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INTRODUCTION 

We had not dreamed these things were so 

of sorrow a n d of m i r th . 

Her speech is as a thousand eyes, 

through w h i c h we see the ear th 

God wave a web of lovel iness 

o f c louds a n d stars and b i rds , 

Bu t made not anyth ing at a l l 

so beaut i fu l as words. 

They are as fair as bloom or a ir , 

They sh ine l ike any star, 

Am I r i c h who learned from her 

how beaut i fu l they are. 

- A n n a Hempstead B r a n c h , 

He r words. 

The heritage of the present day student of speech is an ancient and 

honourable one, for the s tudy of speech is one of the oldest of academic 

d isc ip l ines . I t is 2500 years s ince Aristot le, bu t 2 5 0 0 years before Aristot le 

the s tudy of speech occupied a place of interest in h u m a n affairs. The last 

few decades, however, have seen var ious other contr ibut ions to our 

unders tand ing of speech. It may be sa id that more progress has been made 

in the past 50 years than was made in a l l the prev ious centur ies . . 

The role of voice in speech is obvious. The major i ty of phonemes are 

voiced, i n c l u d i n g a l l vowels, semi vowels and nasa l s . Mos t o f the rema in ing 

consonants made up of voiced, unvo iced pa i rs , m a k i n g the total phonemes set 

predominant ly voiced. In add i t ion vo ic ing carr ies the r h y t h m and melody of 

speech. These are patterns of p i t ch , l oudness a n d d u r a t i o n that tie together 



syl lables, phrases and sentences. In 1940's a new field arouse where in a lot 

of attention was focussed on the process of voice identi f icat ion. Th i s 

dissertat ion deals ma in l y w i th the above ment ioned topic. 

In 1944, Gray and Kopp f ound that spectrograms could be used for 

speaker identi f icat ion. Spectrogram portrays ta lker dependent features, in 

addi t ion to phonet ic var ia t i ons .Kres ta (1962) re-examined " vo i ce p r in ts " a n d 

stated that voice spectrograms c o u l d provide rel iable means of ident i f icat ion 

other investigators tried to dup l i ca te these favourable resul ts , but w i th h igher 

error rates than Kresta 's (Stevens et al 1968; Tos i 1967, 1968). They 

concluded that " Kresta 's method showed promise " and suggested the need 

for further s tudy. 

Speaker recognit ion can be carr ied out by many means of. 

a) A u r a l examinat ion of voices, 

b) V i s u a l examinat i on of spectrograms. 

c) W i th the help of computers . 

The in i t i a l two methods are cons idered as subjective methods a n d the 

lost is considered as an objective method . Subjective methods are those 

wherein the t ra ined personnel m a k e s the dec is ion as to whether the voice 

belongs to the talker. After eva luat ion of laboratory condi t ions and field 

condit ions, (Tosi et al and Nash) h a d d r a w n the conc lus ion that a combined 

method o f au ra l a n d v i sua l examina t i on o f speech samples can be used in the 

investigation of a cr ime (provided cer ta in s tandards are maintained) . Th i s 

method was ca l led as " Voice p r in t ing " . 

Objective methods of voice ident i f icat ion are those in wh i ch the 

decis ion as to whether or not an u n k n o w n voice belongs to the some ta lker is 

2 
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produced by a mach ine (computer). U n t i l recently, only subjective methods of 

voice ident i f icat ion and e l iminat ion have been used as evidence in courts of 

law. Though not a l l courts accept th is method as proof enough for ind ic t ion . 

Wolf (1972) says " for mechan i ca l recognit ion of speakers it is desirable 

to use acoust ic parameters that are c losely related to voice character ist ics 

that d i s t ingu i sh speakers" Wolf (1972) in h i s s tudy found that, there is 

k n o w n relat ion between voice s i gna l a n d voca l tract shapes and gestures. 

Parameters w h i c h were found to be use fu l in speaker identi f ication were 

fundamenta l frequency, features o f vowel and nasa l consonant spec t rum, 

word dura t i on a n d voice onset t ime. W h e n s u c h parameters were used no 

errors were made in voice ident i f icat ion. 

The area of speaker recognit ion c a n be d iv ided into a large numbe r of 

sub areas depending on the fol lowing factors. 

1) Nature of the task, 2) Nature of parameter used , 3) Phonet ic context 

4) Populat ion , 5) Recognit ion rate obta ined etc. 

Nature of the task can be classi f ied as : 

1) Veri f icat ion task. , 2) Identif ication task . 

Majority of these studies are based on efficiency of v i s u a l examinat ion 

of spectrogram for speaker ident i f icat ion a n d veri f icat ion d id not determine 

the importance of specific acoust ic features (Mani Rao a n d Agrawal, 1984). 

M a n i Rao and Agrawal (1984) in the ir s tudy made an attempt to f ind the 

relative impor tance o f acoust ic features, w h i c h can be used in ma t ch ing 

spectrograms. M a n i Rao and Agrawa l (1984) report that correct veri f icat ion 

was possible by verifying the spectrograms to about 8 5 % when the speakers 
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were male and 7 2 % when they were female. Feature by feature compar is ion 

analys is , revealed that the acoust ic features for correct veri f icat ion is different 

than those for correct e l iminat ion . Very few s tud ies have been done on the 

area of " voice ident i f icat ion" on the Indian popu la t i on . 

The present s tudy was a imed to f ind out the parameters wh i ch affect or 

influence voice ident i f icat ion in norma ls and to ga in a better perspective of the 

entire process of voice ident i f icat ion. 

Hypothesis: 

1) A l l features obtained from a speaker r ema in constant and are equally 

important. 

2) Parameters obta ined by ana lys i s do not differ from person to person. 

Limitations: 

1. This s tudy was conducted on a l imited popu la t i on of subjects only. 

2. Only male subjects were considered. 

3. Subjects between age range of 20 - 30 years only were considered 

4. The recordings were done unde r laboratory s i tua t i on . 

5. Recordings over a long per iod of t ime were not cons idered . 

Implications: 

The s tudy w i l l a i d in select ing the parameters for the process of voice 

identi f ication. 



C H A P T E R - II 

R E V I E W O F L I T E R A T U R E 

"Coomunica t i on has long been recognized as one of the most 

fundamental component of h u m a n behav iour" . (Peterson, 1958). 

The abi l i ty of the h u m a n beings to use their voca l appara tus w i th other 

organs to express their feelings, descr ibe an event and to establ ish 

communicat ion is un ique to them. It took mi l l i ons of years for h u m a n beings 

to develop this faculty. The onset of the h u m a n era is recognized to have 

started wi th the acqu is i t i on of the abi l i ty to communica t e us ing the vocal 

apparatus for soc ia l interact ion. No n o r m a l person has fai led to develop this 

faculty and no other species is k n o w n to have developed th is abi l i ty. 

Speech is a form of language that cons is ts of s o u n d produced by 

ut i l i z ing the flow of a i r from the lungs . The act of speak ing is a special ized 

way of us ing the voca l mechan i sm . Speech once acqu i red becomes a constant 

companion to a h u m a n being. H u m a n cu l ture and ingenui ty are based on the 

abi l i ty o f the h u m a n beings to use symbol i c language a n d thus estab l ish 

communicat ion . 

Speech is easi ly p roduced by the h u m a n beings. The range of 

possible var iat ions of speech are immense , i t c an be var i ed from soft whisper 

to a l oud shout, on one h a n d the s implest form of im i ta t i on to the highest 

level of s inging. 
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"The act of speaking is a very special ized way of us ing the voca l 

mechan i sm. The act of s ing ing is even more so. Speak ing or s inging d e m a n d 

a combinat ion or interact ion of the mechan i sm of respirat ion, f ounta in , 

resonance and speech ar t i cu la t ion" , (Boone, 1972). 

The under l y ing bas is of speech is voice. The importance of voice in 

speech is very we l l depicted when one cons iders the cases of laryngectomy or 

even voice d isorders . 

"Voice p lays the m u s i c a l accompan iment to speech, render ing i t 

tuneful , p leas ing, audib le and coherent, a n d is an essent ial feature of efficient 

communica t i on by the spoken word" . (Guene, 1957). 

The sounds used in h u m a n speech serve for communica t i on at m a n y 

levels. Less than one percent of the speech is used for l inguist ic purpose , as 

s u c h , the rest gives other k i n d of in fo rmat ion about the specific character is t ic 

of a speaker, w h i c h enables one to recognize the speaker 's phys ica l wel l be ing, 

emotional states and att itudes toward the entire context in wh i ch the speech 

event occurs . 

I t is wel l establ ished that voice h a s both l inguis t ic and non- l ingu is t i c 

funct ions in any language. The degree of dependence of language on these 

funct ions varies from language to language. For eg. ' t o n e languages rely 

more u p o n the voice more speci f ical ly, t h a n other languages' . 

Voice is the carr ier o f speech, i t acts as m u s i c a l accompaniment , 

var ia t ion in voice, in terms o f p i t c h a n d loudness provide rhy thm a n d a lso 



breaks the monotony. Th is funct ion of voice draws attent ion, when there is a 

disorder of voice, l ead ing to monotonous speech. 

"Voic ing-presence of voice, has been found to be the major dist inctive 

feature" in a lmost all languages. ' Vo i c ing ' funct ions as a dist inctive feature 

and provides more phonemes a n d makes the language more broad. When 

this funct ion is ' absent ' or used ' abnormal ly ' , it wou ld lead to speech 

disorders" . (Peterson, 1966). 

At the semant ic level also voice p lays an impor tant role, specif ically in 

tone languages. The use of different p i tches, h i gh a n d low, wi th the same 

str ing of phonemes wou ld mean different things. Th i s funct ion of voice is very 

well demonstrated in tonal languages l ike " Pun jab i " a n d T h a i " . 

Speech prosody, the tone, the in tonat ion a n d the stress or the rhy thm 

of language is a funct ion of voca l p i t ch a n d l oudness as wel l as of phonetic 

durat ion . (O'Malley and Peterson, 1966). 

The term ' t o n e ' refers to a feature of sy l lable in a sequence a n d the 

term intonat ion is used to denote a sequence of tones whose funct ion relates 

to a sentence or part sentences. Fry (1968) is of the op in ion that a l l the 

languages make use of the same system of tones, a n d th is may operate at two 

or three different levels. In some languages, tone may funct ion at a 

phonological level and contrasts of tone may have effects s imi la r to those of 

phonemic differences. The tone also funct ions at g rammat i ca l or syntact ic 

level both in tone a n d non-tone languages. 

7 
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The d isc t inc t ion between a statement and a quest ion, between a 

quest ion and a c o m m a n d and so on , hav ing the same s t r ing phonemics in the 

same order. In m a n y languages it is s ignaled by a difference tone. The other 

funct ion of voice is conveying the affective state of the speaker. There is 

considerable interact ion between the effects of these three funct ions. B u t they 

form a k i n d of h i e rarchy i.e., the phonolog ica l tones may get modif ied by the 

demands of g rammat i ca l in tonat ion, a n d in t u r n i t may be modif ied by the 

need for emot ional express ion. However, there is never a complete 

subord inat ion of one level to another. 

E a c h spoken word or sentence consists o f series o f stresses, jus t l ike 

tones. Each syl lable carr ies some stress and a success i on of these stresses 

make the rhy thm or rhy thmic par t em. The stress a n d r h y t h m differences may 

serve to differentiate the words. Apar t from this , stress a n d rhy thm are also 

used for g rammat i ca l and affective funct ions of a langauge. Thus the 

parameters of voice p i t ch and l oudness p lay a v i ta l role in language. however, 

the importance of these vary from language to language. 

Perk ins (1971) has identi f ied at least five non- l ingu is t i c funct ions of 

voice. Voice c a n reveal speaker identi ty i.e., voice c a n give in format ion 

regarding the sex, age, height a n d weight of the speaker. La s s (1980) reports 

of several s tudies w h i c h have shown that i t is poss ib le to identify the speakers 

age, sex, race, socio-economic s ta tus , fac ia l features, height and weight based 

on voice. 



"This aspect of voice has received considerable attent ion and has been 

found to be use ful in cr iminology. The abi l i ty of the voice to provide 

information regarding the speaker is from the wel l perfected impl i c i t code 

(Voicers, 1964). This code is ga in ing importance , w h i c h is evident from the 

rapid ly increas ing interest in voice p r in t ing , the t e l ecommunicat ion analogue 

of finger pr int ing" . (Perkins, 1971). 

It is a prevai l ing not ion that there is a re la t ionship between voice and 

personality i.e., and voice reflects the personal i ty of an ind i v idua l , there were 

no convincing evidences u n t i l invest igat ions by S ta rk Weather (1961). 

Ostwald (1963), Manke l , Meise ls a n d H a u c k (1964) and Rousey and Mor iar ty 

(1965) were conducted and showed the re lat ionship between these two. 

However, more s tudies are required in th is area. 

Fa i rbanks (1938, 1939, 1941 , 1966), Pronovost (1938) and Hut ta r 

(1967) have conc luded from their s tud ies that the voice reflects the emot ional 

condit ions rel iably. 

Voice can also be considered to be reflecting the phys io log ica l state of 

an ind iv idua l . For example, a very weak voice may indicate that the 

ind i v idua l is not keep ing good hea l th , or a denasa l voice may indicate that 

speaker has common cold. Apar t from th is , i t is a we l l k n o w n fact that voice 

basica l ly reflects the ana tomica l a n d phys io log ica l cond i t ion of the 

respiratory, phonatory a n d resonatory systems i.e., d i s turbance in any one or 

more of these systems may lead to voice d isorders . 

9 
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An attempt has been made to f ind out the physio log ica l condit ions 

based on voice ana lys is . A recently developed aspect in the area of early 

identi f icat ion is infant cry ana lys is . I t has been found by many investigators 

(Bl inick, 1971 : F is iche l l iv , et.al. 1963 , 1966; I l l ingworth, 1981 ; Indira, 1962). 

I t is possible to identify abnormal i t i es in the neonates by analyz ing their cry 

immediate ly after b i r th or w i th in a few h o u r s after b i r th . The cry ana lys is has 

been found to be a rel iable a n d va l id predictor of the condi t ions of the ch i ld 

and i t has been adopted as a rout ine test in many ch i ldren 's hospi ta l . 

Several techniques have been developed to identify voice us ing different 

informat ion (Kresta, 1961; Dreher , 1967). Kres ta (1962) has used 

spectrographic in format ion to identify the speaker u s ing voice. Dreher (1967) 

in one of h i s techniques has used computer ana lys i s o f frequencies, 

intensit ies, dura t ions and pauses , a n d in another technique he has used a " 

Quas i -Four i e r ana lys i s " in w h i c h speech power is plotted in a circle, whi r l ed 

under stroboscopic l ight and ana lysed in terms o f var ious re lat ionships 

among s tand ing patterns that c a n be detai led v i sua l l y . (Perkins, 1971). 

S tud ies have shown that i t is poss ib le to identify race. (Stroud, 1956; 

Hibler , 1960; D i ckens & Sewyer, 1962 ; L a r s o n & La r son , 1966; Lass et. a l . 

1979) socio-economic status, (Harms, 1961 , 1963) personal i ty (Stagner, 1936; 

Eis ler , Reese, 1967), specific ident i ty (McGhee, 1937; Po l lack, Pickett a n d 

Sumby , 1954; Voiers , 1967; Co l eman , 1973b), and facia l features of the 

speaker (Lass, & Harvey, 1976), by ana l ys i s of voice of the speaker. 
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These s tudies have been cons idered to " provide very useful in formt ion 

in a variety of future theoretical a n d appl ied areas of invest igators" (Lass, 

1980). 

The in format ion from s u c h s tud ies w i l l be use fu l in t ra in ing l isteners in 

recognizing va r i ous character is t ics of speakers. 

Some of the c lues to speakers sex and size ident i ty are derived from an 

auditory ana lys i s , and from abso lute and relative resonant frequencies 

(McGhee a n d Ladefoged, 1963, 1967). 

For the purpose of speakers sex ident i f icat ion studies have employed 

voiceless fricatives, isolated spectra l noise, and whispered vowels (Schwartz. 

1968; Ingermann, 1968; Co leman, 1971). S tud ies have also been done us ing 

electrolarynx as the voice source (Lackurene, 1974). "A l l these studies have 

shown that speakers sex can be identi f ied accurate ly" : . (Dennis, 1980). 

The resu l ts of (Dennis, Ingressano, G ray We ismer & Go rdon 

H.Sehucker , 1980) s tudy on sex ident i f icat ion in ch i l d r en has shown that 

vocal tract resonance character ist ic makes the greatest cont r ibut ion in the 

accurate percept ion of sex, when the in format ion on fundamenta l frequency is 

absent. 

"In a s tudy of spontaneous speech of five a n d s ix year old ch i ld ren . 

Mur ray (1975) - l isteners, were able to identify the speakers sex w i th 78 %to 

7 1 % accuracy for male and female separately". (Dennis, 1980). 
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Infant and ch i ld sex ident i f icat ion research further, has i l lustrated the 

source-filter controversy. Mothers were able to recognize the cry of their own 

infants but failed to identify at better t han chance level. (Lanker, 1980). 

Sachs (1973) found that 8 1 % of adul t l istener ident i f icat ion were 

correct, further, ana lys is revealed that fundamenta l frequencies in males was 

signif icantly higher t han in females. For vowels |1| a n d |u| lower formant 

frequency values were seen in male voice t han in female voice. They 

concluded that judgement was not based on fundamenta l frequency, but , on 

the difference in formant patterns between boys a n d gir ls. 

Dennis , Ingress, Gray, We ismer & Schucke r (1980) in their s tudy on 

sex identi f icat ion have shown that voca l tract resonance c h a r a c t e r i s t i c s 

makes the greatest cont r ibut ion . In the absence ' of fundamenta l frequency 

information. 

A person's voice is a complex acoust ic s igna l w h i c h encodes var ious 

k i n d s of in format ion, among them some reflect the anatomy a n d physiology of 

the speaker due to large amoun t of speaker identi ty in format ion in the 

speech s ignal speaker recognit ion c a n be carr ied by m a n y means" . (Corsi , 

1982). 

Voice ident i f icat ion can be cons idered to be a very o ld or very m o d e m 

technique/process depending on the po int of view from w h i c h i t is analysed. 

Mul t ip le methods of voice ident i f icat ion c a n be represented a long a con t in ium 

that goes from very subjective to very objective. The oldest method (placed at 

the extreme subjective end of the cont in ium) wou ld be l i s t en ing to a ta lker 



13 

and recognizing h im/he r through familar i t i ty w i th h i s/he r voice. D u r i n g the 

thousands of years , not m u c h attention was given to th is area. I t was only in 

1935's that sc ient is ts attempted to br ing scienti f ic ins ight into the modal i ty of 

the process of voice identi f icat ion. 
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Subjective methods of talker identification and elimination : 

A u r a l examinat ion of recorded voices and v i sua l examinat ion of speech 

spectrographs are considered to be subjective methods of voice ident i f icat ion, 

each w i th in a different category of subject iv ity. A u r a l examinat ion of voices : 

A l istener is asked to use long term memory or short term memory process to 

identi fy/el iminate an u n k n o w n ta lker as be ing the same as a past k n o w n one. 

