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Y4esl s71tM aod.11ji,t has bsoos of wine 
iapertwos in recant years for brlpixr our ,d rtai dt 
of the .ubtl.ti.s of t 	r speech *eohant, there are 
other fields also where these synthesis techniques have 
unchallenged oantrj tion. Srrg of the *odsUing acheass 
are grouped under three basic "wopt r of apth.ifitngs A 
rasenmoe or forisut technique, An articQistory tec)mi p►s 
and $peotma moping technique using pbyatoloØoat  psrasstera 
of speech process. 

?oft iyntbeaisari have ecu preferred Sutures 
over that of the artioulatory synthecisars, The recUsat ion 
of fog » vooil4rsct analogs used format s tbest*srs, 
need passive or sotie filter circuits connected in series or 
in parallel.. The probimes suooistsd with the *.0 filters 
are athisized. or re4us d If motive R.Cip Asp circuit. are 
need. A s y,, analog of vocal tract based on active filter 
representation of vsl tersants is desined sfld its rSon' 
*+sae* s ed aM cospered. The encouraging results obtained 
opens further, for doors for isproviasnt and extension of 
such sc'ha#s co as to generate more realistic synthetic speech. 

Ar*Idulstory techniques have their on advantages 
In the fast that they structurally preeunt the u te ri 
sngtosy and physiology of the vocal mechanism, Dignostic and 



vi. 

therapeutic studies can be *appleapntsd by the ti*t• 
on mob "igloo Speech czraetten therapy, artificial 
lard realisation and ou1 organ disorders are well 
and effectively $rested by studying the pertor.anee of 
this analsd under sinuistod oonditions. 

The vocal tart function dura phonstion much as 
vocal cavity racenaness, taut shape#  location and Wads of 
excitation 	analysed by taking the help of electrical 
circuits. 

Further work ions rsotio t imMacntation  
and cosplet. worker *d d. should see the near future 
with the synthetic speakers doinçt variety of Sobs Vii` 
tics aan'.asohins a ormseatton . by vo&oa to the hanring aids 
for the deaf. 
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1. ZRO1*1CTION 

1,1 	The sechaniss of voice production in the husaa 
vocal aystss has long been a focus of interest for amy 
different *tsei fn.s. Urlons approaches have been taken 
by investigators  in order to account for this seohanias, 
May theoretical aodelf provided a basis for elucidating  
th* p rsicel ream Of phonation in the vocal system& 
It 18 6 fart that # these models are still incomplete and 
uch improvement based on physiote4o i. investigations and 

anatomical structure has yet to be sads, The physiological  
inforattion related to this ohanism is considerably limited, 
One of the major Asan* for this lack of information has been 
the difficulty of observation, The iOcal organs are relatively 
in cessibl• without disturbance to their physiological 
f znotiant 1). In addition, since the rate of Its vibratory 
action per unit time Is considerably high* usual methods of 
observation do not provide the details of the activities of 
the vibrating structure 

1,2 	The human vocal $rot**# being a p1~io ,►USUO 
system, can be treated 	an acoustic tube appropriately 
+ oitsd as one and by putts of air (23. the volum of sir 

flow wht1;. passing through the tube excites the 	 live 
natural sodas of vibration (23, An acoustic signal, whish 
is a combination of a fin* structure, superimposed on the 
envelops of the transmission functIon of the tub## gets 
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radiated from the open end of the tube, The ssrodynasio4 
studies ctrried out on the acoustical analog of the 'ocal 
system rested in moue details about the phyeioloioe1 
parameters such as oubottal pressure, intreoral preeeur, 
Up impedance, the turbulence end periodic excitation,, eta., 
ato 3 « The tain &vwztage of this acoustic tube represents..  
tion i.e its motivation iOr realisation of electrical equivalent 
of the vocal system, 

1.3 	The first attempt for studying the feasibility of 
eleotrieel n 	rk representation of speech meobanisn 141 
was based on the noLede that, as the air in resonant 
cavities, it sited by series of ffe of air can Imitate 
the action of men vocal crus, so also electric smite, 
It excited to prcthzce audiofrequonoy oscillations by some 
means or the other, om be considered as a functional copy 
of the vocal organs, The phyeioio ioei„ anatomical, and  
structural details, that were available or 'awn at that 
time#  were so much insufficient that this electrical analog, 
even though,, was able to produce vovds and some simple words, 
wee far fron ire near to the actual "cel system, 

1 4 	The year 1939 had seen a real brea1 through in vocal 
system synthesis research, Uotemer Dudley and his associates (5) 
presented 'A Iynthetio rweOsr' at the 'flow York world's Fairs 
The'voder' a generio name attached to this synthesisar  

Incorporated several of the known features of the human Baal 
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1,5,1 	Articulatory techniques Consider the 	vocal 
tract as it sisustic tubs with tr s ssisn o rsoteristiOO 
similar to that of on electrical transmission line (2 • the 
transmission line is s s up of large number of ssstious, 
each representing a small leve of the '+cos , tract. the 
section may be a 's' or 'T'P configuration of lumped L- * 
pa stirs, the values of the pareters being functions  of 
the c n...s,*01ana ► spa at that point (1) • $, Waverly 
adjustingthe values corresponding to the tract configuration 
or geometry, typical of vowel, various sounds could be 
a cs , 

