all the 20 subjects Joeech samples,
by all the three groups of judges.

The numbers that the judges indicated were corrdated with
the actud photogrgph of the Soesker of that particular speech sample,

It was seen that though some of the photographs were identified
correctly, thejudgesidentified one or the other goesker who belonged to
the same sex and b onging to the same age group.

Thefollowing table shows the judges correct responssswith
regpect to both maes and femdes
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Judges () CR (@ CR @3 CR

30% 45% 15%

1 40% 45% 20%
10% 0% 5%
25% 30% 15%

2 45% 35% 25%
20% 5% 10%
20% 15% 20%

3 40% 30% 40%
20% 15% 20%
35% 25% 20%

4 60% 35% 30%
25% 10% 10%
20% 10% 15%

5 55% 20% 35%
35% 10% 20%
15% 15% 20%

6 20% 20% 25%
5% 5% 5%0
25% 30% 5%

7 30% 40% 20%
o 10% 15%
30% 20% 5%

8 35% 25% 20%
5% 5% 15%
40%' 35% 20%

9 55% 35% 40%
15% 0% 20%
45% 15% 40%

10 50% 30% 45%

5%

15%

5%




4.14

Judges M CR (@ CR (3 CR
M 16%

11 40%
F 30%
Mo 15%

12 35%
F o 20%
M 40%

13 45%
F 5%
M 30%

14 40%
Fo 0%
Mo 40%

15 55%
F o 20%
M 20%

16 46%
F 30%
M 5%

17 35%
F 30%
M 30%

18 45%
F o 15%
M 35%

19 45%
Fo 1%
M 5%

20 30%
F o 25%

(H-Experienced (20in al); (2) - Inexperienced (10),
(3) Untrained (10).

Table-6: Correct regponsss of judges with respect to both mdes and
femdes.
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From table 6, it can be seen that the correct responses of the
judges with respect to the photographs does not follow any particular

trend.
Overall correct percentage of correct responses by the three
groups of judges:
Experienced 42.25%
Inexperienced 31.05%
Untrained 30%

The percentage of correct response with respect to both males
and femades are given. From the table, it is evident that the percentage
of correct responses for males is better than the percentage correct
regponse score for femaes. Thus, it could be inferred that the mae
voice offersmore cuesto theidentification of the photograph as compared
to the female voice or speech.

When asked as to what helped them pick out a photograph
after listening to a gpeech sample, the judges said that they generally
looked for the age and sex characteridtics, thefactors of height and weight
were not predominant or their minds, though aheavy st individual could

be judged to have a degp voice (or alow mean speaking fundamental
frequency).

Thus the hypothesis stating that physique of speaker i.e.
photograph can beidentified correctly by the listeners based on the speech
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samples of the individual spesker is rgected. Further the hypothesis
stating that theidentification of phys que (photograph) by thejudgesare
not related to thelr training or background is accepted,as the judges of
all the 3 groups have performed equally.

Thus the results of the present study indicate that
1. Itispossible to identify the age and sex of the gpeakers based ontheir
Spoeech samplesfairly accurately (40-60%).

2. The background or the training of the judges seams to influence the
judgementsi.e., the experienced judged were abletoidentify the age

more accurately than the inexperienced and untrained judges.

3. The estimation of the height and weight of the gpeakers based on
their gpeech samples were poor by all the three groups of judges.
This may be because of the lack of proper concept of measures of
height and weight among thejudges, that is ,generally the Indian
population does not refer to or use the measures of their height and
weight in their day to day activities like the western popul ation
does. Even anindividual may not bein aposition to providehisor
her weight and height accurately. Therefore the judgement of the
height and weight based on speech samples by these judges might
have been poor.

4. The results of identification of the photographs based on the speech
samples by the three groups of judges have been not goodi..e., beyond
chance factor (50%0). However, thejudgement by the trained judges
has been better that is, the correct identification has been 40% to
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60%. Thusit may be possbleto train the person to carry out correct
Identification. Further the poor identification by judges may be
because of narow range of fundamenta frequency and dso the age
range of the subjects. Thusit may be conduded thet theidentification
of the photogrgphs based on goesch samples by the judges has been
poor or not beyond the chancefactor. Thiswarrantsfurther sudiesin
thisdirection.

Thusthe objectives of the dudy to examine the possibilities of
estimating the age, sex, height, weight and identifying the photogrgphs
by the experienced,inexperienced & untrained and judges have been
achieved. The results of the present study has established the
methodology thet can be used in such sudies and aso provided some
direction in the area of spesker identification. The dudy has aso
warranted need for further dudiesin this area



SUMMARY AND CONCLUSION

The present dudy was amed a determining the physical
characterigtics of individual s bassd on the perceptua judgement of their
Soeech samples.

It was ssen whether it would be possible

a) to determine the physical characteridtics (being age, sex, height and
weight) of anindividua basad on his gpesch sample.

b) to identify the physical gopearance (photogrgph) based on the oeaech
sample

The goeach samples (12 paragraph of the Rainbow passage) of
twenty sulyjects (in the age range of 18-45 years) was recorded. A full
length colour photograph of each of them was a so taken.

Three groups of judgeswere sdlected a random to identify the
physica characterigics of age, sex, haght and weight by listening to the
goeech samples.  The judges were divided into three categories :
experienced group, that comprised of undergraduate and posigraduete
dudents of gpeech and hearing, inexperienced or naive group theat
comprised of drangers who were not exposed to the fidd of goeech and
hearing, and the untrained group of sudents, that comprised of | B. Sc,
dudents of goeach and hearing.
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Instrumentally, the mean speaking fundamenta frequency and
range was €licited using the Vaghmi software.

In the second part of the study, the judges had to identify a
photograph after listening to the speech samples of the subjects.

Results indicated that, of all the four physical characteristics,
the characteristic of sex was identified the best. Al thejudges could
identify the sex of the spesker accurately.

With respect to age, the experienced group could judgetheage
within +/- 2 years of the actual age.

The inexperienced or the naive group of judgescould identify
the ages within +/-10 years of the actual age and the untrained group of
judges could judge the age of the subjects within +/-6 years of their
actua ages.

With respect to height and weight, it was seen that thejudges
perceptua judgement, based on speech samples was very poor. There
was no rel ation between thejudged height and weight to the actual values
of height and weight of the spegker.

With respect to the speaking fundamenta frequency and the
physical characteristics, it was seen that there was no correl ation between
the speaking fundamentd frequencies and the age of the subjects, whereas

the mean speaking fundamenta frequency and range followed an
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Increesing trend from maesto femaes Regarding the height and weight,
the results were smilar to that of age there was no correation ssen

between the height and weight of the individual and the speeking

fundamenta frequencies.

With respect to photogrgphs, it was ssen that though some of
the photograph wereidentified correctly, thejudgesidentified one or the
other goesker who belonged to the same sex, same age group. Further it
was seen that the percentage of correct regoonses for maes was better
than that of femadesindicating that md e goeekers offered more number
of cuesthan femdes, that aded identification. Hiejudges reported thet
they genardly looked for age and sex characteridtics, the factors of haight
and weight were not predominant or their minds, though a heavy st
individual could bejudged to have adesgp voice (or havealow mean
goeeking fundamentd frequency).

The sudy thus throws light on the more easily identifiable
physica characteristics of a spesker that could bejudged bassd onthe

goeech samples of speskers
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