The first signif icant exper iment done in the area of aura l examinat ion 

us ing the long term memory process was by McGhee (1937, 1944). She used 

31 male and 18 female ta lkers, r ead ing a passage of 56 words. 740 unt ra ined 

l isteners were used . Two sess ions were conducted . D u r i n g the first sess ion, 

the l isteners heard a ta lker beh ind a screen and du r ing the second 5 ta lkers 

read the same passage. The l isteners task was to identify the speaker of the 

first sess ion. The 2nd l i s t en ing sess ion was spaced differently. Resu l ts 

indicated that the : a. Average percentage of correct ident i f icat ion var ied f rom 

8 3 % to 1 3 % . b. As time was increased (one day - 5 month lapse) between 

the 2 sess ions, lower percentages were secured, c. D i sgu i s ing the voice, 

reduced percentage of ident i f icat ion, d. Ma le and female voices were equal ly 

identif iable. Po l lack, Pickett and S u m b y (1954) also performed an exper iment 

based on long-term memory. Three var iab les were investigated : dura t i on of 

speech sample , f i l tering and wh isper ing . The i r f indings are summar i z ed as 

follows: a. Whispered speech reduced the percentage of correct 

identi f icat ion by approx imate ly 3 0 % . b . Whispered speech samples m u s t 

have a dura t i on of at least 4 secs, (normal speech- 1 sec) to get correct 
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identi f icat ion scores, c. For low pass a n d h igh pass f i l tering - ident i f icat ion 

performance is res istant to selective frequency; however fi ltering above 500 

Hz and below 2 0 0 0 Hz decreased the percentage of correct identi f icat ion. 

Co l eman (1973) e l iminated the inf luence of glottal source by u s i n g an 

art i f ic ial l a rynx w i th a fundamenta l frequency of 85 Hz. Accord ing to h i m , 

resonances of the voca l tract are the c lues for voice ident i f icat ion rather t han 

the glottal character ist ics of the ta lker . 

Researchers have conducted exper iments us ing different methods of 

presentat ion of speech mater ia l . Stevens et a l . (1968) presented the speech 

samples aura l l y through headphones a n d v i sua l l y as spectrograms. Two 

k i n d s of experiments were carr ied out. 1. A series of c losed tests in w h i c h 

there was a l ib rary of samples from 8 speakers and test utterances were 

known to be produced by one speaker . 2. A series of open tests in w h i c h 

the same l ibrary of 8 speakers was used , but test utterances may or may 

not have been produced by one of the speakers. 

The resul ts of the closed tests ind icate that after 4 h o u r s of exposure to 

the test s i tuat ion the percent error in ident i f icat ion of speaker from isolated 

speech samples (words or phrases) was about 6% for a u r a l presentat ion a n d 

about 2 1 % for v i s u a l presentat ion. These scores depend u p o n the talker, the 

subject, and the phonet ic content a n d dura t i on of the speech mater ia l . For 

the open v i sua l tests, appreciable n u m b e r of false - acceptances (incorrect 

authenticat ions) were made. 
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The resu l ts suggest the fol lowing : 1. A u r a l ident i f icat ion was more 

accurate than ident i f icat ion from spectrograms u s i n g a match ing from-a-

sample technique. 2. For v i sua l ident i f icat ion, longer utterances increased 

the probab i l i t y of correct ident i f icat ion. 3. It is easier to identify a ta lker 

when he utters a word conta in ing a front vowel t h a n w h e n he utters a word 

conta in ing a b a c k vowel. 4. There are large differences in the abi l i ty of 

subjects to identify voices on either a v i sua l bas i s or an au ra l basis . 5. 

Indirect evidence suggests that ma t ch ing - from - sample technique in wh i ch 

the compar ison i tems consists of several repet i t ions of the utterance by each 

talker leads to improved scores relative to the case in w h i c h only a single 

compar ison utterance is avai lable from each ta lker . 6. Authent icat ion of 

voices i s m u c h poorer on a v i sua l bas i s than on an a u r a l bas is . 

They have suggested some var iables w h i c h needed further probing. 1. 

The effect of more extensive t ra in ing of subjects pa r t i cu l a r l y for v i sua l tests. 

2. The advantages of u s ing more t h a n one s t andard utterance for each 

member of the ensemble of ta lkers. 3. The effect of u s i n g subjects work ing 

together in g roups rather t han ind iv idua l l y . 4. The improvement to be 

achieved by c omb in ing au ra l and v i sua l methods. 5 . The resistance o f both 

methods to m i m i c k i n g . 

V i s u a l examinat i on of speech spectrograms : 

Speech spectrography cons is ts of a d isp lay of the m a i n parameters of a 

speech wave t ime, frequency and intensity . Th is operat ion was first performed 

for susta ined vowels in 1900 's u s i n g mechan i ca l spectrographs s u c h as the 
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Henr ic i Analyzer . In 1941, an e lectromechanica l acoust ic spectrograph 

project let by R a l p h Potter was started at the Be l l Te lephone Laborator ies. In 

1944, Gray a n d Kopp found that spectrograms cou ld be used for speaker 

identi f icat ion. In add i t i on to phonet ic var iat ions, spectrograms also portrays 

ta lker dependent features. Gray a n d Kopp coined the term 'voice pr int ing ' to 

designate the app l i ca t i on of speech spectrograms to voice ident i f icat ion. 

Kresta (1962 a) reexamined 'voice pr int ' u s ing spectrograms taken from 

5 clue words spoken in iso lat ion. The test was a c losed typed one us ing 

contemporary spectrograms. A m a x i m u m of 12 k n o w n ta lkers were used in 

each tr ia l . The examiners were asked to give a posit ive dec i s ion as to w h i c h of 

the known ta lkers were same as the k n o w n one. T r a i n i n g was given for one 

week. Resul ts showed that the percentage of correct ident i f icat ion was better 

than 9 9 % . 

Stevens a n d Tos i supported these f indings a l though they argued that 

error rates were h igher t han those reported by Kres ta . Y o u n g and Campbe l l 

(1967) in their s tudy on contextual inf luence on speaker identi f icat ion 

employed five ta lkers ut ter ing two words. They were u s e d as k n o w n talkers. 

The closed type of test was used . 10 examiners received 2-5 hours of t ra in ing 

pr ior to the examinat ion . The words used were ' y o u ' ' it ' a n d were spoken in 

iso lat ion. The correct ident i f icat ion was 7 8 % . Then , words were extracted 

from sentences. The percentage of correct ident i f icat ion of words was 3 7 . 3 % . 

They attr ibuted th is low score to coar t i cu la t ion factor a n d to the difference in 

dura t i on o f word spoken in i so la t ion and in context. 



Kresta (1962), P r o zansk i (1963), Po l lack, P ickett a n d S u m b y (1954) 

have shown that it was poss ib le to obta in correct ident i f icat ion for the words 

spoken in iso lat ion and in context. B ruce (1966) carr ied out an experiment 

s imi lar to the above one. S i x ta lkers were cons idered. The s tandard 

spectrogrms consisted o f ten key words spoken in iso la t ion. One sentence 

conta ining a l l these ten key words was used. The observers task was to 

determine the speaker of the test utterance us ing the spectrogrms. The error 

rate for this task was found to be 5 0 % . Stevens et a l . (1968) s tudied speaker 

identif ication by a u r a l a n d v i s u a l examinat ions o f spectrograms. Bo th the 

tasks were done separately. The task was a match ing task w h i c h employed a 

closed set of eight ta lkers . The examiners were given a set of 8 s tandard 

spectrogram. They were then presented wi th u n k n o w n spectrograms to 

identify. The error of false ident i f icat ion ranged from 1 8 % to 5 0 % depending 

upon the utterance. 

Hazen (1973) reported an experiment performed to determine the 

effects of context on speaker ident i f icat ion. Five words were extracted from the 

speaker's spontaneous speech. Seven team pane ls cons is t ing of two 

examiners received few sess ions of t ra in ing before the start ing of the 

experiment. Task to be per formed was absolute ident i f icat ion or e l iminat ion 

of one u n k n o w n ta lker among the 50 k n o w n ones. The error ranged from 0% 

to 8 3 . 3 3 % . The error was greater when the speech samples from different 

speech context were compared , t h a n , when the samples of speech from the 

same contexts were compared . 

18 
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An extensive study on speaker ident i f icat ion has been done by Tos i et 

a l . (1972). The experiment was car r i ed over a span of two years. A total of 

34 ,996 exper imental tr ials were per formed by 29 tra ined examiners. Th i s 

s tudy h a d two stages : 1. To check out the f inding reported by Kresta (1962). 

2. To test the models inc lud ing var iab les related to forensic tasks . 

E a c h t r ia l involved forty k n o w n voices in var ious condit ions, w i th 

closed and open tr ials, fixed and r a n d o m context, contemporary and non -

contemporary spectrograms o f 906 c lue words spoken in isolat ion. The 

examiners were forced to reach a posit ive dec is ion ( identif ication/ el imination) 

in 15 minutes by v i sua l l y examin ing the spectrograms. Resul ts were graded 

on a four point confidence scale. The resul ts conf irmed Kresta's (1962) 

f inding. Exper imenta l tr ials correlated w i th forensic models (open tr ials, f ixed 

and random content, non-contemporary spectrograms) y ie lded an error score 

of 6% for false identi f icat ion a n d 1 3 % score for false e l iminat ion . Examine r s 

judged 6 0 % o f their wrong answers a n d 2 0 % o f their correct answers as 

uncer ta in w h i c h suggested that i f they were al lowed for no opin ion ' choice 

when in doubt , only 7 4 % of the tota l n u m b e r wou ld have had a posit ive 

answer. A score of 2% for false ident i f i cat ion a n d 5% for false e l iminat ion 

wou ld be obta ined. 

M a n i Rao a n d Agrawal (1984) have conducted on experiment to verify 

speakers ident i ty by compar ing the pa i r o f spectrographs. Fifteen adu l t 

speakers and ten novice examiners par t i c ipated in the experiment. The 

speech sample consisted of three E n g l i s h digits (one, two and zero). The 

examiners were required to watch the spectrograms of two speech samples in 
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terms of acoust ic features and decide whether they belonged to the same 

speaker or not. Resul ts showed that 10 novice examiners cou ld correctly 

identify the speakers about 8 5 % for male ta lkers a n d 7 2 % for female ta lkers. 

They also carr ied out feature to feature ana lys is . Resu l t s showed, the relative 

importance of r a n k order of acoust ic features for correct identi f icat ion were 

different t h a n those for correct e l iminat ion . 

La tha (1987) studied speaker ident i f icat ion by verifying the 

spectrograms based on acoust ic features and to identify the acoust ic feature 

needed for ver i f icat ion. Words extracted from sentences were used. A total of 

30 inter- speaker and 4 in t ra-speaker pa i rs a n d one pa i r for test- retest 

rel iabi l i ty were prepared. The three judges considered could identify the 

speakers correct ly (95.5%). The acoust ic features f ound to be he lpful in 

verifying the speakers were : overal l c lar ity, total du ra t i on of the word and 

durat ion of the i nd i v i dua l phonemes, frequency range of burs t , frequency 

range of noise, energy concentrat ion, voice onset t ime. They suggest that by 

obta ining a weight ing factor for each features, w h i c h the examiner can use for 

veri f ication, speaker veri f ication by spectrogram c a n be made more objective. 

Comb ined a u r a l and v i sua l examinat i on are more in vogue. In s u m , 

subjective methods of voice ident i f icat ion might offer a reasonable degree of 

val idi ty i f proper ly appl ied to p rac t i ca l cases by t ra ined examiners. 

Distort ions p roduced by t r ansmiss i on a n d record ing systems background 

noise, and psycho log ica l and phys io log ica l condi t ions o f ta lkers w i l l greatly 

decrease the percentage of cases in w h i c h a posit ive ident i f icat ion could be 
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reached. They w i l l increase the percentage of no -op in ion dec is ions or at the 

worst w i l l increase the percentage of false e l iminat ions . 

Objective methods of voice ident i f icat ion are those in w h i c h a dec is ion 

as to whether or not an u n k n o w n a n d a k n o w n voice be long to the same 

ta lker is produced by a mach ine , speci f ical ly a computer , rather than direct ly 

by a h u m a n examiner . Objective methods can be c lassi f ied into two groups 

i.e., Semiautomat ic and automat ic . 

Semiautomat ic methods need a large and con t inuous interact ion of an 

examiner w i th the computer . In the automat ic methods h u m a n interact ion is 

l imited, usua l l y i t cons is ts o f p repar ing and i n p u t i n g proper samples as wel l 

as interpret ing output from the computer . A l though some recent word 

recognition devices have demonstrated h igh success rates whi le g iv ing real 

time operation, no systems are k n o w n w h i c h can m a i n t a i n their performance 

in pract ica l app l i ca t ion . Th i s is due in part to their inab i l i t y to make 

al lowance for h u m a n factors w h i c h become noticeable in live s i tuat ions. There 

is a need to quanti fy the performance degradat ion due to these h u m a n 

factors. Other invest igat ions related to voice ident i f icat ion have also been 

carr ied out the spectra l and tempora l propert ies of speech s ignals that 

d i s t ingu ish phonet ic categories c a n be substant ia l l y altered by factors s u c h as 

phonetic content (L iberman et a l . 1967), Stress (Klatt, 1976), voca l tract size 

and shape (Font, et a l . 1973) a n d speak ing rate (Mil ler, 1987a). 

Consequent ly , changes in one or more of these factors can alter the 

perception a n d categorizat ion o f speech sounds . Sommer , P i s on i and Nygoard 
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used several different sources of s t i m u l u s var iab i l i t y w i th in speech signals to 

see the effect on spoken word recognit ion. The effect of varying ta lker 

character ist ics , speak ing rate a n d overal l amp l i tude , on identi f icat ion 

performance was assessed by compar ing spoken word recognit ion scores for 

contexts wi th a n d without var iab i l i ty a l ong a specif ied s t imu lus d imens ion. 

Identif ication scores for word l i s ts p roduced by single ta lkers were 

signif icantly better than for the ident i ca l i tems p roduced in mult ip le ta lker 

contexts. S imi la r l y , recognit ion scores for words produced at a single 

speaking rate were signif icantly better t h a n for the corresponding mixed rate 

condit ion. 

S imu l taneous var iat ions in bo th speak ing rate and ta lker 

character ist ics produced greater reduct ions in perceptua l identi f icat ion scores 

than var iabi l i ty a long either d imens ion alone. In contrast , var iabi l i ty in the 

overall ampl i tude of test i tems over a 30 dB range d id not signif icantly alter 

spoken word recognit ion scores. The resu l t s provide evidence for one or more 

resource demand ing normal i za t ion processes w h i c h funct ion to ma in ta in 

perceptual constancy by compensat ing for acoust ic phonet ic var iabi l i ty in 

speech s ignals that affect phonet ic ident i f icat ion. 

As evident from this study, b i a s ing our f ind ing only on the results o f 

perceptual (listening) f indings wou ld be in appropr iate . 

A s tudy was done by Cole et a l . where the subject spent 2000-2500 

hours l earn ing to read speech spectrographs. The subject 's abi l i ty to identify 

the phonet ic content o f broad b a n d speech spectrographs of u n k n o w n 
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utterances d u r i n g 8 seperate sess ions of 4 hours each. The expert was 

presented wi th 23 spectrograms of E n g l i s h sentences a n d sequences of words 

and nonsense words, a n d 45 E n g l i s h words embedded in a k n o w n carrier 

phrase. The phonet ic labels p roduced by the expert agreed w i th the phonetic 

labels produced by tra ined phonet ic ians (who l is tened to the speech) between 

8 0 % and 9 0 % o f the t ime, depending u p o n the scor ing method used. When 

presented w i th words in a k n o w n carr ier phrase , labe l l ing performance was 

seen to imp lor to about 9 3 % . A l inguis t presented w i th the phonetic 

t ranscr ipt ions produced by the spectrograph reader was unab l e to identify a l l 

the words in 10 of 15 utterances a n d missed a single word in each the 

remain ing five. 

'Voice Pr ints ' , a technique based on t rad i t iona l methods of speech 

spectrography is current ly being used in c r i m i n a l invest igat ions and courts o f 

law to identify speakers from recorded voice samples . Ke rs ta (1962) argued 

the para l l e l i sm of spectrograms a n d finger pr in ts . He demonstrated that 

contour spectrograms were more su i ted for th is purpose . The contour 

spectrogram has ampl i tude a n d frequency d imens i ons l ike the bar 

spectrogram. The ampl i tude however is shown by seven quant ized/or contour 

steps. The ampl i tude doubles w i th each i n w a r d progress ion from one contour 

to the next. He conducted an exper iment in w h i c h h i gh schoo l girls were 

tra ined in spectrogram read ing a n d then presented w i th spectrograms of 10 

frequently occur ing monosy l lab les . Tests were conduc ted in w h i c h these 

examiners were given a matr ix of four voice p r in t s for each speaker and they 

had to sort test of utterances into pi les for each speaker . It y ie lded promis ing 
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results of 9 9 % . When words were encerpted from the context of a cue 

sentence instead of spoken in i so la t ion were used , the deteriorat ion in error 

rate was merely 1%. 

Young a n d Campbe l l (1967) examined the effect of t ak ing words from 

sentences. They used the same words as Ke rs ta a n d recorded them in 

iso lat ion and in sentences. 10 observers, a l l fami l iar w i t h spectrograms, were 

tra ined to point out v is ib le c lues l ike frequency, intensi ty , regular i ty of vert ical 

str iat ions. They found that i t was dif f icult to identify the words in sentences, 

the correct ident i f icat ion being 3 7 . 3 % a n d 7 8 . 4 % in i so la t ion and sentences 

respectively. They refuted the c l a im that voice was un ique . 

Tosi et a l . (1972) conducted an extensive s tudy over two years. 250 

speaker 's samples were identi f ied by 29 t ra ined examiners . Va r i ous 

condit ions s u c h as closed vs. open tr ia ls , contemporary vs. non-contemporary 

spectrograms, a few c lue words, spoken in iso lat ion, in a defined context a n d 

in a random contro l etc. were cons idered. Dec is ions were based solely on 

inspect ion of spectrograms. The examiners were a sked to grade their degree 

of confidence in each dec is ion on a four po int scale. There was 6 .4% false 

identi f icat ion a n d 6 0 % wh i ch were rated as unce r ta in by the examiners. They 

suggest that i f in add i t i on to v i s u a l compar i son of spectrograms, the 

examiners were a l lowed to l is ten to k n o w n a n d u n k n o w n voices, the errors 

might be further reduced. For reasonable re l iabi l i ty , Tos i (1975) op ined 

fulf i l lment of cer ta in condi t ions. 1. E x a m i n e r s s h o u l d be qual i f ied, w i th a 

t ra in ing in phonet i cs and 2 year apprent icesh ip in f ield work. 2. They 

shou ld avoid posit ive conc lus ion i f the sl ightest doubt exists . 3. They shou ld 
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be entit led to a sk for as many samples of speech a n d as m u c h t ime is 

needed. 

Wi th regard to the above ment ioned , Ho lken (1974) speaks of : 1. 

Soc ia l re levancy of the prob lem. 2. The re lat ions of voice p r in t s to the larger 

i ssue of speaker ident i f icat ion a n d , 3. The differences between laboratory 

experiments a n d forensic invest igat ions. 1) The "voice p r in t " controversy 

does not exist s imp ly as a scienti f ic cur ios i ty rather, i t forms the bas i s on 

wh i ch an ind i v idua l accused o f c r im ina l acts c a n be convicted or 

exonerated. Therefore, speaker ident i f icat ion mus t be considered w i th 

perspective of soc ia l imp l i ca t i on involved. 2) In cases, the greater i ssue 

concerns the positive ident i f icat ion from their speech by means of any 

acoust ic , temporal , perceptua l etc. approach ( or combina t i on a n d 

approach), poss ib le in any or a l l s i tuat ions . B u t m a n y a t imes on ly a 

narrow approach is used . 3) There is no one single forensic mode l i.e. the 

forensic s i tuat ion ac tua l ly is made up of a rather large n u m b e r of 

condit ions that may vary either in presence or magni tude . A few of these 

compl icat ing condi t ions consist o f the poss ib le non-contemporous aspects 

of speech samples , the psycho log ica l state (stress, fear etc.) of the ta lker , 

attempts at d isguise noise in the t r a n s m i s s i o n system, interface in adequacies 

w i th in the system, system b a n d pass a n d d is tor t ion, compet ing speech 

s ignals and so on. 