1,5.2 The mmol tit., when excited. from the glottal 
sourer, radiates sound yes, Vhich have a spectrum  
characterising the aeleotivs resonant nature Of the tit. 
By virtue of this characteristic  of the tract short time 
.n.rensitJssDsotXUfl of the transmitted sound waves 
pro 3set the peaks at lntervale, doided by the excitation 
frequency (6] • fig.2 shows the frequency band around n the 

peaks tors as 'torments'. The sodding technique, here, 
involves representation of each ferment by an electrical 
resonant circuit t 9) . In this owe there is no obvious 
correlation of the control signals with the srticu et ry 
movements ( fir) # the resat circuits repsating the 
torments may be connected in parallel or in series, This 
kind of meddling is referred to as 'T.rsi ►l ►Ansleg' 
synthssisisg iso ecce 

r 
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2. 000M APT' ?$T*XOLOG! OP VOCAL 01003 

2.1 Anstoay t 13) 
The sagittat view of the )s*an vocal system is 

shown in Yig 3 The sam parts s.re the lug,, branohil, 
t chew, 1.srys,r  vocal folds, phi, oral cavity, nasal 
cavity, toffs, v lu=,#  UPS and nostrils. the pts 
functions of those organs In humanbody are respiration and 
digestion* those **VMS are situated In the thorsoto cage, 
cervical cavity and it oral and nasal cavities. 

2.1.1 Trachea 

structurally#  trachea. the wind pi 	is a o il+a 
inous and asabranous tubs, about 11.12 as in length, 

continued downwards tics the loner part of the lsr; . It 
extends from the sixth cervical vertebra to the upper 
border of the fifth thoracic vertebra, The trachea to not 
quint oytindriesl, being flattened posteriorly. Its differ 
from fide to side U about 2 cwt in the o ►s *Aultand 1#5 an 
in the feast.. the franework of trachea to of iap.rtset risks 
of 'sine cartilage,  United by fibrous and unetrtppsd 
muscularssue. They are limned with succus asabrane, The 
cartilages very from 10 to 20 in nuaber, Z*oh to an isperfeot 
ring which occupies the anterior two thirds of the circumference 
of the trachea; behind,, where the Wags are deficient, the 
tub* is flat* the cart ,mgrs are placed one above- the other 
and separated by narrow intervals.. they a s sure 4 In depth 
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and I sa in thickness, Ts external suxtaofp ar coin r 
and highly sl to, The eartll%gas are eneloae4 in an 
elastic f b re+ss asitranrr i.hich o nsists of twe lays., 

2.1 *2 Iiarynz 
Tbhs lsryr is situated betwsu the root of the 

tongue and the trao1ea, at the upper and ant+rr*or part of 
the »øk, Above,, it opens into the laryngeal Part +sf the  
phi of which it forms the anterior wall # below it is 
continuous with the traeht►. In the adult male it is 
,situated opposite 3rd, 4th, 5th and 6th cervical verteb * 
Larynx ss►ussrss 44 me in lengths  43 ss in dl ste(trsnworss), 
36 se in ent*ropost.rtor diameter and 136 m in circumference. 
The skeletal traaaw*rk of the larynx  Is formed of *srtt2ag.s, 
which are connected by ligaments and membranes and are moved 
by numerous susslas. It Is lined with mucous e**braes*  

2.1,3 Cartilages 
The cart agar are nine in bort Thyroid 1, 

CriooU 10  Xpilott1.s it Rrytiwid  2,, Cun.itsrm 2, cornicUl ato 2. 

2.1.3.1 Thrid Cartilage  
The thyroid cartilage is the largest cartilag, Of 

the larynx, It consists of two lawIn" the anterior borders 
of which are fused at an angle in the ss lian Isns and torr s 
the laryngeal piosiaa s. X.z.diately above It#  the lar inae 
are aspirated by a V ahapsd match. The lasinar are irregularly 
quadrilateral In shape and their posterior angles are prolonged 
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into processes israsd the aporier and interior bouts, 
On the outer surface of  b ladna an oblique line runs 
downwards and forws rd. fran the *i cion thyroid tuberolo 
mob is situated a little infr+ f the root of superior 
bout, to the inferior  t"JA t*berole, The inner surface 
is DGth r above and behind it Is alightly oonosi. and 
covered with yrs seibrane, In front, in the .s4. famed 
by the motion of the lsoia*r* the thyroopiglottic liganent  
is sttseb (flg,4), and on esob aid* the vestibular and 
vocal lidaaimts. 

The upper border of sash lssinu is concave bold 
and convex rani # it gives atteebisent to the corresponding  
half of the thyroid  ubrsu., The lo.er border is concsve  
behind and nearly straight, infract, the tvo parts being 
separated by the interior gold tubmle. The anterior 
border is fused with that of the opposite i.antns forming

with it an angl, of about 900  in nate (about 120 in fe le) 
In sen, the greater iro1.otian of the laryngsal proainstoe, 
the greater lib of the oo fold* and the resultant 
deeper pitch of the vales are r U. associated with the o filer 
use of th. thyroid fie. On the aids l eurftos Of the 
posterior 'ort.rr s tower end, there Is a small over facet 
for artteulstion with the aide if the orieoid cartilage. 

2,1.3,2 Cri void C fila e 
The oriocid cartilage to a"JUr but thieker and 
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stronl.r than the thyroid oartilae. It is shaped like 
a sign*t••ring sad fats the lower parts of the anterior 
«ea lateral walls and meat of the posterior rwall of the 
larynx. The lama of the oricoid oartilsje is deep and 
broad, and asap".$ vertically from 2cs to es. The soh 
Is narrow infrost and cress ss vertically from 5 s i to 7=#  
but widens posteriorly as it approaches the 1asina. The 
lower border of the s oa cartilage is borsanpst and 
sonnest+el to the highest ring of the trachea by the criooi 
tracheal ligament,  'his upps ► border runs ebUgualy upwards 
as hsskwsrds. The User s irfsss is lined with **us 

WOO Arytencid Certil*g.sI 
The paired arytenoid cartlisgee are situated at the 

upper "order of the lama of the ortoold cartilage at the 
book of the lar c. Naar the ,afar of the cartilage there Is 
an elevation from whish a most curves at first bsokvardø 
and thou downwards and fames to the vocal process The 
Iowa part of this crest intervene "eta two  disp rsmion,, 
an upper triangular and #h. lower oblOng in ships f the upper 
give$ attachment tO the rfstt ].* r► ligaments, the lower to 
the voo iio. The medial sea sc• Is new, s+so►th,sn.d flat, 
It is soyszed with **cous membrane, The bass is concave ss 
presents a smooth surface for articnlstion with upper border 
of the hr am s of edeaid eartihegs. Its anterior angle or 
goose process is printed, it pxo3sst• ' oris ntsl] y forwards 



and ,djvo$ attachment t6 the +real ligaments. The spe  
e xrss biOkwa s and medially, and artioulats. with the 
cox ►.iCUlat0 eart .lmoo  

2, 1.3.4 coiculat. Cartilages: 
The 46=10ulsts ear #laws are two s fl senissi 

nodules at yellow okatss srrtilsi. whish artisulets with 
the OWWts of the srytssoid cs i?;s es and serve to prolonj 
them b kwards and sed sally. The cuneiform cartilepa are 
two shall sl 	turd s0s0 of ,yellow elastic cartilage, 
1soed one in each sry.pielottic fold#  where they dire rise 
to W t.isb elevantion. on the szrfsc. o f the s*sour► Ibrane  

just Ant" t of the eorn.toialste cartilage., 

2.1 ,4 *pi4ott ss 
The cartilage of the opi4ottis is a thin leaf.) tk ► 

lslsel.la of yellow ttbroc*rtflsge which ar3+ sts Obliquely 
ups " fid the tongue and the body of the hid bone  

and infront of the entrance to the lard. The sides of 
the epiglottis are attached to the arytenoid  cartilages 
by the ary.pi4ottic  folds of ,nous amOrmse The upper 

pert 99 the anterior irfaee of the epiglottis is free, 
and osysred with s ecus ss ebraito  

The esvity of the lsziu extends from the laryngeal 
inlet, by which it o amisat*s with the pharynx,  to the 

level of the lower border of The criooid cartilage, where  

it Is continuous with the cavity of thi trachea, It I* 
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divided into three pis by an upper mrd a lower pair 
folds Of Wacaua as.br n• which projects free the sides 
of the cavity into its interior,* T ► upper folds are 
concerned in the production of the vo oe.. 

2,1.3 Yoa4p]d 

The vocal told, are two shy folds of ascus 
00 MO which starch from the res of the thyroid 
certilegs at but Its ail. to the vows presrasrs of 
the arytonoid cartileges. They fore the latera, boundaries 
of ' 	, ,otti8i.' in Its snt.rior part and are intis►t.,y 
concerned in the production of the +aIs*# the rias.geittidis 
1u 1 	in lou h, 3 in depth and variabl, in width#  The 
mini ms and eaxiaze opening of 0 *nd 18 `. The vocal l,igasant 
which in continuous below with the lateral part of the 
oricavoesi x abrans consists of a band of yellow elastic 
tis., refuted on Its later aids, to the vocsi$.s aa 	so  

2,10 	*nath Cavity$ 
Thr mouth cavity Inc beaMed laterally and infront 

by the alveolar arch***  the teeth and is , ue bei It 
octiatniostee with the pb+ yA*  by a constricted appsrsture 
teread the oraphav n s l lit sazi. Its "of consi+ of hard 
mate and soft palate; while the rester part of the floor 
to forlsd by the anterior two thirds of the tabu*. 

2.1#7 Lips, Cheeks *to.: 
The lips are two fleshy fails which sumo the 
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orifice of the mouth,* The cheeks form a large part of 
the face and are continuous infront with the lips. The 
cheeks are composed of imieculer stratum and a le ap* 
quantity of tat, together With areolar tise e. The hard 
]slate is bounded infront tt at the 	d by t e 'elev " mr 
arches and gums,, behind It is OE fou, with the soft  
palate. The velum 1s a seat to the nasal tract durirn the 
non•naaslised vowels and some consonants. 

2.2 	yeiolo Wit* 

2.2,1 In t production  of speech sounds,, eli the or: ane 
and Iii tion b related w2os of a is ation, do 
take part* The ideas are orkthated in the brain. „eaare  

is iodated and Hein se aMs are sent to the related 

motor solea, zeoular aotivjtyesues. This results in 
mechanical dieaoemant of the vocal system Gro 	nt s so 
as to form typical 	'irc`ations and rslatve sition 
of the speech orpan e•  The nett re4t Is the generation of 
sound waves ieb are red lated from the mouth via the lips 
and nostrils. 