Add i t i ona l confusion cou ld exist because a n u m b e r of s tudies have 

been reported where one or more of the above var iables have been inc luded in 
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the exper imental design and the da ta have been argued to be appl icable to 

forensic s i tuat ions. 

The proponents of the "voice p r in t " technique base just i f icat ion of i ts 

use as an investigative tool on 2 arguments . 

F irst , they contend that the ir procedures wou ld be even more accurate 

in real life s i tuat ions than in the lab . That is profess ional examiners would -

a) be permitted a l l the time a n d samples they w ished . b) be more ser ious 

about the laboratory subjects, c) have a greater degree of appropriate t ra in ing 

than laboratory subjects. d) be permi t ted to have no op in ions . 

Bu t in real life forensic s i tuat ions , the impact of prob lems that face the 

examiner would be so pro found that, in most cases, they would ser iously 

outweigh the Osgood advantage. Fo r e.g. : The evidence presented by 2 

Ca l i fo rn ia "Voice Pr int " cases is reviewed. 

In one, the defendant was a ccused of m a k i n g a telephone ca l l . The ca l l 

was recorded on a 24 hour taperecorder w i th a very low signal-to-noise ratio 

and an apparent upper frequency l im i t o f about 2300 Hz . spectrograms used 

for compar ing the voices of the accused a n d the u n k n o w n caller were 

d isplayed. Due to distortt ion a n d l a ck of evidence, no dec is ion was f inalized 

and the case ended in a h u n g ju ry . 

In another case, the defendant was accused of m a k i n g a bomb threat. 

The court found the defendant not gu i l ty a n d the evidence not reliable to th is 

par t i cu la r case due to : a) M i s t akes a n d errors made in the preparat ion of 

spectrograms used in m a k i n g the ident i f icat ions b) Fa i lu re to ascertain the 
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existence of s u c h errors, c ) Demonstrated l i s ten ing errors in court while under 

cross examinat ion , d) Tentative mis- ident i f i cat ion of the court ordered 

exemplar, e) Fa i lure to ma in ta in adequate records/logs d u r i n g conduct ing 

of tests. 

These two cases raise the i ssue of how to extrapolate from laboratory 

studies to forensic s i tuat ions. 

In 1973 Hazen 's subjects received t ra in ing equivalent to that received 

by experimenters in voice pr in t ident i f icat ion t ra in ing courses . Exper imenta ls 

tasks required subjects to identify u n k n o w n speakers from a popula t ion of 50 

known speakers, by first e l iminat ing a l l k n o w n speakers they were certa in 

were not the u n k n o w n speaker and then at tempt ing ident i f icat ion. 

Ten at tempts were made where the u n k n o w n a n d k n o w n speech 

samples of the some speaker were excerpted from the same phonet ic contexts 

and ten attempts when they were excerpted from different contexts. 

Stat ist ical ly s igni f icant difference in subject per formance for these two 

contexts ind icated that even the phonet ic contexts cause spectral var ia t ion 

and should be considered as an impor tant var iable d u r i n g voice identi f icat ion. 

The objections to the use of voice pr in t t echn iques may be c lassi f ied 

into three k i n d s concern ing the interpretat ion of r esu l t s from laboratory 

assessment, the procedures o f dec is ion mak ing , a n d mos t fundamenta l ly the 

nature of in format ion on w h i c h those decis ions have to be based . 

Quest ions have been ra ised as to whether v i s u a l examina t i on of speech 

samples gives more accurate resu l ts than a u r a l examina t i on . Young a n d 
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Campbe l l (1967) concluded that h u m a n s can extract more relevant 

in format ion from the unprocessed acoust i c s ignal than they do from a v i sua l 

representat ion. A lso , interpretat ion is very subjective. 

Ho l l i en (1974) states that i f the proponents of "voice pr in ts " are 

success ful , a subcu l ture wou ld develop expressly for the j u d i c i a l system, 

where certified professional examiners cou ld testify in cour ts of law. Despite 

the fact that voice pr in t ing is very vu lnerab le to cr i t i c i zms that it is subjective 

and unval idated and its pract i t ioners do not undergo objective, independent 

test ing in real ist ic condit ions, i t i s u s ed i s courts in 23 states in Amer i ca a n d 

in C a n a d a , Italy and Israel. 

The present level of knowledge about persona l voice character ist ics , 

their recognit ion and how they change unde r different condi t ion is s t i l l 

rud imentary . Th i s is a prerequisite for success fu l voice pr in t ing . 

Exper iments in 1 9 6 0 s a n d 70 's reviewed the scienti f ic bas is o f speaker 

identi f icat ion through use o f speech spectrograms in connect ion wi th legal 

proceedings. Exper imenta l resul ts showed that error rates rang ing from 6% to 

6 5 % false ident i f icat ion under va r i ous condi t ions were encountered in 

forensic s i tuat ions. It was conc luded that scientif ic in format ion avai lable at 

that t ime was not adequate to prov ide va l id est imates of the degree of 

re l iabi l i ty of voice identi f icat ion by e l im ina t i on of spectrograms. 

They suggested some exper iments required to es tab l i sh th is technique 

on a scienti f ical ly sol id bas is . The key ques t ion - "What are the odds? What 

are the probabi l i t ies of correct, incorrect , or m ixed ident i f icat ion of a person 
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through spectrograms? What are the probabi l i t i es unde r the par t icu lar set of 

condit ions involved in forensic s i tuat ions . Relevant condi t ions inc lude the 

selection and n u m b e r of persons represented by the spectrograms examined, 

the methods by w h i c h voice samples were recorded, the time and 

c i rcumstances when the recordings were made a n d the confidence cr i ter ia of 

the examiner in m a k i n g h is decis ions. 

They wanted to see i f the probabi l i t i es w o u l d qualify speech 

spectrograms as admiss ib l e for evidence in court. 

In Tosi 's a n d others method of ana lys is general ly effect of five var iables 

were seen. 1. N u m b e r of speakers in the k n o w n set. 2. O p e n vs. closed tests. 

3. The context of speech mater ia ls (test words were either spoken in 

iso lat ion or in sentences). 4 . Cer ta in character is t i cs o f speech t ransmiss ion 

system. 5. Contemporary vs. non-contemporary voice samples . 

Identi f icat ion errors are of two types : 1. E r r o r s of false identi f ication. 

The observer selects from the k n o w n set, a speaker who is not the person 

represented in u n k n o w n spectrogram. 2. E r ro r s o f false rejection or missed 

identi f icat ion in open tests the observer wrongly decides that the u n k n o w n 

speaker is not represented in the k n o w n set. 

In the forensic s i tuat ion false ident i f icat ion c ou ld erroneously single out 

a par t i cu lar i n d i v i d u a l as one of the suspected persons . S u c h errors take on 

specia l s igni f icance in that they relate to the poss ib le convict ion of an 

innocent person. E r ro r s o f false rejection on the other h a n d are important in 
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invest igat ion work because they may lead to the e l iminat ion of a gui l ty person 

from cons iderat ion as a suspect. 

Hazen conducted a study where in the resul ts of c losed vs. open tests 

onwards in i so la t ion words embedded in sentences were compared. Closed 

tests resul ted in better identi f icat ion when isolated words were used. On the 

open tests w i t h words from conversat ions, false ident i f icat ions were 

signi f icantly less than false rejections. 

B l a ck , Lashbrook , Tosi, N a s h , Oyer etc. conferred on the necessary 

condi t ions required by police department to obta in legal evidence through 

voice ident i f icat ion not present in laboratory s tudies are : a) A voice 

ident i f icat ion t ra iner mus t complete at least two years of superv ised 

apprent iceship dea l ing wi th field cases, a n d possess academic t ra in ing in 

audiology a n d speech sciences before app ly ing for a test prof ic iency to 

become a profess ional examiner, b) A profess ional examiner in voice 

ident i f icat ion m u s t be ent i t led to render five dec is ions after each 

examinat ions namely : posit ive ident i f icat ion, posit ive e l iminat ion, 

probabi l i ty of ident i f icat ion poss ib i l i ty of e l im inat i on a n d no op in ion, c) A 

professional examiner in voice ident i f icat ion m u s t be entit led to use as 

m u c h t ime a n d as many samples as he deems necessary to complete or 

examinat ion . d) A professional examiner in voice ident i f icat ion m u s t be he ld 

responsib le for the positive decis ions he may reach after h i s examinat ion . 
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In order to ensure that these condi t ions are met in real-life cases, as 

well as to enforce a code of ethics, a non-prof i t Internat ional Assoc ia t ion of 

Voice Identif ication was incorporated in 1971. 

Authors are aware of the poss ib le m isuse of voice identi f ication. 

However, they say that when evidence of voice ident i f i cat ion/e l iminat ion is 

presented in a court of law, a complete in format ion of the process used and 

the present l imi tat ions a n d restr ic t ions of the method is given. 

Endress et a l . (1971) s tudied the changes u s i n g spectrograms, due to 

age, voice disguise a n d m i m i c k i n g . The results showed, a) Shift in the 

frequency of formants to lower frequencies w i th increas ing age. b) 

Spectrograms of text spoken in n o r m a l and d isguised voice revealed strong 

var iat ions informat s t ructure , c) Resu l t on m i m i c k i n g the voice of we l l -known 

people suggested that though the imi tators cou ld vary format structure 

and fundamental frequency, they were not able to adopt these parameters 

to match those of imi ta ted persons. 

Hol l ien and M c G l a n e (1976) s tud ied d isguised voice too. They employed 

positive decis ion cr i ter ion. The resu l ts ind icated on ly 2 3 . 3 % correct 

identi f ication. The posit ive dec is ion cr i ter ion was cr i t i c i zed by var ious 

investigators l ike F losser (1971), Hazen (1973), Steven (1968), Young and 

Campbe l l (1967) a n d others. 

Reich, Mo l l a n d C u r t i s (1976) s tud ied the effect of selected vocal 

disguises on spectrographic speaker ident i f icat ion. Two recordings of 40 

males were taken w i th a time gap of 40 weeks. Sentences w i th n ine clue 



32 

words were spoken in six different modes, they are - Norma l speech, o ld age, 

hoarse, hyper nasa l , slow rate a n d free style. 

Spectrograms were presented to four examiners who received 50 hours 

t ra in ing pr ior to the start ing of the exper iment, they were not al lowed for no 

op in ion decis ion, a n d were asked to rate the ir confidence on a five point scale. 

Results indicated h igh percentage o f correct ident i f icat ion when u n k n o w n a n d 

known und isgu ised voices were compared , than when und isgu ised k n o w n 

voices were compared wi th u n k n o w n voices d isgu ised in any other mode. 

The factors that may effect the speaker ident i f icat ion task are - 1. Different 

number of clue words used in speaker ident i f icat ion task. 2. Different 

number of utterances. 3. Different types of record ing condi t ion of the c lue 

words: a) Speech samples recorded direct ly into the tape recorder. b) 

Speech samples recorded v ia a regular telephone l ine, in quiet environment 

or in noisy environment. 4. Different context of c lue word used for speaker 

identi f ication. a ) C lue word spoken in i so la t ion b ) C lue word spoken in 

fixed context c) Words from r a n d o m context. 5. Different number of k n o w n 

speakers inc luded in each exper imenta l t r i a l i.e. 10, 20 , or 40 . 6. Intra-

speaker var iat ions 7. Awareness of the examiner . 

Most of these factors increase the percentage of no op in ion dec is ion or 

possibi l i t ies of false e l iminat ion than the poss ib i l i t i es of false identi f icat ion. 

Tosi (1979) conc ludes .. . " cons ider ing a l l these var iables it is dif f icult 

to develop a method that gives 1 0 0 % correct ident i f icat ion. To ins i s t that a 
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system of voice ident i f icat ion w h i c h shou ld be res istant to d isguises, noise or 

other distort ions for prac t i ca l use is unrea l is t ic and unfair " . 

The vocal character is t ics have their or ig in in the tone generated by the 

larynx inc lude p i t ch a n d intensity . Cer ta in phonemic vo i c ing patterns s u c h 

as durat ion of the vo ic ing cue a n d the propert ies of a pa r t i cu la r speaker 's 

glottal waveform. Taken as a group, these character is t ics are considered to 

make am impor tant cont r ibut ion to the identi f iabi l i ty of a speaker. The extent 

of this contr ibut ion , however has not been fully descr ibed. If, as has been 

suggested by Wolf, the fundamenta l frequency is the easiest acoust ic proper ly 

to modify for purposes of d i sgu i s ing the voice, it is impor tant to know how 

m u c h speaker ident i f icat ion is retained when the n o r m a l inter- subject 

differences in the laryngeal fundamenta l are e l iminated. In any laryngeal 

tone, certain persona l character is t ics s u c h as the shape i f the glottal 

waveform wh i ch wou ld be largely dictated by the propert ies of the ind iv idua l ' s 

vocal folds cou ld be p resumed to r ema in . It might be inferred therefore that 

the loss of ident i f iabi l i ty brought about by the equal izat ion of a l l glottal source 

character ist ics wou ld represent the m a x i m u m degree of con fus ion that wou ld 

result from attempts to d isguise the voice by al ter ing the voca l fundamenta l . 

H o u l i h a n (1977) performed a s tudy on the effects of d isguise on 

identi f ication. She used 9 females a n d 5 males ta lkers , who read a short 

sentence in several condi t ions l ike und i sgu i sed , low p i t ch , falsetto, whispered 

and muffled voice. In a c losed t r i a l , 22 examiners who received t ra in ing 

part ic ipated in the test. In each t r ia l u n k n o w n spectrogram prepared w i th 

und isgu ised voice of each ta lker h a d to be matched aga inst a l l other ta lkers 
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had of the some sex, in a l l voice condi t ions 1 0 0 % identi f ication for 

und isgu ised voice and 5% for whispered speech were reported. 

In order to determine if speech spectrograms c a n be used to identify 

h u m a n beings, 2 quest ions mus t be s tud ied : 1. Does the formant structure 

of phonemes uttered by a certain speaker change over a l ong interval of t ime, 

and 2. C a n the for formant s t ructure be changed by d isguise , or is it even 

possible to imitate the formant s t ructure of another speaker? 

Spectrograms of utterances p roduced by 7 speakers and recorded over 

periods of upto 29 years showed that the frequency pos i t ion of formants and 

p i t ch of voiced sounds shift to lower frequencies w i th increas ing age of test 

person. Speech spectrograms of texts spoken in a n o r m a l and a d isguised 

voice revealed strong var iat ions in f romant s t ructure . Speech spectrograms of 

utterances of wel l k n o w n people have been compared w i t h those of imitators. 

The imitators succeeded in vary ing the formant s t ruc ture and fundamenta l 

frequency of the ir voices, but they were not able to adopt these parameters to 

match or even be s imi la r to those of in i t ia ted persons. 1. Do formant center 

frequencies a n d the mean p i t ch frequency of the phonemes uttered by a 

speaker r ema in constant dur ing h i s life or do they depend u p o n his age? 2. 

Do formant center frequencies also r e m a i n constant i f the voice is 

d isguised? 3 . Does an imitator succeed in adopt ing h i s manner o f 

spectrogram to that of the person to be imi ta ted so that the formant 

s t ructure o f h i s phonemes and the curve o f h i s speech melody are s imi la r? 

Resul ts : 
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Neither the formant s t ructures of vowels a n d vowel l ike sounds nor the 

fundamenta l frequencies determined from spoken sentences are independent 

of age. On the contrary, i t has been shown that w i t h inc reas ing age the po ints 

of concentrat ion of the formants move towards lower frequencies. Moreover, 

the abi l i ty of contro l l ing the p i t ch frequencies beg in to decrease w i th 

increas ing age. Th i s al lows the conc lus ion that h u m a n phonat ion may 

change pred ic tab ly w i th increas ing age. 

There is a poss ib i l i ty of cons iderably chang ing formant s t ructure of 

vowels and vowel l ike sounds as wel l as the m e a n p i t c h frequency by 

deliberate d isguise of the voice. The attainable degree of s u c h changes var ies 

from person to person. 

In the case of imitat ions, they try to adapt, the m e a n p i t ch frequency of 

their voice to that of the person to be imitated. In general , they do not 

succeed is s t r i k ing the exact frequency pos i t ion. 

I t has been shown that the s ound of the voice a n d the mean p i t ch 

frequency above do not play a p redominant role in the ident i f icat ion of the 

imitated speaker by other people. The fol lowing charac ter i s t i cs may then be of 

specia l impor tance , the curve of the intonat ion of the sentences, general 

hab i tua l features s u c h as loudness , r i chness o f voice a n d speech dynamics , 

typical phrases a n d const ruct ion o f sentences and dia lect in w h i c h the text to 

be imitated is spoken . These features cause the l i s tener to associate th is 

imi ta t ion w i th the imitated person, bu t most of them are di f f icult to define a n d 

trace in speech spectrograms. 
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Fahnswor th took up a consonanta l speeded c lass i f icat ion task to 

assess the effect o f talker var iab i l i t y across CV a n d VC environments. In 

addit ion, condit ions were b locked by syl lable type (CV or VC) or consisted of 

mixed sets o f CV and VC sy l lables . Ta lke r var iab i l i ty was man ipu la t ed by 

presenting s t imu l i spoken by a single ta lker or by m a n y ta lkers . The resul ts 

showed that the magni tude of the effects of ta lker var iabi l i ty was 

approximately the same when compar ing performance across ta lker contexts 

for CV 's and VC ' s . Also the ta lker var iab i l i ty effect was stronger unde r 

condit ions where syl lables were b locked . Th is , provides further in format ion 

about the under l y ing m e c h a n i s m s involved in process ing perceptual 

var iat ions in the speech s ignal . 

Hol l ien et a l . (1977) conducted 2 exper iments in wh i ch long-term 

spectra were extracted from contro l led speech samples in order to s tudy the 

effectiveness of that technique as a cue for speaker ident i f icat ion. 

In the fist study, power spectra were computed separately for groups of 

male speakers unde r ful l b a n d a n d pass b a n d condi t ions , an n -d imens iona l 

eucl idean distance technique was used to permit identi f icat ions. The 

procedure resulted in h igh levels of speaker ident i f icat ion for large groups, 

especial ly under the ful l band condi t ions . 

In a second experiment, the same approach was employed in order to 

discover i f it was res istant to the effects of var ia t ion in speech product ion (at 

least under lab condi t ions. Ta lke r s were 25 adu l t males , 3 different 
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condit ions were studies, (a) No rma l speech (b) Speech dur ing stress (c) 

Disguised speech 

The resu l ts demonstrated h i gh levels of correct speaker identi f icat ion 

for no rma l speech, sl ightly reduced scores for speech dur ing stress a n d 

marked ly reduced scores for d isgu ised speech. It wou ld appear that the L.T.S 

can be ut i l i zed to identify ind i v idua l s even in relatively large groups when they 

are speak ing no rma l l y or under stress. LTS does not appear to be an effective 

technique when voice disguise is employed. 

This approach may have some mer i t for use in app l i ed si tuat ions or as 

one of the features in a mult iple-vector approach . 

An invest igat ion led by Wol f (1972) for select ing acoust ic parameters 

wh i ch help to d i s t ingu i sh speakers, mot ivated by k n o w n relat ions between the 

voice s ignal a n d vocal tract shapes a n d gestures was carr ied out. O n l y 

signif icant features of selected segments were used . A s imu la t i on of a speaker 

recognit ion system was performed by m a n u a l l y locat ing speech events w i th in 

utterances a n d u s i n g parameters measure da ta these locat ions to c lassi fy the 

speakers. Use fu l parameters were f ound in fundamenta l frequency, features 

of vowel and n a s a l consonant spectra, es t imat ion of glottal source, spec t rum 

slope, word dura t i on and voice onset t ime. 

These parameters were tested in speaker , recognit ion paradigms u s i n g 

s imple l inear c lass i f i cat ion procedures. W h e n only 17 s u c h parameters were 

used, - no errors were made in ident i f i cat ion from a set of 21 adult male 



speakers. Under the same cond i t ions , speaker veri f icat ion error of the order of 

2% were also obtained. 

Speaker recognit ion a n d ver i f icat ion effectiveness of a set of 92 

measurements were examined by S a m b u r (1973). The measurments i n c l u d e d 

the formant s t ructure of vowels, the dura t i on of certa in speech events, the 

dynamic behav iour of the formant contours , var ious aspects of the p i t c h 

contour throughout on utterance, formant band widths , glottal source "poles" 

and, pole and zero locat ions d u r i n g the product ion o f nasa ls and str ident 

consonants. L inear predict ion methods were employed in the analys is , a n d a 

probabi l i ty of error cr i ter ion was derived to evaluate the speaker 

character iz ing potent ia l of the measurement . The exper imental speech da ta 

were collected du r ing 5 different record ing sessions (the vast time gap be ing 

three and a ha l f years between the or ig inal a n d least recording). The 

measurments that were found mos t use fu l were related to the nasa ls , cer ta in 

vowel resonances, certain t empora l at tr ibutes and average fundamenta l 

frequency. A speaker ident i f icat ion experiment u s ing only the five best 

measurment resul ted in only one error in the ident i f icat ion of 11 speakers for 

320 test utterances. 

Co leman carr ied out a s tudy to provide in format ion on two quest ions : 

(1) Wi th what degree of accuracy c a n speaker ident i f icat ion be made in the 

absence of the in format ion no rma l l y prov ided by inter-subject differences in 

the laryngeal fundamenta l . (ii) H o w comparable are male and female 

speakers under these exper imenta l cond i t i on . 

38 
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Twenty n o r m a l spectrograph adu l ts (10 male , 10 female) were taken. 

The sound source used as a subst i tute for n o r m a l tone was a Western Electric 

Company mode l w i th electrolarynx w h i c h p r oduced is steady buff having a 

frequency of 85 Hz (+/-3 Hz). 

The speech sample consisted of words . The samp les were then paired 

wi th same or different samples. These were g iven to l is teners to judge as 

same or different. 

The resu l ts ind icated that more t h a n 9 0 % correct identi f icat ions were 

possible. 

Th is ind icates that sufficient i nd i v i dua l i t y exists in speech 

character is t ics other t han those associated w i th the g lottal source to support 

speaker-pair d i sc r iminat i ons w i th sl ightly better t h a n 9 0 % accuracy. This 

indicates that m a x i m u m reduct ion in speaker ident i f i cat ion might be expected 

to result from attempts to disguise the voice by modi fy ing the laryngeal tone 

wi th less than 1 0 % accuracy). Th is s tudy also says that female speakers may 

be expected to be more successful in d i s gu i s ing the i r voices than males. 

Males are sa id to differ more among themselves on the non-phonatory aspects 

of speech. 

The effect o f speak ing rate and stress on the t empora l and spectral 

qual i ty o f vowels in four adult male speaker was eva luated by Stark (1993). 

Conversat iona l style speech was used wh i ch , four vowels in two target words 

were analyzed. The target words were p roduced in two different sentence 

stress condi t ions . Vowel durat ions were measured a n d formant values were 
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obtained at l / 4 t h , 1/2 and 3 / 4 t h po ints of the syl lables. Rap id rate tokens 

were consistent ly shorter in du ra t i on shortening between stressed and 

unstressed words or vowels. Speakers were very consistent in their overal l 

sentence compress ion , bu t word a n d vowel compress ion showed 

nonsystemat ic i nd i v i dua l differences. Target under schoo l (any deviat ion 

greater than one B a r k from the stressed no rma l rate condition) was found in 

only one speaker for the first formant of one vowel. Fo rmant movement from 

1 /4th to the 3/4 th point was not affected by rate or stress in any speaker. 

A n a n t h a p a d m a n a b h a a n d Stevens (1991) s tud ied the p roduc t i on of 

stop consonants . They say that the produc t i on of stop consonants produces 

several k i n d s of acoust ic propert ies : (1) The spec t rum of the in i t i a l t rans ient 

and burs t md ica t ing the size of the cavity anter ior to the constr ic t ion. (2) 

Place dependent art iculatory dynami c s lead ing to different t ime courses of 

the noise burs t , onset of g lottal v ibrat ions a n d formant t rans i t ions . (3) 

Formant t rans i t ions ind ica t ing the chang ing voca l tract shape from the 

closed posi t ions of the stop to a more open conf igurat ion of the fol lowing 

vowel. This s tudy measured the relative contr ibut ions of these acoust ic 

properties to the c lass i f icat ion of the consonanta l place of a r t i cu la t i on u s i n g a 

semi-automat ic procedure. The acoust ic data cons is ted of a n u m b e r of 

repetit ions o f voiceless unasp i r a t ed stops in meaning fu l words spoken by 

several female a n d male speakers . The spectra averaged over the stop release 

and at the vowel onset were u s e d as the acoust ic feature. Speaker 

independent and vowel independent c lass i f icat ion was about 8 0 % u s i n g either 
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the burs t or vowel onset spec t rum a n d a combined strategy led to a higher 

degree of accuracy . 

B l u m s t e i n and Stevens (1980) attempted to determine whether j u s t the 

onset of a synthet ic C V . syl lables c a n provide cues to the percept ion of place 

of ar t icu lat ion for voiced stop consonants . 

A series of l i s tening tests w i t h br ie f synthetic CV syl lables was carr ied 

out to determine whether the i n i t i a l par t of a syl lable c a n provide cues to 

place of ar t i cu la t ion for voiced stop consonants independent of the remainder 

of the syl lable. The data shows that s t i m u l i as short as 10-20 msec, sampled 

from the onset of a CV syl lable c a n be re l iab ly identi f ied for consonanta l place 

of ar t i cu lat ion, whether the second h igher formants conta in mov ing or straight 

t ransi t ions and whether or not an i n i t i a l burs t is present. In most instances , 

the brief s t imu l i also conta in suff icient in format ion for vowel identi f icat ion. 

S t i m u l u s con t inua in w h i c h formant t rans i t ions ranged from va lues 

appropriate to [b] [d] [g] in var ious vowel env ironments a n d in wh i ch s t imu lus 

durat ions were 20 and 40 msec, y ie lded categorical l abe l l ing funct ions w i th a 

few exceptions. 

On the bas i s of this study, the suggested the fol lowing hypothesis in 

the percept ion of speech. 1. In the s t ream of speech, abrupt onsets and 

offsets provide markers to ind icate po ints in t ime where acoust ic 

in format ion relevant to consonanta l p lace of a r t i cu la t ion is sampled. 2. Th is 

acoust ic in format ion resides for the most part in 10- 20 msec . time interval 

immediate ly adjoint to the onset or offset. 3. The gross shape of the spectra 
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in this region provides the essent ia l pe rcep tua l cues for place of ar t icu lat ion 

across vowel contexts. 

Stevens et a l . (1992) - several types of measurements were made to 

determine the acoust ic character is t ics of those that d i s t ingu ish between 

voiced and voiceless fricatives is va r i ous phonet ic environments. The 

selection of measurements was based on a theoret ical ana lys is that indicated 

the acoust ic a n d aerodynamic at tr ibutes at the boundar i e s between fricatives 

and vowels. As expected, glottal v ib ra t i on extended over a longer time in the 

obstruent interval for voiced fricatives t h a n for unvo iced fricatives and there 

were more extensive t ransi t ions of the first formant adjacent to voiced fricative 

than for the voiceless cognates. When two fr icatives w i th different vo ic ing 

were adjacent, there were subs tan t i a l modi f i cat ions of these acoust ic 

attr ibutes, par t i cu lar l y for the syl lable f ina l fricative. In some cases, these 

modi f icat ions leads to complete ass im i l a t i on of the vo ic ing feature. Several 

perceptual s tudies w i th synthetic vowel C - V s t i m u l i a n d w i th edited na tu ra l 

s t imu l i examined the role of consonant du ra t i on , extent of locat ion of glottal 

v ibrat ion and extent of formant t rans i t i ons on the ident i f icat ion of the vo ic ing 

character is t ics of fricatives. The perceptua l resu l ts were in general consistent 

w i th the acoust ic observations a n d w i th expectat ions based on the theoretical 

model . The resul ts suggest that l isteners base the ir vo ic ing judgements of 

intervocal ic fricatives on an assessment of the t ime interva l in the fricative 

dur ing wh i ch there is no glottal v ibra t ion . Th i s t ime interval mus t exceed 

about 60 msec. i f the fricative is to be j udged as voice less, except that a sma l l 



correction to their threshold is app l i ed on the extent to w h i c h the first formant 

transi t ions are t runcated at the consonant boundar ies . 

J o n a t h a n (1994) considered 1946 syl lable in i t i a l a n d 2848 syl lable 

f inal n a s a l consonants taken from cont inuous speech data . Re lat ional 

informat ion in the acoust ic waveform is based on difference spectra, in w h i c h 

spectral in format ion in the vowel i s subtracted from spect ra l in format ion in 

the m u r m u r , a n d on combined spectra in wh i ch c lass i f i cat ions are made from 

combinat ions o f m u r m u r and vowel spectra. These two k i n d s o f re lat ional 

spectra are compared w i th static spectra, in w h i c h single spectra l sl ices are 

taken from either the m u r m u r or the vowel (contrary to recent theoretical 

predictions), difference spectra are shown to perform more poorly than same 

k inds of static spectra. However, s ince c lass i f icat ion scores from combined 

spectra are better than from either stat ic or difference spectra , cues to nasa l 

part of a r t i cu la t i on can nevertheless be defined as ra t iona l . In the best 

scoring, comb ined spectra c lass i f icat ion scores on open test are j u s t under 

9 4 % correct for sy l lable in i t ia l nasa l s a n d jus t unde r 8 2 % correct for syl lable 

f inal nasa ls . The h igh c lass i f icat ion scores show that there is considerable 

in format ion in the acoust ic waveform for identi fy ing n a s a l p lace of ar t i cu la t ion 

from con t inuous speech data. 

G lass et a l . (1984) attempted to quali fy the t empora l and spectra l 

character is t ics o f the nasa l consonants in Amer i can E n g l i s h . 200 words w i th 

nasa l consonants in different pos i t i on a n d c lusters were taken . The ana lys is 

focused on the static character is t ics of the n a s a l m u r m u r , the effect of 

nasa l i za t ion on the spectra l shape of vowels, a n d the propert ies of the 
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t rans i t iona l region between the n a s a l consonant and the adjacent vowel. The 

results suggested that : (i) The dura t i on of the nasa l m u r m u r is strongly 

inf luenced by the environment in w h i c h it appears, (ii) Fo r a given speaker , 

the spectral shape of the n a s a l m u r m u r is relatively unaffected by the 

phonetic environment, (in) For a given speaker, the spectra l shapes of n a s a l 

m u r m u r are very s im i l a r for a l l n a s a l consonants . 

The resul ts o f numerous s tudies impl ied that speakers c a n be 

recognized provided inter-speaker var iab i l i ty is greater t han in t ra-speaker 

var iabi l i ty . Techniques w h i c h wou ld facilitate this wou ld improve the 

rel iabi l i ty of speaker ident i f icat ion. 

S u , Li et a l . conducted a quant i tat ive s tudy of coar t i cu la t ion of n a s a l 

consonants w i th the vowels fo l lowing them in isolated t h e ' cvdl ut terances 

was studied. The spectral differences between the mean spectra of nasa l 

followed by front vowels, and those of nasa l s followed by back vowels are used 

as the acoust ic measure of the coar t i cu la t ion of / m / a n d / n / w i th the 

following vowel /v/. The coar t i cu la t ion between / n / and /v/ was found to be 

only one-third of that between / m / and /v. The coart icu lated nasa l spec t rum 

par t i cu lar ly between / m / and /v/ was found to have strongly id iosyncrat i c 

character ist ics w h i c h are not l ike ly to be modif ied in na tu ra l speech. A 

method was developed by w h i c h the coar t i cu la t ion between / m / and/v/ was 

taken as the acoust ic clue a n d the speaker was identi f ied by use of a 

correlat ion dec is ion cr i ter ia. Coar t i cu la t i on was found to give more re l iable 

cues than the n a s a l spec t rum alone, w h i c h had earl ier been found to be one 

of the best acoust ic cues for ident i fy ing speakers . 
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Based on a s tudy by Rab iner and W i l pan (1974) i t was seen that 

speaker tra ined iso lated word recognizers had notable success . The t ra in ing 

generally involved a single (or sometimes 2) repet it ions of each word of the 

vocabulary of the ta lker. Word reference templates are then formed directly 

from the repl icates. In recent work, i t has been f ound that stat is t ica l 

c luster ing procedures provide an efficient way for de t e rmin ing the s tructure in 

mult ip le rep l icat ions of a word by different ta lkers. S u c h techniques were 

used to provide a set of reference templates based on c lus t e r ing results . It is 

shown that s igni f icant improvements in recognit ion accuracy are obtained 

when us ing templates obtained from a c luster ing ana l ys i s of mul t ip le 

repl icat ions of a word by the designated talker. 

Green, et a l . (1984) - 8 observers are given t r a in ing for a two month 

per iod, at the end of w h i c h they cou ld successful ly identi fy 50 PB words of a 

single speaker. Genera l i zat ion tasks were carr ied out w i t h different speakers 

and a novel set of words . H i gh levels of accuracy was f ound in identi fy ing the 

v i sua l d isp lays protocol ana lys is revealed that the subjects were able to 

extract features from the spectrograms that corresponded in m a n y cases to 

well k n o w n acoust ic phonet ic features (visual correlates of cr i ter ia ! features) 

even though they were not expl ic i t ly t ra ined to do so. 

Inconsistent resul ts have been obtained from s tud i es in w h i c h the 

effects of phonet ic contexts on ident i f icat ion accuracy were investigated. 

Kers ta compared the abi l i ty of subjects to make ident i f i cat ions u s i n g single 

words under bo th isolated a n d contextua l speech cond i t i ons . E r ro r rates 

between these cond i t ions differed by less than 1% for con tex tua l condi t ion . It 
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was considered that phonet ic context had negligible effect on identi f ication 

accuracy. 

Steven et a l . investigated the abi l i ty of subjects to make speaker 

identi f icat ion spectrographica l ly a n d compared i t to the i r abi l i ty to make 

identi f icat ion aura l l y . Us ing spectrograms, error rates varied widely 

depending u p o n the condi t ions. They observed that the mean error rate 

decreased for approx imate ly 3 3 % to 1 8 % as the d u r a t i o n of speech sample 

increased from monosy l lab ic words to phrases a n d sentences. Subjects 

consistently achieved lower error rates when ident i fy ing speakers aural ly , 

rather than spectrographical ly . There are at least two contex tua l factors that 

may decrease one's abi l i ty to make a correct ident i f i cat ion. 1. The shorter 

durat ion of words spoken in context as opposed to i so la t i on provides less 

acoustic in format ion. 2. The spectra l character is t ics of speech samples are 

altered by the coart iculatory forces involved in p r o d u c i n g spectral 

var iat ions that caused Kers ta to conceive of a file c a rd sys tem. 

By f i l ing the spectrograms of two separate u t te rances of certain cue 

words for k n o w n speakers, i t was hoped that the effects of contextual 

var iat ion cou ld be min imized . The two specific spec t rogram of each word 

chosen for f i l ing cou ld be the two on h a n d that are j u d g e d v i sua l l y to be most 

d iss imi lar . Supposed ly , th is wou ld afford an examiner an ind icat ion of a 

speakers expected range of contextual ly caused va r i ab i l i t y for selected words. 

Kers ta conc luded that 4 or 5 samples of the same word w o u l d be sufficient to 

get a fairly good ind i ca t i on of a speaker 's range of var iab i l i t y . 
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This spectrogram f l ing system was also conceived as a popu la t i on 

reduct ion method that, when used in conjunct ion w i th a speaker 

c lassi f icat ion system, might serve to reduce a large speaker popu la t i on to a 

sma l l number o f "suspects" . The a i m wou ld then be to obta in add i t i ona l 

speech samples from the suspect speakers pr ior to m a k i n g further 

identi f ication decis ions. 

Because the abi l i ty of th is f i l l ing system to meet these a ims has not 

been tested, the present s tudy was designed. Its purpose were to determine 

whether the system cou ld - 1. M in im i z e the effects of contextual ly caused 

spectral var iat ion. 2. Serve as an effective absolute ident i f icat ion tool. 3. 

Serve as an effective popu la t ion r educ t i on tool. 

Subjects received t ra in ing to identify* u n k n o w n speakers from a 

populat ion o f 50 k n o w n speakers by first exc lud ing a l l k n o w n speakers they 

were certain of, and then at tempt ing absolute ident i f icat ion or e l iminat ion . 

Attempts were made under five exper imenta l condi t ions created by comb in ing 

two variables, phonet ic context a n d i n c l u s i o n o f the u n k n o w n speaker in the 

known speaker popula t ion . The da ta show that the system tested does not 

effectively reduce the effects of contex tua l var iat ion, and cannot be used for 

either absolute ident i f i ca t ion/e l iminat ion or popu la t i on reduct ion . The da ta 

suggest that the value of spectrograms for speaker ident i f icat ion purposes is 

l imited to use as a investigative a i d a n d then only i f speech samples are of 

s imi lar context a n d adequate d u r a t i o n are compared. 



The ability to identify talkers from monosyllables spoken in a context

was examined. Kersta's 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 experimental .

task (37.3%). The results were interpreted to indicate that different contexts

decrease the identification ability of observers because : a) The shorter

stimulus duration of words in context decreases the amount of acoustic

information available for matching, and b) The different spectrographic

portrayals introduced by different phonetic contexts outweigh any intra-

talker consistency.

Santen studied and gave a description of contextual factors affecting

duration.

Two natural speech data bases produced by male and female speakers

were analysed. Large quantity of data (50,000 manually measured segmental

duration) made it possible to perform a detailed analyses of the effects of

several contextual factors, including lexical stress, word accent, the identities

of adjacent segments, the syllabic structure of a word and proximity to a

syntactic boundary. Among the key results were the following : 1. The

contextual factors accounted for upto 90% of the variance, and reduced the

within vowel standard deviation by a factor of 3. 2. There were complex
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interactions between factors in particular between boundary proximity and

post vocalic consonant identity and between lexical stress and syllabic

word structure. 3. The effects of adjacent segments were reducible to the

effects of voicing and manner of production, effects of place of articulation

were negligible. 4. Proximity to a boundary should be measured in terms of

syllabic and segmental position, not in terms of the sum of the intrinsic

duration of segments between the target and the boundary.