From the point o f view of zIainin the phyaioloy 
of speech roduetiou the vocal Systemis divided into three 
subsystems St w,ott , ln'G 	octal and subcottal egrets',. 
The suprslottal sy stem contains the pha meal, oral and 
nasal Oavities and the or .e located t r r .. The sub iottal 
syetei consists of thoraoio c a, 1 r s, brortoti, and tr ". &* 
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the Intra 1ottal systis Is the laryngeal savity nelviing 
the 	a1«-ago +d ~►, 

2 2. ' *tb4ottsl $yt.a s 
19*5 Illustrates the Aubglottal vyst a, The lungs 

are eo*iflt..3oss7 omoks whish are S113 ed with sir by the 
action of the thorsele MOles and the diapB 	, A sustained 
sir og re from the lung$ drives a steady air flow through  
ba able and traebss to the ria glottidi( 14) • The 'bronoti 
Samar S 	in 1+ 	1 td t 	ose.suotienal area of 4 20 
The** are the tubes of circular aeetion with a*cous isbrsne 
lined from Inside* the tubes are loamy and aasj,*it in 
name. the traøhss to a 12 on long bard Wiled tube *f 400 
cr0 seia.ctinal area, The repirstory susolee Inhibit the 
diaphrags, ate the 	l** of the abdesinal 	ntr t„ 
psbing up the r.lux.d di ad and thus ford air out 
of the therar to the Mduoted vooal lid cts,, The pressure 
of air to iS as sq. dura irsC. vocal effort, far the funotion 
of sub ottsl Sy an in husaxi speech production is to zpply 
con at sutupres sure air flow to the a.ohanioal..aooustiosl 
oscillator i.e., the vocal fold, 

There mrrr tees ways in Bch the air flow, sustained 
by the et sdy air pressure troa the longe, in converted Into 
an a0$sItIcs► signal having power components Mmuhout the 
sosuatilal frequency range '3 *1.Air pressure In the lung* 
elevated and forced through the vocal cord ortfics, causing  
it to vibrate. Ti.►e fate rue* flow producing quealperiodlo 
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breed epsotrus psle.s which *Sol*s the vocal tit. 9 *oh 
an excitation is a uired for voiced sounds *aoh as vowels, 
s.aivow of s and consonants, 2. A constriction is foLaed at 
sos. point In the vocal tract, manly in upper pert of 
ph ryTtcesl o vity,4ae to tongue 'hump position, air fro. 
.ubt ott*l system is "#6 through this constriction, 
creating turbulence. ?Ms is unvoiced excitation n.a es 
during friostive sound production. 3* A couplet. closure 
at thS lips is trot,, a tach pressure developed behind the 
closure#  this dr is suddenly released  relmed producingrive 
ammdo. 

2.2.3 ntre4ottd Systeul 
The intrs1ottal system contains the Racal forte 

and the sseooiated r Icuslory lits, 'Vola of air at 
.ub glottal pressure Is forced through the ,glottis opening 
which in turn starts vibrating, producing greying voluas 
v loOIty. The lengthener and shortening of the vocal cords,. 
resulting die to increas, or decrease in the connective 
U mss, to effected  'by the activatlon of the oricotbyroid. 
and v talis a►aoles. In the production of speash aunds the 
l gasente are sddu rd and reds to vibrate only for short 
period*,* 

Preparatory to phonation, the folds are adducted 
together with the arytenoid cartilages so that, both the 
laterseebranous end Intsrestflsgenous pis of the glottis 
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the glottis. The v+osal tract e*ossw•.eotional area varies 
between 0.05 and 1T **2# When the pair jSfs ntar the vocal 
tract the air cavities start resonating and the natural modes 
of vibration gets *zUUt.4. Thr length and the cros.u....ctiond 
area of the tit is web that there are the fund INatal 
resonant frequioj rs and higher bsrnonioe0  in the vibrations.. 
the first tar.. hsrenjo o ( eta) are pre+orinant in the 
speech output, So the Taction of the vocal tract to to 
nodulate the excitation signal web as to generate so 
spectra me n 	acoustical. . power all throughout the audio. 
frequency *an#* (upto `x50O No) j 16] . 

When thy voosi tract above the glottis is constricted 
to rich a value that the oritiesi Reynault number tow the air 

r.** is exceeded, instability Sn the airflow r►rsit. 117).  
Thus instability is the *me* of turbulence. This turbulence 
at the point of constriction Is the 	0* of citation 
listed at nusbsr ter on page 15. the ado* velocity uctus-
t ono in the flow Baan act as a source of sound and the sound 
generated In this nanner is called the tarbuisncs noise. if 
the noise is prodused near a oon*triction Shove the glottis, 
It i9 caged as frication noise. Vol" generated at or near 
glottal constriction to tamed sspiration noise. The constrioa. 
ti en Amo, at which ti*rbUlanos is gensratsd, is In the range 
of 0005 + a2  to 0.2 Owl. Above 0.2 ash  the sonstriotion do not 
contribute for turtalanse gyration. the turbulence source 
is rpatSaUy distribsted, 'bet generally can be located at or 
18041001,T dornstran of the closure t 10). 
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s** s eirsi eLLperpoeed on the d.c air flows Theo s.o 
variations are of the order of 100.300 !Te in male. 

The cords be Ln to open from underneath, (when got 
Into vibration), the opening  b asin upward with on 
outward u,foldInr of the cords, The lower portion is 4o 
first to close. Thus there Is a vertical, variation in the 
phaae of the cord røtion. T!orisontafly the openinç aloe' the 
length of the cords may also hays a phase dLe ,00.ment,, If 
the cycle  of cordmovement Is obex red one sees that the twe 
substantiall ► closed aonfi , r tions *over a t ioh 'Ione" 
fraction of the t e( i ;..6), Thity ratio being 0.6,E The 
eeosptflF air throuph the f4lottis has velocity In the rani* 
of 20 to 200 0143  eeo. 

2.2.4 	a Lotts , S tem* 
The j*zlsstin air stream from the glottis enters 

the vocal tract The vocal trot is an it efplar y 01haw, 
yielding wall tube,ters4nated by the vocal ods at the 

..ower end and the lips at the upper end t 15J . The total 
length of the tube Is 17 cm, whole of the tit length gets 
divided Into two a tions„ called the vocal► cavities, by the 
constriction created due to oe1tIoning of the hump of tomo 
at the Upper part of pbsrjm, The geometry of the ^. ►t 
varies with the position of tox e#  lips and the Saar ooni'i 
purstion. there is 	 adjustable ooutin ~ 'between the vocal 
tract d the nasal tract at a distance of a to 10 ops from 
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Instead of partial cloere of the tract at ssar 
point, by oroating a constriatiou, if the tract is closed 
at sats paint aaffieisst Y high p`ss*srr is built up behind 
the closure (19)„ A sudden release of. this pressers causes 
$ transient ezoitetisn of the Vocal trust which rests in 
• sudden onset of sass, I ' the vocal  cords are not vibrating  
during the closur, the onset is prece d by a silence. If the 
vocal cords are vibrates during the pressure build• sp the 
seth onset is pr rced+ d by l+ w level sound, These sounds wo 
the voiceless andvoiced stop consonants rsspecttvel , 

The a +rs three s cit&gars considered produce na 
nasal, sounds as well as nasal n►nds, While constdciimg the 
nasal sounds it Is observed that the velar positions itself 
in such a wey that the nasal tract gets eou .sd with the 
vocal tract, The nasal tract is a chamberof 12*5 an In 
length and varying eras* sectional area. the nasal cavity 
volume is 60 00% The nasal tit 10 dally divided wh.s 
the two nostrils terainato (203. Thr*+* two 	ti ns are 
inr isnt in cans section# the posterior pert of the ohsbsr 
i.r the nae phsry is of varying eross'sr Ovation, As the 
value 1w lowered, the ares. do area of the posterior 
part lacrosse., thereby increasing the acoustical coupling 
between n the vacs, tract and saw. cavities. Anterior to the 
nssophizysr, the ore so-seat 	area changes sari slowly and 
within a seab narrower range* Paos.ding further tames 
anterior saw port vi roach regions w s* areas ream 
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relatively invariant. The variable oroeseeotiona3. area, 
of the nasal tract 1a Of 3cm length and varies b*tw een 
0.05 and 5.0 cm2. The ximam ore esuseotional area lying 
above fta 'qh r 	IS of the order of JO 0=2  t21),  The 
relatively constant  a oa region to of 2,6 cm2, The anterior 
nasal 'ort may very between 0*4 and 2.0 ems, T during 
nasal sound generation the vocal tract gets acoustically 
cou *A to the naaal tract andoral tract. The radiation is 
via the nostrio beemso, the oral , tit Ic aloes. 

It Is seen that the conf&nrstion of the mal tract 
gets controlledby the tone ?mpcanstriotion and ►e acoustics 
oou ,Ung; t ne to mum ad3uet nt, ositione of Jaw and Ups 
also contribute to the controlling of the shape of the tit 
dui phonation. The oral cavity foams between the lips 
and the anterior pert of the tonp a bnp aonatriation,, is a 
resonant obaThDer. The extreme values of the oral tract area 
are 0.9 cm2  and 5.0 +CM2  and the length of the oral mat to 
about 8 to 10 os The mouth opening take up various COnSI w 

ruz'atton for various sounds, It is 	imom when / in 
educed and in to" when / ',b/ are produced,  !' be excitation 
source to located in the oral cavity for the stop consonant 
generatin, The articulation of the oral cavity Is effected 
by the pert#cipation of the oral sdiee. They consist of 
mnecle of the data, tonue, floor of math, *hos s*  lips 
and J . 

The sound 	 ee . i&tW from the lips and nostrils 
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to the st*o.phir* sre the sp+ .eb signals, Sn the audia- 
h of fr.qu.noy, which rsa h to the ears of the listener* 

?h. ear then end *v the signs t, erivss the desired 
asters and o*rL*s the oh*raot.rising psrsters to the 
brain for peroe$ion. 
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This oba.rvatbm leads us to think of the vocal 
t►raet 42 an Mousti• tube with selective roommee prepirtyf 
wbiob is ez•&turd at o ► ends  such that the output fro* the 

xt** exhibits the selective resonances. This ftlt.rin  
feature of the tract is a tiss vsryth property of the tit*  
$ow as seen al"Wo  the vocal tract is + xcit d by three 
dtffernt sources depending upon the type of tend to be 
produced we will study the spentzgrsph so as to know amt 
the , a+ a s f s W of these maces. Tb. 7i,8 sb wa she 
neo 'three  basic types of sounds derated in bu*sn voce 
systen, whieb +ate$ to the fricatives  2 . stop or pisusives end 

voiced, A cereful look at the figure g1vs. the folly 
iorsetn, 

3,3 Vocal Zxcitstieni 
The distinctively different nature of wavefors is 

pbyttoloç4oslly r+ sed to the OWNUIR  uaitstion, The vocal. 
tract being the isis, it to but evident that the difference 
in weveIhspes is asinly due to the premie of different 
*001+0600a sources. These +or*** are turned on sad turned off 
at various tiaras as Is evident fros the buret#  silence and 
4 	in the wave 	, 