Klattt (1974) used broad band spectrograms and the sonorant

consonants /w, r, 1, y/ observed in five sentences, which were read and

recorded on two separate occasions by 7 speakers. 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 allophones are similar in formant target

values to corresponding citation form data, though initial allophones have

somewhat less extreme formant targets than previous data would imply. In

unstressed syllables, sonorant segments were 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 segments in consonant cluster sequences. Speaker

differences in the implementation of optional word boundary and junctural

cues also have an effect on sonorant clusters.

Zue (1979) in order to assess the role of syntactic, semantic and

discourse knowledge in spectrogram reading recorded three short stories and

speech spectrograms were made of the individual sentences of each story.

49



50 

The stories were presented one at a t ime to an expert spectrographic reader 

who is ins t ruc ted to read each word story word-by-word wi thout wri t ing down 

segment labels . There were total ly 370 words a n d 612 (91%) were correctly 

identif ied. F u r t h e r analys is reveal that m a n y c o m m o n syl lables were 

immediate ly recognized as complete pat terns (eg. "ment", "tion") and the use of 

content to recognize words from par t i a l in format ion was evident in many 

cases. 

T h u s the review of l i terature shows that there are three major var iables 

related to (1) Speaker (2) T ransmiss i on a n d record ing (3) Procedures used in 

ana lys is a n d identi f icat ion. A m o n g the var iab les related to speaker, the 

temporal a n d spectra l aspect of speech has been found to be an important 

variable. Th i s var ies w i th in subject i.e., on repeated utterances show a 

variabil ity) a n d across the subjects. Fur ther , i t has been found that majority 

of the workers in the field of speaker ident i f i cat ion have used word durat ion , 

vowel du ra t i on , burs t dura t ion , c losure dura t i on , voice onset t ime, 

fundamenta l frequency, intensity, formant frequencies, t rans i t ion formants, 

etc. for the purpsoe of speaker ident i f icat ion. 

Therefore, it was flet that it w o u l d be use fu l tos tudy the inter-subject 

and intra-subject var iabi l i ty w i t h reference to the above parametrs. The 

present s tudy a lso provides the range of var iab i l i t y in terms of inter-subject 

and intra-subject var iabi l i ty . 
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C H A P T E R - III 

M E T H O D O L O G Y 

The s tudy was conducted to f ind out the var iab i l i t y in the measurement 

of the fol lowing parameters as they have been used in the process of voice 

identi f icat ion. 

Parameters studies were word dura t i on , vowel dura t i on , burst 

durat ion , lag VOT, c losure dura t i on , lead VOT, f r icat ion durat ion, 

fundamenta l frequency, intensity, formants: F 1 , F 2 , F 3 , F 4 formant transi t ions 

in terms of dura t i on extent and speed. 

Subjects: Five male subjects w i th age range between 20 - 30 years were 

selected. The m a i n cr i ter ia for selection being that a l l the subjects had 

norma l speech, voice and language and cou ld read E n g l i s h f luently. Subjects 

w i th low-pitched voice were preferred, as it wou ld easy to read spectrogram of 

voices wi th low p i t ch . 

Test Material: Test words considered for ana lys i s were embedded w i th in 

sentences. The fol lowing were used as test sentences. 

1. K n o c k eight t imes, keep the bag a n d go away. 

2. I w i l l ca l l y ou tonight a n d give y ou further in format ion. 

3. Come a n d meet me outside the hosp i ta l . 

4. Don' t come w i th any one else. 

5. At eight 'O ' c lock, come near the temple w i t h the money 

6. B r i n g a sui tcase w i th rupees eight l a k h s in it . 

7. Give the sui tcase to them 
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8. Pu t the money in a suitcase. 

The fol lowing words were chosen from these sentences - come', " and " 

"the", "w i th" , eight", "sui tcase" . 

Equipment: 

2. 

3. 

4. 

5. 

D ig i ta l tape recorder (Sony Dig i ta l Aud i o Tape Deck 

D T C - 59ES) 

Mic rophone (33 - 992 A) 

3 V S S - S S L software program was u s e d (voice and 

speech system - Bangalore) 

P C - 80 - 386 

D S P - Sonograph - Mode l 5500 (Kay Elemetrics) 

B lock diagram of the arrangement of i ns t ruments used for recording and 

analys is . 

Instructions: The subjects were requested to read the sentences one after the 

other after the exper imentor s ignals them to do so. The subjects were 

instructed to read the sentences in a na tu ra l way as for as poss ib le . 

Procedure: Before recording, the subjects were given the test sentences so as 

to familarize themselves w i th it. 

Dur ing the record ing sess ions, the d is tance between the speaker 's 

mouth and the microphone was kept constant i.e., s ix cms . from the m o u t h 

of the speaker. The test samples were collected from three sessions F i rs t 

session: E a c h subject was asked to read out the eight test sentences. Th i s 

was recorded. Th i s const i tuted of one sample . The same procedure was 

repeated and sample two was obta ined. S imi la r l y , a th i rd sample was also 

collected. Sess ion 2: The entire procedure used d u r i n g sess ion 1 is repeated 

1. 
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here after an interval of two days. Sess i on 3: the samples are recorded as 

ment ioned for sess ion one and sess ion two w i th an interval of two days after 

sess ion 2. 

The recorded speech was then transferred from the digital tape recorder 

onto the computer through the speech interface un i t (SIU) us ing the line-feed 

method. The s ignal from SIU was digi t ized at a samp l ing rate of 16 k H z 

us ing a twelve b i t analogue - d ig i ta l (A - D)and digi tal - analogue (D - A) 

convertor housed w i th in the computer . The software program "record" 

provided by voice and speech systems (VSS) was used . The digitized s ignals 

were stored on the ha rd disk of the compute r w i th i nd i v i dua l file names for 

each sample of 8 sentences. 

Us ing the program " d isp lay" of S S L (VSS), each sentence was d isp layed 

and the test words were segmented f rom the sentences. These were stored 

again as i nd i v i dua l files for further ana lys i s . These test words were selected 

from the midd le four sentences (out of each sample of eight sentences) leav ing 

the first two a n d last two sentences. The first two sentences were used as 

tr ials or carr ier sentences. This is t rue for a l l subjects. 

Thus , 18 samples of 6 test words (6 words x 3 t r ia ls for each subject 

were collected from the recordings of the first sess ion. The same procedure is 

carr ied out for a l l the subjects. 

Similarly, 18 samples of six test words for each subject for each 

samples recorded under session to and three were obtained. The vowels were analyzed and measured from the words 

ment ioned above. 

The words were analyzed for the fo l lowing parameters . 

1) Word dura t i on was defined as the t ime in mi l l i - seconds between the onset 

and offset of the phonemes of a word . The word dura t i on was marked from 

the beg inning of s tr iat ions to the end of the str iat ions as depicted in the figure 
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2) Vowel duration was defined as the time in mi l l i - seconds between the onset 

and of the vowel w i th in a word. As seen in the figure - B, the vowel dura t i on 

was measured from the beg inning of the occurrance of regular str iat ions to 

the end of regular str iat ions ind i ca t ing voca l fold v ib ra t i on . 

3) Burst Duration: Was defined as the time in mi l l i - seconds between the 

onset of sudden voice bursts t i l l i ts offset. The figure - C shows the dura t i on 

for the s ound "come" from the onset to release of the burs t . 

4) Voic onset time was defined as the time in mi l l i - seconds between the 

offset of the burs t of consonant to onset of vocal fold v ib ra t i on . The figure - D, 

depicts the interva l between release of the stop burs t a n d the appearance of 

periodic modu la t i on voicing) for the word "come". 

5) Closure Duration was defined the t ime in mi l l i - seconds from the offset of 

vocal fold v ib ra t i on to the burst . As seen from figure - E, the durat ion from 

the fading away of str iat ions to the bu r s t is measured as the c losure durat ion . 

6) Fricative Duration was defined the time in mi l l i - s econds between the 

onset and offset of str iat ions on the wave form. As s h o w n in figure - F, the 

vert ical s tr iat ions on the wave form indicate fr icat ion. 

7) Fundamental Frequency and Intensity : As d isp layed on the screen when 

the word was fed u s i n g the Inton program. 

8) Formant green signal (F1, F2, F3, F4 ) The first four formants (F 1, F 2 , F 3 , 

F4) for each vowel were measured from the spec t rogram disp lay w i th 

sect ioning on the screen of the computer . Formant f requency estimates were 

made by m e a s u r i n g the midpo in t o f the v is ib le d a r k b a n d s of energy 
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appropriate to the first four vowel resonances. The measurements were made 

at a comparat ive ly steady state por t ion of the vowel (Refere F igure - G). 

9) Formant Transition was defined as the change in formant partern 

typical ly associated w i th phonet ic boundary . These parameters were 

measured as shown in the figure - H. 

(a) Duration of formant transition was defined as t ime in mi l l i - seconds 

from the point the formant started r i s ing or fal l ing to the po int it s topped. 

(b) Extent of formant transition was defined as the d is tance for w h i c h the 

formant existed. 

(c) Speed of formant transition was obtained by d i v id ing the va lue obtained 

from formant t rans i t i on excurs i on by the value obta ined from the formant 

t ransi t ion dura t i on . 

The re l iabi l i ty of test ing was checked by r andomly select ing five words 

from the samples a n d ma tch ing the va lues w i th the prev ious ly obta ined ones. 

Us ing the def init ions presented above, the parameters : word dura t i on , 

vowel dura t i on , burs t dura t i on , voice onset t ime (VOT), l ead VOT, c losure 

durat ion , fr icat ion dura t ion , fundamenta l frequency, intensi ty , formant 

frequencies (F 1, F 2 , F 3 , F 4 ) and formant t rans i t ion in terms o f dura t i on , extent 

and speed were obta ined for each subject. 

The da ta collected was further subjected to s ta t i s t i ca l ana lys i s . 

Descript ive s tat is t ica l procedures were used for th i s purpose . The resu l ts 

have been d i scussed in the next chapter . 
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C H A P T E R - IV 

R E S U L T S AND DISCUSSION 

The purpose of th is study was to f ind out the i n t r a - subject and inter-

subject var iab i l i t y in terms of the fol lowing parameters . 

1. W o r d dura t ion 

2. Vowe l dura t ion 

3 . B u r s t durat ion 

4. Voice onset time 

5. C l osure durat ion 

6 . Lead V O T 

7. F r i ca t i on durat ion 

8. F u n d a m e n t a l frequency 

9. Intensity 

10. Fo rman t s F 1 , F 2 , F 3 , F 4 

11. T rans i t i on o f formants: Fo rmant t rans i t i on durat ion, 
extent of formant t rans i t i on , speed of formant 
t rans i t i on . 

Th is was done by spectrograph ana lys i s of repeated utterances of s ix 

words by five subjects . 

The fo l lowing words were considered to derive the above parameters: 

"come", "and" , "the", "with eight" a n d "suitcase" . 

Thus ana l ys i s of 270 test words in terms of 11 parameters yielded 

data wh i ch was further stat ist ical ly ana lysed . 
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The results are presented in terms o f INTRA S U B J E C T VARIABILITY and 

INTER S U B J E C T VARIABILITY. 

INTRA SUBJECT VARIABILITY : 

The in t ra subject var iab i l i ty i.e., the var iat ion in terms a par t i cu la r 

parameter was determined by m a k i n g a compar i s ion across the utterances of 

the subject unde r three condi t ions . For example for subject 1 compar i s i ons of 

Condi t ion 1 versus Cond i t i on 2, Cond i t i on 1 versus Cond i t i on 3 and 

Condi t ion 3 versus Cond i t i on 2, were made. The resul ts two or more of these 

compar isons were taken as the resul t for that par t i cu la r word i.e., whenever 

the signif icance of difference was present or absent for two or more 

compar is ions then it was cons idered that there was presence or absesnce of 

significance of difference in the ut terances of the subject for that par t i cu la r 

word. The resul ts of s u c h compars ions are presented in Tables 1 to , for 

each word for each of the parameters for a l l subjects s tud ied . 

Fur ther the presence or absence of signif icance of difference among the 

utterences of test words ( S i x words X 3 t imes X 3 condit ions) = 54 

utterances by each subject) was determined by cons ider ing the total n u m b e r 

of presences or absences of s igni f icance of differences for each 

subject,(presented w i th in the bracke ts w i t h each word for each subject) w h i c h 

is shown for each subject as total P/A. 
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W O R D S U B 1 S U B 2 S U B 3 S U B 4 S U B 5 R A N G E 

1 P P P a a 31.3-703.7 

(3) (3) (2) (2) (3) 

2 a a P P P 8.0-155 

(3) (3) (2) (2) (3) 

3 P P P P P 6.4-80.4 

(3) (3) (2) (2) (3) 

4 a P P P P 35.0-149 

(3) (3) (2) (2) (3) 

5 P P P P P 7.0-85 

(3) (3) (2) (2) (3) 

6 P a P P P 31.3-275.7 

(3) (3! (2) (2) (3) 

T o t a l P P P P P P 

P/A (12) (12) (12) (10) (15) (5) 

Table 1: Table showing the presence or absence of 
signif icance of difference between the utterences of each word 
by each subject for the W O R D D U R A T I O N 

The s tudy of Table - 1 ind icates the presence of significance of 

difference among the utterances in each condi t ion a n d across the condit ions. 

It can be seen that a l l the subjects have presence of s ignif icance of difference 

except on two ocass ions for subject 1 a n d two and once for subject 4. T h u s it 

c an be conc luded that there is s igni f icant differences in the utterances that 

the subjects made. Therefore one has to be careful while m a k i n g 

compar is ions of the same utterances whi le ident i fy ing the speakers. The 

m i n i m u m range of var ia t ion that was found for these subjects interms of word 

dura t i on was 6.4 msecs a n d the m a x i m u m was 703 msecs . for a l l that words. 
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Therefore the hypothesis stat ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms word du ra t i on is rejected. 

Vowel d u r a t i o n has been considered as one o f impor tant var iables used 

in speaker ident i f icat ion there i t was considered in the present s tudy to note 

the in t ra subject var iabi l i ty . The resul ts of c ompar i sons across the utterances 

of each subject for different vowels occur ing in different words are presented 

along w i th the range of var iat ion. The s tudy of Table -2 shows that there was 

signif icant difference across the vowels occur ing in different words interms of 

durat ion , in a l l subjects in most of the condi t ions . Therefore i t can be stated 

that the vowel dura t i on varies w i th in the subject 's ut terances . 

The m i n i m u m range of var iat ion that was found for these subjects 

interms of vowel dura t i on was 1.0 msec and the m a x i m u m was 76 msecs. for 

a l l the words. . 

WORD SUB1 SUB2 SUB3 SUB4 SUB5 RANGE 

1 P P a P a 3.3-70.2 

(3) (3) (3) (3) (3) 
2 P a a a P 9.0-56 

(3) (2) (2) (3) (3) 
3 P P P P P 22.4-76 .4 

(3) (3) (3) (3) (3) 
4 a P P P P 4.4-12.3 

(2) (3) (2) (2) (3) 
5 P P P P P 1.0-9 

(2) (2) (2) (2) (3) 
6 P P a P P 1.5-10.5 

(3) (2) (2) (2) (3) 

Total P P P P P P 
P/A (15) (14) (12) (12) (15) (5) 
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Table 2: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the V O W E L 
D U R A T I O N 

Therefore the hypothesis s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil i ty) in 

terms vowel dura t i on is rejected 

WORD SUB1 SUB 2 SUB3 SUB 4 SUB5 RANGE 

1 P a P P a 2 .5-11.5 

(3) (3) (3) (3) (3) 

2 P a a a P 9.0-56 

(3) (2) (2) (3) (3) 

3 P P P P P 2.0-8.5 

(3) (2) (3) (2) (3) 

4 a P a P P 2.6-9.5 

(3) (3) (3) (2) (3) 

5 P P P P a 1.0-9 

(2) (3) (2) (2) (2) 

6 P P P P a 2-69 

(2) (3) (3) (3) (2) 

Total P P P P P P 
P/A (13) (11) (11) (12) (9) (5) 

Table 3: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the B U R S T 
D U R A T I O N 

The s tudy of Table - 3 ind icates the presence of s igni f icance of 

difference among the utterances in each cond i t i on and across the condi t ions 

for burs t dura t i on . It can be seen that a l l the subjects have presence of 
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significarice of difference except on n ine ocass ions . T h u s it can be conc luded 

that there is s igni f icant differences in the utterances that the subjects made. 

Therefore one has to be careful wh i l e m a k i n g compar i s i ons of the same 

utterances whi le identi fying the speakers in terms of burs t durat ion . The 

m i n i m u m range of var iat ion that was found for these subjects in terms of 

burs t dura t ion was 1 msec a n d the m a x i m u m was 69 msecs for a l l that 

words. 

Therefore the hypothesis s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of burs t dura t i on is rejected. 

Closure dura t i on has been cons idered as one of important var iables 

used in speaker identi f icat ion there i t was considered in the present s tudy to 

note the in t ra subject var iabi l i ty . The resul ts of compar i sons across the 

utterances of each subject for different consonants occur ing in different words 

are presented a long w i th the range of var ia t i on . The s tudy of Table -4 shows 

that there was signi f icant difference across the c losure dura t i on of consonants 

occur ing in different words , in a l l subjects in most o f the condi t ions. 

Therefore i t c an be stated that the c losure dura t i on var ies w i th in the subject 's 

utterances. 

The m i n i m u m range of va r i a t i on that was found for these subjects 

interms of c losure dura t ion was 1.5 msecs a n d the m a x i m u m was 86.8 

msecs. for a l l that words for c losure dura t i on . 
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WORD SUB1 SUB2 SUB3 SUB4 SUB5 RANGE 

1 P P P A P 14.5-86.8 

(2) (2) (2) (2) (2) 

2 - - - - -

(0) (0) (0) (0) (0) 

3 * P a a P P 22.4-76.4 

(2) (3) (3) (3) (2) 

4 - - - - -

(0) (0) (0) (0) (0) 

5 P a P P P 6.7-77.3 

(2) (3) (2) (2) (3) 

6 a a P a P 1.5-10.5 

(2) (2) (2) (2) (2) 

Total P P P P P P 
P/A (15) (14) (12) (12) (15) (5) 

Table 4: Table showing the presence or absence of s ignif icance of difference 
between the utterences of each word by each subject for the C L O S U R E 
DURAT ION 

* the word C A S E was considered for th is purpose . 

Therefore the hypothesis s tat ing that there is no significance of 

difference between the utterances of the subject ( intra subject variability) in 

terms c losure dura t i on is rejected 

WORD SUB1 SUB 2 SUB 3 SUB 4 SUB 5 RANGE 

1 P P a P P 2.5-11.5 

(2) (2) (3) (3) (3) 

2 - - - - -

(0) (0) (0) (0) (0) 

3 P P P P P 3.5-44.3 

(2) (2) (3) (3) (2) 

4 a a P P P 63.5-132 
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(2) (3) (2) (3) (2) 

5 - - - - -

(0) (0) (0) (0) (0) 

6 a a P a P 2-29.5 

(2) (2) (3) (2! (3) 

Total P P P P P P 
P/A (12) (12) (12) (10) (15) (5) 

Table 5: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the V O I C E O N S E T 
T IME 

* Word 3 was w i t h and hence lead V O T has been cons idered a n d word 6 was 

case. 