3*3.1 Totowa *zet ationX 
Pros the wsvefera of iig,, vs will tea up first, 

the voiced eoud fur v wsl /I/. As 1r already dl sewe d th• 
voiced, souM• bars no excitation,, the vasa velocity at the 
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VoO.l eards. The presence of foraints indicate that the vowels 
and other voiced sound* passers ba vwntc spectra f 233 M The 
di.gay of hsz* n1c spectra in the way. Is 3ndloatiys of 
qussi.psriodio nature, Thus the excitation source for 
voiced sounds is a qussip rrlodio puLsivo rye grater and 
this finding to in acrdsnoe with the physiological studios*  
This fine structure originates from the opening and closing 
mw*wnt. of the vocal cards periodically sodulating the 
values of the exb sd air during pbonati#n at a rats of PORX, 
which 3r the voice ttadssentaa frequency or ' :toh', The 
tin* variation of "is the physical, basis of intonstion. 

Iro* the above we will be able to put the acousti* 
theory of voiced sound g.n.r*tion., The train of *ico usive 
air puree eserging :;eta the vibrating 4ottie 10 the primary 
source of voiced gid, The sir oavitles within the vocal 
to act oat as a *zltirsonent filter on the tranesitted sound. 
and isprees upon It a sorrespoMing fa►rsant rtrLlOtuxe *ups 
ispo sed on the hr 	is tine sty t r (6]# The three foram 
fre encie s 110  1 and 1, are the min detarsinants of the 
phonetic quality et* vowel,* 

The resonance frequencies  of the vocal tract very sore 
or less osutin ously some* the often sharply tip localised 
breaks In the spectrographic picture. Snob breaks say Indicate 
shifts frer voice, to notes source or dice vera, Bash position 
of the artioui.tery organs has its specific ` ere t-patt.rn (16) . 
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In general, the continues olssent s of spy ech are 
due to the continuity of the position of the articulators, 
The discrete breaks are asinly due to a shift 	nor of 
produstienr that lea change in tit at source, or a radical 
Change in the a+ 3 resonator system through •b the 
sound is ;psolusad, 

3.3.2 Voiced + Priestiveej 

Com to the stop couaonant, I 1. '! a ga rs fora. ixd tastes 
tis features 123) $ Coolusion end burst, Tb. burst may be sPtit 
up into three siosessivo and 'fly overlapping ptasss, the 
oz A o sio . transients, a short frLoativs and an " ssund. 

Thus fros the spectrograph and the spss*h va if 
folIawing parameters are +ss raotsd by visual observations or 
from , MW analytical ut ut the various sound generation 
asohanisr and physiol,o ► can b's 'sxQ,+ ,.d. The pereas s are 
1. Duration, 2. Intensity, 3. Voice fundamental ental ; gs+ancy, 
4. Fort frequency, 5, Paa%snt structUre, and 6. Ping 
structure. 

3.3.3 Fricative (tur'bulsnoeH  
nop consonants and voiced sounds are discussed above 

and the ieativos or. taken up in the following discussion. 
Looking at the waveform : or the wmd p I sl 0 it is a quasi-- 
rondos ter of response. The spectrum is continuous rather 
than a di Motets ons as is vowel generation. The quui~►raandoa 
and ontisuou spectrum feature o f the fricatives indicate that# 
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the a+ous#io source of **oh sownd generation trust be a 
rias noise generator with broad band energy distribution, 
This is characteristic of a turbulence noise at the oonstri~» 
otion in the vocal tract, The noise so of Mir be located 
anywhere in the tract,, Yros the waveform of the sound I *I 
it it again• observed that the cLt*t n spectrus is 
relatively uniform. Unlike that of the vocal cord Source, 
the energy is contlnuotad.y 61 strx ted with random phase 
components rather the basad concentrated at discrete 
frequencies (6]. 

The trana+t source (+s in stop consonant gausratton) 
s ozi*atss stop function of in.esure with Its oonssuent 
- 6 per octais energy spectrum0 bu it is noradly followed  
by a period of turbulence at the.acs where the dosors to 
r id and It is 4iffioult to separate the effects of these 
two sources. 

This acoustic theory of speech thus serves two purposes, 
it ecp►ain the speech production seohenise and sisoltsnsouaiy 
gathers information as regards to the passible rut isetion of 
the hem analog., The ueoustie nature r r .e the tort 
structure of sPeech ter. On this lbr int information the 
farsent .y'ntbesisers are oonstruotedd and a now field gets 

opened in vocal system syntheaising t niqus.. 



4. SY 	8X 1 I tC IMS 

4.1 Xntrod etion s 

The vocal a7stss Sar producing speech can be viewed 
as a two Port syst** fray the point of view of network 
sth. s (Pig.9), the vocal tract ►ing eit.d fro. the 
4o tta source at one ad,, haw a response observed at the 
other .fld, which is the speech output. Yocel treat has a 
transfer ;emotion, much that, the convolution of this function 
with the, excitation function ru4t. in the speech wi.e output. . 

s(t) a (g 0  b) , 	whar, g( t) a ezoitation .fumtion 
h(t) * transfer function of 

cal treat 
and s(t) the speech output 

This Unear s *tion of the voeal edea and the sound 
sources is possible ase of relatively Bost interaction 
between thea (9). Yvon the acoustIc theory at speech generation 
it was ebsirved that the vocal tract is a tlse'vairyIng filter. 
The ties variation faa ra is vid t .tis the articulatory 
woveacats rotated with the acoustic  grater variation. In 
this form e of linear *arabls epproxisatlon of the vocal System 
and source, the .individual acoustic properties  can be Done-► 
aiantly exasined as discussed earlier. 

JbdeUing of the vocal system requires dUPM100ion of 
the natural details in vocal  excitation information, the 
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txsn fission characteristics of the vocasl treat and rediattin 
characteristic • of the mouth opening (2], The necessity of 
contret parameters arises from the continuously ting 
characteristics of the sy srtaa during continuous sp a 'h 
generation, D.pend 	upon the tar iqu. of aesthesis utilized 
the nature of control parameters vim, Ther* are three main 
tacktigasz of vocal l 	tem synthesis vetch are deisribed below,*  

4.2 Resonance Synthesizers 

4.2.1 Introductions # 

It was seen that the sots signals, Som the S,ottal. 

vibrations or turbulyes in the vocal. tract at constriction 
and transient excitation at end during complete closure OS 
the root, get  sodulated. by the natural rw •s of vibration of 
the vocal cavities - the forts.. The first three torts 
decide* the quality of sound generated. Th. natural frequency 
of oscillation (the, resonance frequency), the bandwidth and 
the d level of each ferment cots msni*ilate4 depeMing UPon 
which vowel, or frtesti or stop eon ant Is to be gs rat , 24 , 
The adjustment of foraartt positions is possibl, by the articu- 
latoryr sovesaste which in turn M.ust the dia+oa tope of the 
vocal cavities (15] , The system is made up of three cavities, 
who se adjustments decides the Ebrsant parameters. These bthg  
the throat or pharyngeal cavity„ the mouth or oral cavity and 
the nasal cavity,, 

4.2.2 !heor 
TOO&I tract to as acoustic filter of isles" iT, resonance 
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property. To represent the three wain ! foraezti it is 
therefore ns cennar'y to oonsik er the vocal tract as a 
series or parallel oolbinstIon of electrical filter* or 
resort oixe jts (910 Bach filter app=Ju Lely sil•ating  
the foraent er the natural mad* of vibration of the voesi 
+ °3b ►s. 

 
Th risonanos synthesis 	is a "te lz4--analog' 

of the vocal system* by the term terminal analog It is m'eant, 
that, the analog box no physical quivalsnee with the actual 
system but has Atstionsl wmlvs1.noe. the electrical network 
ripresentbg the vocal s s on will have trenasission ahsraatsri•' 
stios statler to the transmission proper ta*. of the vocal test, 

receiv, their exaltation froa an electrical nwcs similar 
to the sound ice exciting the voce, tract. 

4,2. 	$ynth.si.$ 
It to now necessary to arrive at *0 transfer tunction 

of the vocal tract which Is an acoustic tub* of non-uniform 
croseseotlon, The tub* 1$ terminated at one end by the glottis 
and at the other by Ups. 

the volume velocity at the glottis and the volume 
velocity at the lips, . ' 	w,,, will give the transfer 
function of the vocal tract, which is the r.lationihip 
between exaltation and response* 

Lot, U1(t) . volume velocity at the glottis 
U2(t) * , volume velocity at the lips. 

In Laplace tr&ns bra notation the transfer fumtion for the 



vocal tract is written qtr, forowel ,oduction 

whore, k • (- ak + . 3Vk} it a complex nuaber representing 
a normal ale of vibration of the tr*ct, r  the complex 
Donuts of rh  and 0 a (a"". 3w) is the complex c 'iroquoro7 
variable. 

l ecanro the hoc ] tube is a &tetributsd acoustic 
system, it has an infinite number of natural frequencies and 
the values of the natural frequencies change with time as the 
vocal tract.- to deforiisd during attculation. The dimensions 
of the vocal tract are such that the first throe natural 
frequencies 1io In the frequency range 'below 3000 Ns. 

Per a tract of relatively uniform oras.-r*ctionsl 
area the first throe formantr are in the viscinity of 500, 
1500 and 2500 Ni. respectively. 