The s tudy of Table - 5 ind icates the presence of signif icance of 

difference among the utterances in terms of voice onset t ime in each condi t ion 

and across the condi t ions . It c an be seen that a l l the subjects have presence 

of signif icance of difference except on s ix ocass ions out of 20 ocass ions for 

VOT. 

T h u s i t c a n be conc luded that there is s igni f icant differences in the 

utterances that the subjects made. Therefore one h a s to be careful whi le 

m a k i n g compar i s i ons of the same utterances whi le ident i fy ing the speakers. 

The m i n i m u m range of var iat ion that was found for these subjects interms of 

word dura t i on was 2msecs and the m a x i m u m was 135 msecs. for a l l the 

words considered for the measurement of VOT. 

Therefore the hypothesis s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil i ty) in 

terms of Voice Onset Time is rejected. 
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The fundamenta l frequency has been considered as one of important 

var iables used in speaker ident i f icat ion therefore i t was considered in the 

present study to note the in t ra subject var iabi l i ty . The resu l ts of compar isons 

across the utterances of each subject occur ing in different words are 

presented along w i th the range of var ia t ion . The s tudy of Table -6 shows that 

there was signif icant difference across the words in terms of mean 

fundamenta l frequency, in a l l subjects in most of the condi t ions . Therefore i t 

can be stated that the fundamenta l frequency var ies w i th in the subject 's 

utterances. 

The m i n i m u m range of var ia t i on that was found for these subjects 

interms of fundamenta l frequency was 2 Hz and the m a x i m u m was 89 Hz for 

a l l the words. 

WORD SUB1 SUB 2 SUB 3 SUB4 SUB5 RANGE 

1 P a P a P 14.-89 

(3) (2) (3) (2) (3) 

2 P P a a P 11-56 

(2) (2) (2) (2) (2) 

3 P P P a a 3 .5-44.3 

(2) (3) (3) (2) (2) 

4 P P P P P 33-82 

(2) (2) (2) (2) (2) 

5 a a a P P 11-52 

(2) (3) (2) (2) (2) 

6 P P P P a 2-43 

(3) (2) (2) (2) (3) 

7 P P P P P 15-61 

(2) (2) (2) (2) (2) 

Total P P P P P P 

P/A (15) (12) (14) (10) (12) (6) 
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Table 6: Table showing the presence or absence of s ignif icance of difference 
between the utterences of each word by each subject for the F U N D A M E N T A L 
F R E Q U E N C Y 

Therefore the hypothesis s ta t ing that there is no significance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of F u n d a m e n t a l frequency is rejected. 

WORD SUB1 SUB 2 SUB 3 SUB 4 SUB 5 RANGE 

1 a P a a P 9-13.2 

(2) (2) (3) (3) (2) 

2 P a a a P .5-16 

(3) (2) (2) (3) (3) 

3 P P P P P 0.4-19 

(3) (3) (2) (2) (3) 

4 P P P P P 1-2.8 

(2) (2) (2) (2) (3) 

5 P a P P P 3-13.5 

(3) (3) (2) (2) (2) 

6 P P P P P 5-13 

(2) (2) (3) (2) (3) 

7 P P P P P 2-17 

(2) (2) (3) (2) (2) 

Total 

P/A 
P 
(16) 

P 
(12) 

P 
(13) 

P 
(10) 

P 
(18) 

P 
(5) 

Table 7: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the INTENSITY 

The s tudy of Table - 7 ind ica tes the presence of signif icance of 

difference among the utterances in each cond i t i on a n d across the condi t ions 

IN T E R M S INTENSITY. It can be seen that a l l the subjects have presence of 
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signif icance of difference except on seven out of 35 ocass ions . Thus it can be 

conc luded that there is signif icant differences in the utterances that the 

subjects made. Therefore one has to be careful whi le m a k i n g compar is ions of 

the same utterances whi le identi fying the speakers . The m i n i m u m range of 

var iat ion that was found for these subjects in te rms of intensi ty was 0.4 db 

and the m a x i m u m was 19db for a l l the words . 

Therefore the hypothesis s tat ing that there is no significance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of intensi ty is rejected. 

The formant frequencies have been cons idered as one of the important 

var iables used in speaker ident i f icat ion therefore i t was considered in the 

present s tudy to note the in t ra subject var iab i l i ty . The resu l ts of compar isons 

across the utterances of each subject o ccur ing in different words are 

presented a long w i th the range of var ia t i on . The s tudy of Table -8 shows that 

there was s igni f icant difference across the words in te rms of formant frequency 

F1 , in a l l subjects in most of the condi t ions . Therefore it c an be stated that 

the formant frequency varies w i th in the subject 's ut terances . 

The m i n i m u m range of var ia t ion that was found for these subjects 

interms o f formant frequency F l was 9 .42Hz a n d the m a x i m u m was 975Hz 

for a l l the words . 

WORD SUBI SUB 2 SUB 3 SUB 4 SUB 5 RANGE 

1 P a P P P 9 .4-975 

(3) (3) (2) (3) (2) 

2 P P P a a 55-401 

(2) (3) (2) (2) (2) 
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3 P a a P P 70-360 .5 

(3) (2) (2) (2) (2) 

4 a a a P P 31-298 

(3) (3) (3) (3) (2) 

5 P a a a P 31-188 

(2) (3) (2) (2) (2) 

6 P a P a P 42 .5 -243 

(2) (2) (3) (2) (2) 

7 a P a P a 23 -165 

(2) (3) (2) (3) (2) 

Total P P P P P P 
P/A (13) (18) (10) (14) (12) (4) 

Table 8: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the F O R M A N T 
F R E Q U E N C Y F1 

Therefore the hypothes is s tat ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil i ty) in 

terms of Formant frequency F1 is rejected. 

WORD SUB1 SUB 2 SUB3 SUB4 SUB5 RANGE 

1 P P a P P 86 -1130 

(2) (2) (2) (2) (2) 

2 P a P P P 8-660 

(3) (3) (3) (2) (3) 

3 P P a a P 251-666 

(3) (2) (2) (2) (3) 

4 P P P P P 33 -612 

(3) (2) (2) (2) (2) 

5 P P P P P 118-1036 
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(3) (2) (2) (2) (2) 

6 P P P P P 32-573 

(3) (2) (3) (3) (2) 

7 P P P P P 86-840 

(3) (3) (2) (2) (2) 

Total P P P P P 
P/A (20) (13) (14) (14) (14) (7) 

Table 9: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the F O R M A N T 
F R E Q U E N C Y F 2 

The s tudy of Table - 9 ind icates the presence of signif icance of 

difference among the utterances in each cond i t ion a n d across the condi t ions. 

It can be seen that a l l the subjects have presence of s igni f icance of difference 

except on 31 out of 35 ocass ions . T h u s it c an be conc luded that there is 

signif icant differences in the utterances that the subjects made. Therefore one 

has to be careful whi le mak ing compar i s i ons of the same utterances whi le 

identi fying the speakers. The m i n i m u m range of va r ia t i on that was found for 

these subjects in terms of intensi ty was 8 HZ and the m a x i m u m was 1130 Hz 

for a l l the words . 

Therefore the hypothesis s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of formant frequency F2 is rejected. 

The resu l ts of compar isons of formant f requency F4 across the 

utterances o f each subject occur ing in different words are presented a long 

wi th the range of var iat ion. The s tudy of Table -10 shows that there was 
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signif icant difference across the words in terms of formant frequency F 3 , in a l l 

subjects in most of the condit ions. Therefore it c a n be stated that the formant 

frequency var ies w i th in the subject 's ut terances. 

The m i n i m u m range of var ia t ion that was found for these subjects 

interms o f formant frequency F3 was 15 Hz a n d the m a x i m u m was 1325 Hz 

for a l l the words . 

WORD SUB1 SUB 2 SUB3 SUB4 SUB5 RANGE 

1 P P P P P 469-622 

(2) (3) (3) (2) (2) 

2 P a P a P 55-1098 

(3) (2) (2) (3) (3) 

3 P P P P P 15-447 

(3) (2) (3) (3) (2) 

4 a P P P P 874 -1324 

(3) (2) (2) (2) (2) 

5 P P a P P 722 -1325 

(2) (3) (2) (2) (2) 

6 P P P P P 86-840 

(2) (3) (2) (3) (3) 

7 P P P P P. 31-631 

(2) (2) (2) (3) (3) 

Total P P P P P P 
P/A (14) (16) (14) (16) (17) (7) 

Table 10: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the F O R M A N T 
F R E Q U E N C Y F 3 
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Therefore the hypothes is s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of Formant frequency F3 is rejected. 

WORD SUB1 SUB 2 SUB3 SUB4 SUB 5 RANGE 

1 P P P a P 94-1726 

(2) (3) (2) (2) (3) 

2 P P a P P 73-76 

(2) (3) (2) (2) (3) 

3 a P P P P 23-745 

(2) (3) (2) (2) (2) 

4 a P P P P 94-972 

(3) (2) (2) (3) (2) 

5 P a P P P 1435-2847 

(2 (2) (2) (2) (3) 

6 P a P P P 232-1629 

(2) (2) (2) (2) (3) 

7 P a P P P 31-912 

(2) (2) (2) (2) (2) 

Total P P P P P P 
P/A (11) (14) (13) (14) (18) (7) 

Table 11:Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the F O R M A N T 
F R E Q U E N C Y F 4 

The s tudy of Table 11 ind icates the presence of signif icance of 

difference among the utterances in each condi t ion a n d across the condi t ions. 

It can be seen that a l l the subjects have presence of s igni f icance of difference 

except on 28 out of 35 ocass ions . T h u s i t c an be conc luded that there is 
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signif icant differences in the ut terances that the subjects made. Therefore one 

has to be careful whi le m a k i n g compar i s i ons of the same utterances whi le 

identi fying the speakers. The m i n i m u m range of var ia t ion that was found for 

these subjects interms o f intens i ty was 2 3 H Z and the m a x i m u m was 2 8 4 7 Hz 

for a l l the words. 

Therefore the hypothes is s ta t ing that there is no s igni f icance of 

difference between the utterances of the subject ( intra subject variabi l i ty) in 

terms of formant frequency F4 is rejected. 

The D U R A T I O N OF F O R M A N T TRANSTION has been considered as one 

o f important var iables used in speaker identi f icat ion therefore i t was 

considered in the present s tudy to note the in t ra subject var iab i l i ty . The 

results o f compar isons across the utterances o f each subject o ccur ing in 

different words are presented a long w i t h the range of var ia t i on . 

The s tudy of Table: 12 shows that there was s igni f icant difference 

across the words interms of du ra t i on of t ranst ion , in a l l subjects in most o f the 

condit ions. Therefore i t c an be stated that the dura t i on of formant t rans t i on 

varies w i th in the subject 's ut terances . 

The m i n i m u m range of va r ia t i on that was found for these subjects 

in terms o f dura t i on o f t rans t i on was 2msec and the m a x i m u m was 118msec 

for a l l the words. 

WORD SUB1 SUB2 SUB 3 SUB4 SUB5 RANGE 

1 P P P P a 12-51 

(2) (2) (2) (3) (3) 

2 a P P P P 9-50 

(2) (2) (3) (3) (3) 
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3 a P P P P 20-66 .3 

(3) (2) (2) (3) (2) 

4 a a P P P 2-48 

(3) (2) (3) (2) (3) 

5 a P a P P 22-102 

(2) (2) (2) (3) (3) 

6 P P a P P 73-118 

(9) (14) (14) (18) (16) 

7 P P P a P 10-70 

(2) (2) (3) (2) (3) 

Total P P P P P P 
P/A (15) (12) (14) (10) (12) (7) 

Table 12: Table showing the presence or absence of s igni f icance of difference 
between the utterences of each word by each subject for the D U R A T I O N OF 
F O R M A N T F R E Q U E N C Y 

Therefore the hypothesis stat ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of dura t i on of formant t ranst ion is rejected. 

WORD SUB1 SUB 2 SUB 3 SUB 4 SUB5 RANGE 

1 P P P P P 62 -486 

(2) (2) (3) (3) (2) 

2 P a P a P 126-638 

(3) (3) (3) (2) (3) 

3 P a P P P 313 -702 

(2) (3) (2) (3) (3) 

4 P P P P P 47 -588 

(2) (2) (2) (3) (3) 

5 a P a a P 32 -498 

(2) (3) (2) (2) (3) 

6 P P P a P 169-440 
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(3) (3) (2) (3) (2) 

7 P P P P P 31-431 

(2) (2) (3) (2) (2) 

Total P P P P P P 
P/A (16) (12) (13) (10) (18) (5) 

Table 13:Table showing the presence or absence of s ignif icance of difference 
between the utterences of each word by each subject for the extent of formant 
t ranst ion 

The s tudy of Table -13 ind i ca tes the presence of signif icance of 

difference among the utterances in each cond i t ion a n d across the condi t ions 

in terms of extent of formant transtion. I t c a n be seen that a l l the subjects 

have presence of significance of difference except on seven out of 35 ocass ions 

. T h u s it c an be concluded that there is s igni f icant differences in the 

utterances that the subjects made. Therefore one has to be careful whi le 

m a k i n g compar i s i ons of the same ut terances whi le identi fy ing the speakers. 

The m i n i m u m range of var iat ion that was found for these subjects in terms of 

intensi ty was 31msec and the m a x i m u m was 637 .6msec for a l l the words. 

Therefore the hypothesis s ta t ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of intensi ty is rejected. 

The S P E E D OF FORMANT T R A N S T I O N has been considered as one o f 

important var iab les used in speaker ident i f i ca t ion therefore i t was considered 

in the present s tudy to note the i n t r a subject var iab i l i ty . The resul ts of 

compar isons across the utterances o f each subject o ccur ing in different words 

are presented a long w i th the range of va r i a t i on . The s tudy of Table: 14 shows 
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that there was signif icant difference across the words interms ofspeed 

dura t ion of t rans t i on , in a l l subjects in most of the cond i t i ons . Therefore i t 

can be stated that the speed of formant t ranst ion var ies w i t h i n the subject's 

utterances. 

The m i n i m u m range of va r ia t i on that was f ound for these subjects 

interms of speed of t ranst ion was. 14msec and the m a x i m u m was 19.9msec 

for a l l the words . 

WORD SUB1 SUB2 SUB3 SUB4 SUB5 RANGE 

1 a P P P a .14-9.6 

(3) (2) (2) (2) (3) 

2 P P a P P 1-11.64 

(2) (2) (3) (2) (2) 

3 P P a P a 5.6-19.9 

(3) (2) (3) (2) (2) 

4 P P a P P .2-14.1 

(2) (3) (3) (2) (2) 

5 a P a P a .4-8 

(3) (3) (3) (2) (2) 

6 P P P P a 5.4-12 

(2) (3) (2) (2) (2) 

7 P P a P P .6-5.4 

(2) (3) (2) (2) (2) 

Total P P P P P P 
P/A (11) (13) (5) (14) (9) (7) 

Table 14: Table showing the presence or absence of s igni f icance of difference 

between the utterences o f each wo rd by each subject for the S P E E D OF 

F O R M A N T F R E Q U E N C Y 
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Therefore the hypothes is s tat ing that there is no signif icance of 

difference between the utterances of the subject ( intra subject variabil ity) in 

terms of S P E E D of formant t rans t i on is rejected. 
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INTER-SUBJECT VARIABILITY 

The var iab i l i t y ar is ing in different parameters among var ious 

subjects was ca lcu la ted . 

Once, the va lues for a l l the parameters were acquired the da t a 

was subjected to stat ist ical ana lys is . Descr ipt ive s tat is t i ca l procedure was 

implemented to f ind out the var iabihty among subjects. 

Fo r example : For the word "come" a l l the parameters were first 

obtained. Th i s was done for a l l subjects . Then, the va lues between the 

subjects were compared for each parameter in the fol lowing manner. 

1. Word dura t i on for the word "come" in subject 1 vs word durat ion for 

the word "come" in subject 2. 

2. Word dura t i on for the word "come" in subject 1 vs word durat ion for 

the word "come" in subject 3. 

S imi la r l y for the fol lowing: 

Subject 1 vs subject 4, 

Subject 1 vs subject 5 

Subject 2 vs subject 3 

Subject 2 vs subject 4 

Subject 2 vs subject 5 

Subject 3 vs subject 4 

Subject 3 vs subject 5 

Subject 4 vs subject 5 

The same procedure is carr ied out for a l l the other words wh ich were 

considered, i.e. 'and ' , "the", w i th ' , "eight", 'suit ' a n d 'case'. Other parameters 

were obta ined in a s imi la r fashion. 
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Also, the m i n i m u m and m a x i m u m var iab i l i t y poss ib le between the 

word for the same parameter was ca lcu la ted . 

As the objective of the s tudy is to note the var iab i l i ty , the results 

have been cons idered in terms of range a n d inter-subject only. However, 

da ta regard ing mean and s tandard dev iat ion are also presented. 

Table I: Parameter considered - Word duration 

Word: Come Mean S t anda rd deviat ion Range 

Subject 1 151.64 19.89 73 .25 

Subject 2 204.88 47 .99 128.027 

Subject 3 134.33 10.06 32 .30 

Subject 4 164.43 14.56 48 .00 

Subject 5 151.61 17.90 52 .13 

Word : A n d 

Subject 1 61.72 14.35 47 .50 

Subject 2 96.62 36 .11 116.40 

Subject 3 97.23 18.61 54 .00 

Subject 4 100.70 35 .48 119.50 

Subject 5 67.11 12.62 44 .00 

Word : The 

Subject 1 79.34 17.24 54 .00 

Subject 2 84.16 15.73 53 .15 

Subject 3 90.60 20 .09 67 .00 

Subject 4 67.97 8.69 26 .50 

Subject 5 78.72 2 2 . 6 3 72 .00 

Word : W i t h 

Subject 1 138.44 19.32 53 .00 

Subject 2 187.39 18.81 53 .20 

Subject 3 148.63 14.21 47 .00 

Subject 4 207.33 71 .49 221 .00 

Subject 5 142.94 3 1 . 1 3 106.00 

Word : eight 
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Subject 1 196.63 9.90 32 .00 

Subject 2 169.36 20 .43 65 .70 

Subject 3 151.21 15.19 44 .00 

Subject 4 170.44 13.05 35 .00 

Subject 5 167.21 24 .60 77 .60 

Word: Sui tcase 

Subject 1 593 .02 35 .03 122.00 

Subject 2 607 .42 74 .40 200 .00 

Subject 3 574 .64 67 .99 211 .65 

Subject 4 586 .67 65 .03 204 .00 

Subject 5 540 .71 70 .77 202 .40 

The s tudy of table I, shows that the lowest range (lowest value or 

the next to lowest va lue have been considered) of word dura t i on for a l l the 

words studied was shown by subject 1 in 4 out of 5 words . S imi lar ly , the 

highest var iabi l i ty , i.e. range was shown by subject 5. 

Thus , i t c a n be conc luded that the parameter word dura t i on seems to 

be a factor w h i c h var ies from i n d i v i d u a l to ind i v idua l . Therefore, it may be a 

useful parameter in speaker ident i f icat ion. Hence, the hypothes is that there 

is no signif icant difference across the subjects in terms of word dura t i on is 

rejected. 

Table II: Parameter considered - Vowel duration 

Word : Come M e a n S D Range 

Subject 1 63 .93 11.16 38 .00 

Subject 2 79 .74 17.50 47 .20 

Subject 3 42 .57 6.04 2 0 . 0 0 

Subject 4 60 .91 13.35 35 .00 

Subject 5 5 5 . 9 5 11.93 33 .00 



Word: A n d 

Subject 1 45 .80 12.73 40 .00 

Subject 2 59 .01 10.33 30 .50 

Subject 3 54 .60 11.27 36 .00 

Subject 4 67 .78 16.45 53 .00 

Subject 5 48 .91 9.93 34 .00 

Word : The 

Subject 1 62 .22 10.49 29 .00 

Subject 2 61 .44 14.40 47 .50 

Subject 3 66 .82 21 .12 76 .40 

Subject 4 54 .98 8.57 23 .20 

Subject 5 58 .22 15.67 42 .00 

Word: Wi th 

Subject 1 55 .87 6.62 20 .00 

Subject 2 62 .53 32 .43 107.00 

Subject 3 53 .54 11.55 32 .80 

Subject 4 61 .29 14.74 48 .00 

Subject 5 63 .22 31 .59 104.00 

Word : Eight 

Subject 1 133 .78 8.74 21 .00 

Subject 2 115.71 15.70 43 .00 

Subject 3 98 .00 16.84 58 .00 

Subject 4 117.11 21 .63 46 .00 

Subject 5 99 .04 26 .67 94 .40 

word suit 

Subject 1 91 .06 21 .62 56 .00 

Subject 2 87 .64 16.32 51 .50 

Subject 3 87 .76 10.22 24 .20 

Subject 4 8 7 . 7 6 10.22 24 .20 

Subject 5 73 .89 17.49 61 .50 
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The study of table II, shows that the lowest range a n d the highest range of 

var iabi l i ty for the parameter vowel dura t i on . 

Lowest range: 20 msec 

Highest range: 107 msec 

Thus , i t c a n be conc luded that the parameter vowel dura t i on seems to 

be a factor w h i c h varies cons iderably . Therefore, it may be a useful 

parameter in speaker identi f icat ion. Hence, the hypo thes i s that there is 

no signif icant difference across the subjects in te rms of vowel dura t ion is 

rejected. 

Table III: Parameter considered - Burst duration 

W o r d : Come M e a n S D Range 

Subjec t 1 9.03 1.86 6 .00 

Sub jec t 2 11.02 2.50 7 .50 

Sub jec t 3 6.84 2.50 11 .50 

Sub jec t 4 11.60 2.50 7 .50 

Sub jec t 5 9.64 2.50 7 .50 

W o r d : The 

Sub jec t 1 4.28 1.96 6 .00 

Subjec t 2 4.09 1.38 2 .01 

Subject 1 128.56 21 .05 58 .00 

Subject 2 137.28 15.58 3 8 . 0 0 

Sub jec t 3 122.74 22 .57 68 .00 

Subjec t 4 118.89 13.20 34 .00 

Subjec t 5 130.24 18.24 50 .00 

Word : Case 
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Subject 3 2.56 1.16 3.00 

Subject 4 2.56 1.16 3.00 

Subject 5 3.79 0.95 2 .50 

Word : W i th 

Subject 1 4.37 1.98 6.00 

Subject 2 7.13 2.51 8.50 

Subject 3 5.39 1.85 5.00 

Subject 4 5.06 1.95 5.50 

Subject 5 5.16 2.27 6.00 

Word : E ight 

Subject 1 4.76 1.91 5.50 

Subject 2 5.11 2.14 6.00 

Subject 3 6.73 2.82 8 .20 

Subject 4 4.57 1.37 4 .50 

Subject 5 4 .53 1.33 3 .50 

Word : Su i t 

Subject 1 5.24 1.06 3 .20 

Subject 2 5.86 3.42 10.70 

Subject 3 5.14 2.59 7.00 

Subject 4 3.83 1.02 3.00 

Subject 5 5.26 1.80 5.00 

Word : Case 

Subject 1 11.12 6.95 19.50 

Subject 2 11.12 6.65 22 .50 

Subject 3 6.94 4.30 12.50 

Subject 4 10.67 3.78 10.00 

Subject 5 8.26 3.65 10.00 

The s tudy of table III, shows that the lowest range and the highest 

range of var iab i l i ty for the parameter burs t dura t i on . 

Lowest range: 2.01 msec 

Highest range: 22 .50 msec 
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Thus , i t c a n be conc luded that the parameter burs t durat ion seems to 

be a factor w h i c h varies cons iderably . Therefore, it may be a useful 

parameter in speaker ident i f icat ion. Hence, the hypothes is that there is 

no signif icant difference across the subjects in terms of burs t dura t i on is 

rejected. 

Table IV: Parameter considered - Voice onset time 

Word : Come M e a n S D Range 

Subject 1 23 .30 3.17 11.70 

Subject 2 32 .38 4.33 12.30 

Subject 3 28 .40 4.47 14.00 

Subject 4 21 .48 3.67 11.00 

Subject 5 28 .18 4 .85 13.50 

Word : The 

Subject 1 10.01 3.16 9 .40 

Subject 2 9.91 2.92 9.00 

Subject 3 2 0 . 3 3 6.86 22 .00 

Subject 4 9 .36 1.69 5.10 

Subject 5 9.26 2.92 10.00 

Word : Case 

Subject 1 29 .38 4 .27 11.60 

Subject 2 38 .17 7 .95 26 .70 
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Subject 3 32 .50 2.83 10.00 

Subject 4 22 .13 2.70 7.50 

Subject 5 29 .94 5.81 19.50 

Parameter considered: Lead voice onset time 

Word : Wi th M e a n S D Range 

Subject 1 56 .68 7.25 24 .10 

Subject 2 92 .66 12.92 36 .70 

Subject 3 67 .49 16.69 56 .00 

Subject 4 102.51 27 .64 84 .60 

Subject 5 61 .36 8 .27 26 .00 

The s tudy of table IV, shows that the lowest range 

and the highest range of var iabi l i ty for the parameter voice 

onset t ime. 

Lowest range: 5.10 msec 

Highest range: 26 .70 msec 

The lead voice onset time was also i n c luded in th is table. The lowest 

range observed for the word 'w i th ' was 36 .70 a n d the highest was 84 .60 . 

Thus , i t c a n be conc luded that the parameter voice onset t ime seems 

to be a factor w h i c h varies cons iderably . Therefore, it may be a useful 

parameter in speaker identi f icat ion. Hence, the hypothes is that there is 

no s igni f icant difference across the subjects in te rms of voice onset t ime is 

rejected. 
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Table V: Parameter considered - Closure duration 

Word : Come M e a n S D Range 

Subject 1 65.11 9.86 3 1 . 5 0 

Subject 2 85 .56 26 .80 73 .20 

Subject 3 61 .68 9 .95 35 .80 

Subject 4 79.41 13.89 46 .00 

Subject 5 65 .56 9.85 28 .50 

Word : Eight 

Subject 1 57 .48 5.59 20 .00 

Subject 2 48 .03 6.64 20 .90 

Subject 3 45 .22 15.18 39 .00 

Subject 4 49 .56 12.72 42 .00 

Subject 5 58 .36 8.46 26 .80 

Word : Su i t 

Subject 1 61 .33 7.18 2 3 . 0 0 

Subject 2 68 .39 17.60 54 .00 

Subject 3 42 .83 3.24 10.00 

Subject 4 48 .44 6.95 19.00 

Subject 5 62.31 23 .09 77 .30 

Word : Case 

Subject 1 67 .24 7.26 24 .00 

Subject 2 54 .39 7.78 2 5 . 0 0 

Subject 3 62 .84 11.05 31 .50 

Subject 4 54 .83 7.46 22 .70 

Subject 5 62 .18 20 .79 52 .50 

The s tudy of table V, shows that the lowest range a n d the highest 

range of var iab i l i t y for the parameter c losure dura t i on . 

Lowest range: 10.00 msec 

Highest range: 73 .20 msec 
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Thus , i t c a n be conc luded that the parameter c losure dura t ion seems to 

be a factor w h i c h varies cons iderably . Therefore, it may be a use fu l 

parameter in speaker ident i f icat ion. Hence, the hypothes is that there is 

no signif icant difference across the subjects in terms of c losure dura t i on 

is rejected. 

Table VI: Parameter considered - Frication duration 

Word: Su i t M e a n S D Range 

Subject 1 93 .69 13.10 42 .00 

Subject 2 84 .58 15.13 52 .00 

Subject 3 87 .28 14.02 45 .00 

Subject 4 88 .39 12.44 38 .00 

Subject 5 89 .33 11.91 35 .00 

Word : Case 

Subject 1 103.42 10.22 31 .20 

Subject 2 128.61 45 .87 131.50 

Subject 3 125.93 25 .55 70 .50 

Subject 4 152.51 38 .72 125.00 

Subject 5 87 .87 31 .29 108.00 

The s tudy of table VI, shows that the lowest range and the highest 

range of var iab i l i t y for the parameter f r icat ion dura t i on . 

Lowest range: 31 .20 msec 

Highest range: 131.50 msec 

Thus , i t c a n be conc luded that the parameter fr icat ion du ra t i on 

seems to be a factor wh i ch var ies 
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considerably . Therefore, it may be a use fu l parameter in speaker 

identi f icat ion. Hence, the hypothesis that there is no signif icant difference 

across the subjects in terms of f r icat ion dura t i on is rejected. 

Table VII: Parameter considered - Fundamental frequency 

Word : Come M e a n S D Range 

Subject 1 119.00 2.81 9.00 

Subject 2 106.21 10.99 33 .80 

Subject 3 120.88 7.51 19.50 

Subject 4 123.97 14.43 45 .00 

Subject 5 125.17 12.28 36 .90 

Word : A n d 

Subject 1 111.22 7.36 24 .00 

Subject 2 104.17 12.75 33 .10 

Subject 3 115.97 7.45 26 .00 

Subject 4 118.22 4.76 12.00 

Subject 5 108.46 6.41 17.00 

Word : The 

Subject 1 112.89 10.60 31 .00 

Subject 2 95 .84 5.61 18.50 

Subject 3 99 .14 10.86 31 .60 

Subject 4 115.86 6.55 22 .00 

Subject 5 112.93 3.46 6.40 

Word : W i th 

Subject 1 119.22 9 .50 26 .00 

Subject 2 97 .14 8.44 21 .80 

Subject 3 95 .64 4.32 14.20 

Subject 4 114.22 11.32 36 .00 

Subject 5 114.89 9 .16 25 .00 

Word : Eight 

Subject 1 118.03 12.72 36 .00 

Subject 2 98 .40 6.66 19.50 
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Subject 3 108.56 8.59 24 .00 

Subject 4 114.33 7.18 23 .00 

Subject 5 115.88 7.46 2 6 . 0 0 

Word : Su i t 

Subject 1 112.00 8.47 2 2 . 0 0 

Subject 2 103.67 11.89 4 0 . 5 0 

Subject 3 111.94 12.62 4 4 . 0 0 

Subject 4 120.11 10.46 3 0 . 0 0 

Subject 5 113.78 11.26 34 .00 

Word : Case 

Subject 1 106.67 14.71 36 .00 

Subject 2 98 .17 8.84 24 .60 

Subject 3 107.86 16.40 53 .70 

Subject 4 116.44 13.31 4 5 . 0 0 

Subject 5 120.01 7.09 20 .10 

The s tudy of table VII, shows that the lowest range and the highest 

range of var iab i l i ty for the parameter fundamenta l frequency. 

Lowest range: 6.40 Hz 

Highest range: 53 .70 Hz 

Thus, i t c a n be conc luded that the parameter fundamenta l 

frequency seems to be a factor w h i c h varies cons iderab ly . Therefore, it may 

be a useful parameter in speaker ident i f icat ion. Hence , the hypothesis that 

there is no s igni f icant difference across the subjec ts in terms of 

fundamenta l frequency is rejected. 

Table VIII: Parameter considered - Intensity 

Word : Come M e a n S D Range 

Subject 1 48 .96 5.48 15 .94 

Subject 2 48 .81 2.56 7 .00 



Subject 3 51 .03 2.46 7.93 

Subject 4 49 .84 4.16 11.90 

Subject 5 45 .53 3.53 9.50 

Word : A n d 

Subject 1 45 .60 6.14 19.00 

Subject 2 45 .74 3.30 10.18 

Subject 3 46 .43 3.82 11.60 

Subject 4 49.11 2.62 7.00 

Subject 5 43 .63 7.57 24 .40 

Word : The 

Subject 1 46 .79 4.90 13.60 

Subject 2 46 .98 3.11 8.91 

Subject 3 52 .88 2.86 7.50 

Subject 4 50 .89 3.10 9.00 

Subject 5 45 .98 2.67 8.20 

Word : W i th 

Subject 1 43 .82 5.44 15.30 

Subject 2 47 .27 3.43 10.00 

Subject 3 46 .48 3.24 9.70 

Subject 4 47 .89 2.80 8.00 

Subject 5 43 .60 4.98 13.00 

Word : Eight 

Subject 1 49 .43 3.43 12.30 

Subject 2 49 .30 4.48 13.20 

Subject 3 48 .74 4.00 12.00 

Subject 4 47 .96 3.35 10.0 

Subject 5 46 .12 2.50 8.50 

Word : Su i t 

Subject 1 49 .10 3.86 11.00 

Subject 2 48 .99 4.20 13.00 

Subject 3 50 .22 3.74 13.00 

Subject 4 49 .30 3.43 12.30 

Subject 5 49 .22 2.24 7.00 

Word : Case 
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Subject 1 50 .28 3.49 17.00 

Subject 2 50 .72 3.64 11.40 

Subject 3 49 .54 5.08 16.00 

Subject 4 50 .33 2.29 6.00 

Subject 5 47 .83 3.26 9 .85 

The s tudy of table VIII, shows that the lowest range 

and the highest range of var iabi l i ty for the parameter 

intensity. 

Lowest range: 6.00 dB 

Highest range: 17.00 dB 

Thus , i t can be conc luded that the parameter intensity seems to 

be a factor w h i c h varies cons iderably . Therefore, it may be a use fu l 

parameter in speaker identi f icat ion. Hence, the hypothes is that there is 

no signi f icant difference across the subjects in terms of intensi ty is 

rejected. 

Table IX: Parameter considered - Formant frequency 1 (Fl) 

Word : Come M e a n S D Range 

Subject 1 655 .56 54 .01 157.00 

Subject 2 627 .58 61 .82 172.60 

Subject 3 636 .04 4 8 . 2 5 172.00 

Subject 4 614 .67 34 .04 111.00 

Subject 5 645 .28 24 .10 70 .50 

Word : A n d 

Subject 1 624 .56 4 9 . 8 3 157.00 

Subject 2 433 .87 43 .96 125.00 

Subject 3 626 .89 77 .89 252 .00 

Subject 4 673 .00 63 .76 182.00 

Subject 5 498 .67 37 .22 94 .00 
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Word: The 

Subject 1 539 .59 36 .77 123.70 

Subject 2 483 .18 38 .39 117.70 

Subject 3 592 .89 55.40 196 .00 

Subject 4 544 .67 38 .05 108.00 

Subject 5 640 .89 69 .47 258 .00 

Word: W i th 

Subject 1 471 .22 28 .73 94 .00 

Subject 2 447 .12 51.72 172.60 

Subject 3 446 .11 67.81 251 .00 

Subject 4 436 .78 34 .10 86 .00 

Subject 5 469 .72 81 .14 251 .00 

Word: Eight 

Subject 1 4 5 5 . 1 0 22 .69 70 .00 

Subject 2 436 .76 55 .33 141.00 

Subject 3 473 .56 50 .49 126.00 

Subject 4 433 .56 54 .67 188.00 

Subject 5 448 .96 47.02 141.00 

Word: Su i t 

Subject 2 371 .28 56 .95 188 .50 

Subject 3 389 .67 46 .86 146.00 

Subject 4 371 .11 40 .46 140 .00 

Subject 5 4 1 1 . 3 3 40 .20 134 .00 

Word : Case 

Subject 1 4 5 0 . 6 7 34 .90 94 .00 

Subject 2 4 1 0 . 3 6 50 .60 145 .00 

Subject 3 4 5 0 . 3 3 31 .22 97 .00 

Subject 4 4 3 0 . 0 0 30 .19 86 .00 

Subject 5 4 0 6 . 3 9 42 .64 134.00 
The s tudy of table IX, shows that the lowest rangeand the highest 

range of var iabi l i ty for the parameter formant frequency 1 (FI). 

Lowest range: 70 .00 Hz 

Highest range: 258 .00 Hz 



Thus, it c a n be concluded that the parameter formant frequency 1 (F) 

seems to be a factor which varies considerably. Therefore, it may be a 

useful parameter in speaker identif ication. Hence, the hypothesis that there 

is no signif icant difference across the subjects in terms of formant frequency 

1 (F1] is rejected. 

Table X: Parameter considered: Formant frequency 2 (F2) 

Word : Come Mean S D Range 

Subject 1 1237.06 141.44 197.00 

Subject 2 1349.26 110.70 376.00 

Subject 3 1083.33 67 .30 196.00 

Subject 4 1055.22 64.71 197.00 

Subject 5 1349.26 110.70 220.00 

Word : A n d 

Subject 1 1550.67 183.87 663.00 

Subject 2 1372.97 71 .42 506.00 

Subject 3 1276.89 71.42 220 .00 

Subject 4 1671.44 188.60 498 .00 

Subject 5 1671.11 134.78 352 .00 

Word : The 

Subject 1 1411.78 227 .82 666.00 

Subject 2 1497.54 79 .02 290.00 

Subject 3 1524.11 120.89 392.00 

Subject 4 1385.56 75 .96 204 .00 

Subject 5 1469.11 87 .57 236 .00 

Word : Wi th 

Subject 1 1706.56 98 .96 270.00 

Subject 2 1562.43 136.91 423 .00 

Subject 3 1779.33 189.91 691 .00 

Subject 4 1753.33 126.30 341 .00 

Subject 5 1570.44 73 .72 225 .00 

Word : Eight 
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Subject 1 1895.89 226.68 784.00 

Subject 2 1819.17 207.81 691 .00 

Subject 3 1947.56 171.13 564 .00 

Subject 4 2017.78 105.72 368 .00 

Subject 5 2170.67 129.32 471 .00 

Word : Su i t 

Subject 1 1237.06 141.44 502.00 

Subject 2 1349.26 110.70 376 .00 

Subject 3 1083.33 67.30 196.00 

Subject 4 1055.72 64.71 197.00 

Subject 5 1139.78 85.11 220 .00 

Word : Case 

Subject 1 1770.33 119.63 344 .00 

Subject 2 1720.67 196.08 659 .00 

Subject 3 1742.00 94.71 267 .00 

Subject 4 1805.11 88 .65 286.00 

Subject 5 1939.11 99.01 305 .00 

The s tudy of table X, shows that the lowest range and the highest 

range of var iabi l i ty for the parameter formant frequency 2 (F2). 

Lowest range: 196.00 Hz 

Highest range: 784.00 Hz 

Thus , it c a n be concluded that the parameter formant frequency 2 

(F2) seems to be a factor wh' ich varies considerably. Herefore, it may 

be a useful parameter in speaker identi f ication. Hence, the hypothesis that 

there is no signi f icant difference across the subjects in terms of formant 

frequency 2 (F2) is rejected. 

Table XI: Parameter considered - Formant frequency 3 (F3) 

Word : Come Mean SD Range 

Subject 1 2262.11 130.47 369 .00 

Subject 2 2400.69 151.42 471 .00 



Subject 3 2127.33 94 .87 282 .00 

Subject 4 2288.72 117.82 370 .00 

Subject 5 2350.22 164.14 471 .00 

Word : And 

Subject 1 2317.61 373.01 769 .00 

Subject 2 2520.29 310 .17 431 .00 

Subject 3 2259.89 110.34 361 .00 

Subject 4 2435.00 208 .76 532.00 

Subject 5 2693.56 159.11 431 .00 

Word : The 

Subject 1 2467.67 102.65 329 .00 

Subject 2 2492.02 65 .26 173.00 

Subject 3 2395.44 70 .56 212 .00 

Subject 4 3494.56 111.17 312 .00 

Subject 5 2568.67 128.54 321 .00 

Word : With 

Subject 1 2323.22 37 .10 125.00 

Subject 2 2380.98 85.16 288 .00 

Subject 3 2554.89 384 .24 1255.00 

Subject 4 2370.11 110.12 302 .00 

Subject 5 2603.89 68 .57 197.00 

Word : Eight 

Subject 1 2515.22 184.92 596 .00 

Subject 2 2486.39 126.05 408 .00 

Subject 3 2571.73 110.16 282 .00 

Subject 4 2530.00 114.91 345 .00 

Subject 5 2714.67 269 .70 886 .00 

Word : Su i t 

Subject 1 2163.67 177.43 659 .00 

Subject 2 2407.86 80.71 237 .00 

Subject 3 2146.11 80 .96 153.00 

Subject 4 2207.44 106.09 353 .00 

Subject 5 2377.00 166.09 462 .00 

Word : Case 
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Subject 1 2439.56 52.13 186.00 

Subject 2 2410.88 93.54 281.90 

Subject 3 2320.00 48.87 153.00 

Subject 4 2407.44 93.54 266 .00 

Subject 5 2469.78 85.28 251 .00 

The study of table XI , shows that the lowest range and the highest 

range of var iabi l i ty for the parameter formant frequency 3 (F3). 

Lowest range: 153.00 Hz 

Highest range: 886.00 Hz 

Thus, it c an be conc luded that the parameter formant frequency 3 (F3) 

seems to be a factor wh i ch varies considerably. Therefore, it may be a 

useful parameter in speaker identif ication. Hence, the hypothesis that there 

is no significant difference across the subjects in terms of formant frequency 

3 (F3) is rejected. 

Table XII: Parameter considered - Formant frequency 4 (F4) 

Word: Come Mean SD Range 

Subject 1 3295.87 214.70 650 .00 

Subject 2 3867.53 194.34 546.80 

Subject 3 3737.78 511.14 726 .00 

Subject 4 3279.56 298.11 859 .00 

Subject 5 3618.33 318 .78 879 .00 

Word: A n d 

Subject 1 3501 .33 202 .70 627 .00 

Subject 2 3743.76 527.68 102.00 

Subject 3 3416.11 198.60 749 .00 

Subject 4 3462.89 203.44 600 .00 

Subject 5 3456.78 297.18 847 .00 

Word: The 
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Subject 1 3433.00 254 .53 682 .00 

Subject 2 3671.60 141.15 345 .10 

Subject 3 3725.78 185.91 596.00 

Subject 4 3468.44 199.64 714.00 

Subject 5 3453.45 252 .80 675 .50 

Word : With 

Subject 1 3376.67 134.79 431 .00 

Subject 2 3789.68 195.16 564.50 

Subject 3 3852.11 196.07 680.00 

Subject 4 3535.78 166.22 503.00 

Subject 5 3965.00 133.91 474 .00 

Word: Eight 

Subject 1 3321.33 155.93 439 .00 

Subject 2 3715.14 297 .52 412 .00 

Subject 3 3754.00 193.06 627 .00 

Subject 4 3514.89 322 .55 879 .00 

Subject 5 3756.11 215 .58 753.00 

Word : Suit 

Subject 1 2878.89 224 .08 832 .00 

Subject 2 3465.39 328 .10 985 .00 

Subject 3 3300.00 146.67 502.00 

Subject 4 2892.56 100.08 337 .00 

Subject 5 3329.06 299 .48 941 .00 

Word : Case 

Subject 1 3539.89 115.59 338 .00 

Subject 2 3839.07 287 .36 847 .00 

Subject 3 3786.22 224 .92 659 .00 

Subject 4 3459.44 194.97 504.00 

Subject 5 3852.11 205 .93 526.00 

The s tudy of table XII, shows that the lowest range and the highest 

range of var iab ihty for the parameter formant frequency 4 (F4). 

Lowest range: 337.00 Hz 
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Highest range: 1102.00 Hz 

Thus, it c an be concluded that the parameter formant frequency 4 (F4) 

seems to be a factor wh i ch varies considerably. Therefore, it may be a 

useful parameter in speaker identif ication. Hence, the hypothesis that there 

is no significant difference across the subjects in terms of formant frequency 

4 (F4) is rejected. 

Table XIII: Parameter considered - Duration of forman transition 

Word : Come Mean SD Range 

Subject 1 45.44 10.31 29 .00 

Subject 2 59.00 12.04 36 .00 

Subject 3 37.22 5.21 15.00 

Subject 4 50.22 11.38 32 .00 

Subject 5 45.67 7.26 22 .00 

Word : A n d 

Subject 1 39.56 7.72 20 .00 

Subject 2 52.13 10.23 34 .00 

Subject 3 46.16 9.21 28 .60 

Subject 4 61.56 9.49 28 .00 

Subject 5 46.00 6.46 22 .00 

Word : The 

Subject 1 44.56 11.22 33 .00 

Subject 2 50.20 16.76 51 .20 

Subject 3 47.56 8.79 25 .00 

Subject 4 43.56 13.11 45 .00 

Subject 5 55.89 8.59 30 .00 

Word : Wi th 

Subject 1 46.22 7.64 23 .00 

Subject 2 40.78 14.42 58 .00 

Subject 3 40.11 10.80 33 .00 

Subject 4 49.89 18.32 59.00 

Subject 5 38.89 6.27 22 .00 
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Word : Eight 

Subject 1 87.22 32 .70 85 .00 

Subject 2 83.00 23.22 72 .00 

Subject 3 72.11 12.64 42 .00 

Subject 4 80.19 20 .95 62 .00 

Subject 5 91.89 12.46 40 .00 

Word : Sui t 

Subject 1 49.67 12.14 31 .00 

Subject 2 71.56 2.01 5.00 

Subject 3 64.67 10.11 31 .00 

Subject 4 56.78 6.18 20 .00 

Subject 5 52.83 11.92 32 .00 

Word : Case 

Subject 1 76.78 20 .92 70 .00 

Subject 2 95.44 16.61 60 .00 

Subject 3 84.89 18.00 60 .00 

Subject 4 72.67 9.91 30 .00 

Subject 5 78.67 9.06 26 .00 

The s tudy of table XIII, shows that the lowest range and the highest 

range of var iab ihty for the parameter dura t i on of formant transit ion. 

Lowest range: 5.00 msec 

Highest range: 85.00 msec 

Thus , it c a n be concluded that the parameter durat ion of formant 

transi t ion seems to be a factor which varies considerably . Therefore, it may 

be a useful parameter in speaker identi f icat ion. Hence, the hypothesis that 

there is no s igni f icant difference across the subjects in terms of durat ion of 

formant t rans i t i on is rejected. 



Table XTV: Parameter considered - Extent of formant transition 

Word: Come Mean S D Range 

Subject 1 508.11 125.57 376 .00 

Subject 2 503.68 128.15 376 .90 

Subject 3 407.33 87 .55 329 .00 

Subject 4 400.89 74.06 217.00 

Subject 5 477.66 84.16 251 .50 

Word : A n d 

Subject 1 552.72 113.00 376 .00 

Subject 2 510.70 142.76 322 .20 

Subject 3 464.67 145.02 439 .00 

Subject 4 730.00 105.10 329 .00 

Subject 5 602.11 122.99 377 .00 

Word : The 

Subject 1 356.11 137.09 488 .00 

Subject 2 499.38 128.20 377 .00 

Subject 3 479.11 194.85 627 .00 

Subject 4 382.39 71.78 217 .00 

Subject 5 510.11 46 .93 128.00 

Word : W i th 
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Subject 1 434.87 98 .34 222 .00 

Subject 2 569.81 92 .80 304 .90 

Subject 3 424.39 167.62 494 .00 

Subject 4 526.22 100.54 331 .00 

Subject 5 567.19 113.58 290 .00 

Word : Eight 

Subject 1 382.42 70.78 217 .00 

Subject 2 569.85 93 .20 304 .05 

Subject 3 602.12 122.95 377 .00 

Subject 4 510.12 46 .93 128.00 

Subject 5 424.37 98 .23 221 .00 

Subject 1 325.89 70 .84 251 .00 

Word : Sui t 

Subject 2 454.20 79 .72 281 .00 

Subject 3 340.22 67.41 211 .00 

Subject 4 310.11 71 .17 252 .00 

Subject 5 338.17 51 .54 157.00 

Word : Case 

Subject 1 401.44 121.26 314 .00 

Subject 2 479.50 93 .09 283 .00 
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The s tudy of table XIV, shows that the lowest range and the highest 

range of var iabi l i ty for the parameter extent of formant transi t ion. 

Lowest range: 125.50 msec 

Highest range: 627.00 msec 

Thus, it c an be concluded that the parameter extent of formant 

transi t ion seems to be a factor wh i ch varies considerably. Therefore, it may 

be a useful parameter in speaker identi f ication. Hence, the hypothesis that 

there is no signif icant difference across the subjects in terms of extent of 

formant t ransi t ion is rejected. 

Table XV: Parameter considered - Speed of formant transition 

Word: Come Mean S D Range 

Subject 1 11.32 1.87 5.70 

Subject 2 8.73 2.34 7.20 

Subject 3 11.15 2.40 7.57 

Subject 4 8.11 1.15 3.80 

Subject 5 10.80 3.36 10.18 

Word: A n d 

Subject 1 14.22 2.15 5.40 

Subject 2 10.00 3.00 9.52 

Subject 3 10.31 3.11 9.80 

Subject 4 11.82 0.95 3.00 

Subject 5 13.43 2.68 8.50 

Word: The 

Subject 1 8.48 2.56 8.90 

Subject 3 376.56 116.53 368.00 

Subject 4 363.44 95.76 372.00 

Subject 5 413.00 44.33 125.50 
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Subject 2 10.43 3.19 10.85 

Subject 3 11.80 5.25 16.40 

Subject 4 9.39 1.50 4.20 

Subject 5 10.26 2.83 9.40 

Word : Wi th 

Subject 1 9.44 1.63 4.90 

Subject 2 13.72 2.80 8.90 

Subject 3 14.12 8.84 6.30 

Subject 4 11.24 2.91 9.20 

Subject 5 14.71 3.01 7.80 

Word : Eight 

Subject 1 5.07 1.89 5.00 

Subject 2 7.66 2.36 5.80 

Subject 3 7.23 2.74 7.90 

Subject 4 5.47 1.09 3.20 

Subject 5 5.94 1.30 3.40 

Word : Sui t 

Subject 1 7.04 1.34 3.90 

Subject 2 6.04 0.32 1.00 

Subject 3 5.06 0.99 3.10 

Subject 4 5.70 1.44 4.00 

Subject 5 6.36 1.95 5.90 

Word : Case 

Subject 1 5.26 1.04 3.20 

Subject 2 5.07 0.84 2.60 

Subject 3 4.56 1.55 4.80 

Subject 4 5.02 1.41 4.60 

Subject 5 5.25 0.53 1.78 

The s tudy of table X V , shows that the lowest range and the highest 

range of var iab i l i ty for the parameter speed of formant transi t ion. 

Lowest range: 1.00 msec 

Highest range: 16.40 msec 
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Thus, it can be concluded that the parameter speed of formant 

transit ion seems to be a factor wh i ch varies considerably. Therefore, it may 

be a useful parameter in speaker identi f ication. Hence, the hypothesis that 

there is no signif icant difference across the subjects in terms of speed of 

formant t rans i t ion is rejected. 

The range of m i n i m u m an d m a x i m u m variabi l i ty for both inter-

subject and intra-subject variabihty withrespect to a l l the parameters 

considered for each word are summar i zed below. 

Parameters 
Intra-subject 
variabi l i ty 

Inter-subject 
variabi l i ty 

M i n Max M i n Max 

Word durat ion 6.4 msec 703 msec 26.50 msec 211.65 msec 

Vowel durat ion 1.0 msec 76 msec 20.00 msec 107.00 msec 

Burs t durat ion 1.0 msec 6.9 msec 2.01 msec 22.50 msec 

VOT 1.5 msec 87 msec 5.10 msec 26.70 msec 

Closure 2.0 msec 135 msec 10.00 msec 73.20 msec 

durat ion 

Fr icat ion - - 31.20 msec 137.50 msec 

durat ion 

FO 2.0 Hz 89 H z 6.40 Hz 53.70 Hz 

Intensity 0.4 dB 19 d B 6.00 dB 17.00 d B 

F1 9.4 Hz 975 H z 70.00 Hz 258.00 Hz 

F2 8.0 Hz 1130 Hz 196.00 Hz 784.00 Hz 

F3 15.0 Hz 1325 Hz 153.00 Hz 886.00 Hz 

F4 23.0 Hz 2847 Hz 337.00 Hz 1102.00 Hz 
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As seen from the above table, inter-subject var iabi l i ty is greater 

than intra-subject variabi l i ty for most of the parameters. 

La tha , J . (1987) had conducted a s imi lar s tudy based on analysis o f 

acoustic features. 

Words extracted from sentences were used . A total of 30 inter-speaker 

and four in t ra-speaker pairs nad one pa i r for test-retest reliabil ity were 

prepared. Three judges considered could identify the speakers correctly 

(95.5%). The acoust ic features found to be helpful in verifying the speakers 

in her study where overall clarity, total dura t ion of the word and durat ion 

of the i nd i v i dua l phonemes, frequency range of burs t , frequency range of 

noise, energy concentrat ion, voice onset time. 

S a m b u r (1973) measured the format s t ructure of vowels, the 

durat ion of cer ta in speech events, the dynamic behav iour of the formant 

contours, va r i ous aspects of the p i t ch contour throughout on utterance, 

formant bandwid ths , glottal source 'poles' a n d , pole a n d zero locations 

dur ing the produc t i on of nasals and str ident consonants. The 

measurements that were found most use ful were related to the nasals, 

certain vowel resonances, certain tempora l at tr ibutes and average 

fundamental frequency. 

Dura t i on 2.0 msec 118 msec 5.00 msec 85.00 msec 

Extent 31.0 msec 637 msec 125.50 msec 627.00msec 

Speed 0.14 msec 19.9 msec 1.00 msec 16.40 msec 
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As seen from the present study the parameters: word durat ion, vowel 

durat ion, burs t durat ion , voice onset time, closure durat ion, frication 

durat ion, fundamenta l frequency, intensity, formant frequencies F 1 , F2, F3, 

F 4 formant t rans i t ion in terms of durat ion , extent and speed are useful 

in the process of voice identif ication since significant differences in terms 

of intra-subject and inter- subject var iabi l i ty for a l l parameters have been 

seen. Therefore, they shou ld be used in the process of speaker 

identif ication. 
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C H A P T E R - V 

SUMMARY AND CONCLUSION 

Current ly , the field of speaker ident i f icat ion is fast gaining 

importance. Numerous research has been conducted , a l l w i th the aim of 

identifying speaker wi th the help of h is voice. 

The greatest need for this perhaps is in the field of Forensics Science. 

Voice pr int technology has not yet been accepted universal ly for 

acquitt ing a suspect. Identifying a speaker based jus t on his voice 

signature wou ld indeed be a much awaited breakthrough. 

Further , the use of voice identif ication procedures can be applied to 

various acts of life. Example: voice operated machinery , voice assisted 

cheque system at the banks , for security purposes , for production of 

synthetic speech, for identifying the presence of any disorder, etc. 

Bu t for a l l th is , a thorough knowledge of the parameters involved 

in voice identi f icat ion, namely - word dura t i on , vowel durat ion, burst 

durat ion, voice onset time, closure dura t i on , fr icat ion duration, 

fundamental frequency, intensity, formant frequencies F1, F2 , F3 , F4 

formant t rans i t i on in terms of durat ion, extent a n d speed, affecting it, 

changes seen due to age progression, differences seen between the 

sexes, contextual differences effects of attempts at d i sgu is ing voice, etc. is a 

must . So, s trong base regarding aspects of n o r m a l voice has to be built . 
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The current study is a imed at identifying the parameters wh ich 

remain reasonably constant on repeated measures and across subjects. 

Here, the speech samples were collected from five normal speakers. 

Three sessions wi th an interval of two days between them were considered to 

account for both in t ra - subject and inter-subject variabi l i ty. 

The samples were subjected to spectrographic analys is to obtain 

following parameters after wh i ch statist ical analysis was carried out to 

arrive at the f inal values. 

The parameters considered: 

1. Word durat ion 

2. Vowel durat ion 

3. Burs t durat ion 

4. Voice onset time 

5. Closure dura t ion 

6. Lead voice onset time 

7. Fr icat ion durat ion 

8. Fundamenta l frequency 

9. Intensity 

10. Formants F 1 , F 2 = , F 3 , F 4 . 

11. Transi t ion of formants: Formant transi t ion dura t ion , extent of 
formant t rans i t ion, speed of formant transi t ion 

RESULTS 

The range of m i n i m u m and m a x i m u m variabi l i ty for both inter-

subject and intra-subject var iabi l i ty w i th respect to a l l the parameters 

considered for each word are summar i zed below. 
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Intra-subject Inter-subj ect 
Parameters var iabi l i ty var iabi l i ty 

M i n M a x M i n Max 

Word durat ion 6.4 msec 703 msec 26.50 msec 211 .65 msec 

Vowel durat ion 1.0 msec 76 msec 20.00 msec 107.00 msec 

Burs t durat ion 1.0 msec 6.9 msec 2.01 msec 22 . 50 msec 

VOT 1.5 msec 87 msec 5.10 msec 26. 70 msec 

Closure 2.0 msec 135 msec 10.00 msec 73.20 msec 

durat ion 

Fr icat ion - - 31.20 msec 137.50 msec 

durat ion 

FO 2.0 Hz 89 Hz 6.40 Hz 53.70 Hz 

Intensity 0.4 dB 19 d B 6.00 d B 17.00 dB 

F l 9.4 Hz 975 Hz 70.00 Hz 258.00 Hz 

F2 8.0 Hz 1130 Hz 196.00 Hz 784.00 Hz 

F3 15.0 Hz 1325 Hz 153.00 Hz 886.00 Hz 

F4 23.0 Hz 2847 Hz 337 .00 Hz 1102.00 Hz 

Durat ion 2.0 msec 118 msec 5.00 msec 85.00 msec 

Extent 31.0 msec 637 msec 125.50 msec 627.00 msec 

Speed 0.14 msec 19.9 msec 1.00 msec 16.40 msec 

CONCLUSION 

There is a significant difference among the parameters when both 

inter- and intra-subject variabihty are considered. 

As seen from the table, inter-subject var iabihty is greater than intra-

subject variabihty for most of the parameters. 

Thus the hypothesis stat ing that the parameters involved in speaker 

identi f ication do not vary is rejected. 
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Recommendations 

1. The study cou ld be conducted on a larger populat ion. 

2. Only male subjects have been considered here. Studies involving 

both male a n d female subjects, the difference and the range of 

variabi l i ty between them could be conducted. 

3. Only subjects between age range of 20-30 years were considered 

here. 

4. Studies consider ing longer period of time between the in i t ia l and final 

recordings could be conducted. 
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