S.lstion (4.2.1) indicates that the 6lotti+r-to acuth 
transfer tMotiou has pal.. only and no s r oe. A typical dole 
d1.rdram for this truster function to shown in Pig. 	?b,o 

natural frequencies of the tract are always manUest•d in the 
acoustic output as liar in the spectra of the vowel muds. 
As the Mara M frequencies of the tract change with .srtiaulatori 
motion the relatii• amplitudes of these spectral a&aa oho 
according to the relationship expressed by the function (4.2,E1)„ 
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When equation (4.2„ 1) i0 expended by partial fra*tiou 
expnsion the foilodng equation 1s obtained 

	

i1_.1±L_1, 	 4.2.2 
1(s) 	[(a *~ aye) 	C s ak 

where* Ak 0 the residue in the veto s and Is a ooaptwx 
number that, i• a function of all the sf s f, A is the complex 

r► jniat+ sf 	. 
if U1{t) 1s ossomod to be a unit issilou of volume velocity, 
the volume velocity at the lip. Is# 

~ Ct) t 2j ja  t sin(cokt • OJ 	4.2w3 

where, each Ah and 	ars functions of # 
the 

f a this/relatieship between the amplitudes of the forrsnio 
osn be cetimited, The pi des,I Al 0 as Dan be associate 
with the relative amplitudes of the tots and *,' o can be 

associated with the torment . snot.,. The OR's ax. related 
to the half power bis$ddths of the torments and we relatively 
constant for the vew l sound )t.sas sp~ro fiowtion of ah' 4 to 
approximately equivalent to apsoifioatton Of shl s« Thus the 
se's spseity not Only the fort f quenaios but Al ser the 
relative sai%Iitut.s of the 1'orasnta. 1urtb•rm. the amplitude, 
of any given Torment is a function of the frequencies of .11  
the Torment s. 

*sv* . iht transfer roti n (4.2.,1) can be realised 
•1.otris.1]7 as a eaacedr or parallel el connections of simple 
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euoanj *4 series RLC resonant (or banal peas) circuit. or 
active resonant circuits, Pig.11 and Pig, 12 show the block 
diagres reprieentattoae of the casoade and parallel forsent 
synthesiser r.+ tived3►,, Tor batter approximation tour or 
• fire resonant cirmits ar required • In practice re+enably good 
vowel produetion to obtained when the tuning of the first 
three z eeastoz s is controlled, and the truxieg of the higher 
#est easenators is m*lntethed. fixed at neutral or oempee- 
eatery value*. In dealing g with the resonant a thseieere it 
is worthwhile to discuss some of the + era ive aspects about 
the parallel and cs$caede connected types, 

The Bret iaprtsnt factor whcb tilts the scales in 
Savour € eerie. £oreat synVteeizer to the reduced soap" ,eeity 
of synthesis strategy by reducing the nu ber of eynthrsiser 
control psrsastrn, This to evident from the fact that indivi. 
dual a*plitxi.e of eseb of the resonances do not have to be 
determined for a serial syntheeieer (}i j. 

Secondly, the vowel spectra from the psr*ll•i synthesizer  
contains extraneous &*TO** 'Mhersae a serial synthesiser educes 
spectra containing only pole.. The zaros generally fall at 
fr.quenoiss bstween the resonances and may be perceptible and 
bene* a Oseruptiag teeter. 

Parallel a rntheeizer has two advantages 1 1. Noise 
generated in the parallel synthesizer promotes additively 
rather than sulti*iertively. e'er a given ei O►al»te +rise ratio,  
signal eis*e In a parallel synthesizer are smaller than in a 
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se .sl s ►nthosissr. 2, The ability of a parsilel synthssisir 
to rrrprodsae consonant spectra accurately through m dspe dent 
control of forsant asjituds*. 

7cr research In speech synthesis by rule a serial 
rgsthsst$sr is best. suited. The c*scads obneotion appe rs 
to be a sera assurats physical analog of th• vocal transfer 
function for vovsl 'production than doss the psrabi connection, 
The output of the parallel synthesizer sound* different , os 
the output of the c*sosds synthesiser, 

In tbs sial cornectton of the rsssnators, the 
response to a unit ispulse of excitation is 

f(t) . 	( 	,. .,..) sit sin a t 	4.2.4 
kL  

Whore, 3,'s ar. positive constants d+etirainsd by the propor«- 
tiens in ubish the outputs of the parallel iseoanators Sr. 
era . the relative aa ituds of any given f# ant resonance 
is, therefor., a motion of it r particUlar frequency ay only„ 
and is not a function of the frequencies of the other fbrasn$49] 
In this ease the **itude of a torment resonance increases 
approximately linearly with its frequency, The La: uos transform 
of the response (4, 2.4) is 

f( s) = ~ 	
~' k (0 40 $ ) ~ s s 

4.2.5 
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Where, ~i r 	 wr 	 4.2.6 

is a function at 'k only. Xn nations' fors the transform sf 
(4.2J) is 

f(•) . 	n - ON 	' .,......~.,. 	 .~, 	4.207 rrk(. 
- 

Q(. Q 
where, a < k 

The funetjo* f(s) has So os 16 interleaved with the partes s 
as shown inVig.13, 

A typical spectral envelops for a vowel sound generated 
by both types of synthesiasre to shown in Iig. t40 

The discussion *bov na dsre the production of Vowel 
ids only. When It is necessary to produce consonants„ nam a, 
frieativso, whisperer sountts(*sptration*), the model should 
be modifed ria as to realise the transfer function corresponding  
to these sounds. 

Per nasals - as .is l vowls or nasal consonants 
production, the pole and sero are meted and a new for cant. 
and epsetral sero e introduced in the out t[2 • When nasal 
tract participates in the formation of spectral characteristic  
of the output sound there exists an s.00usttc couples between  

the naval tracts pharyngesi part and oral part Of the vocal 
tract at their ends at the volume The dimensions of the part 
of the moots■ that serves for this 40,01109 16 assumed to be 

awl compared with the wav*]sogth of the sound components of 
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jntorest. It we assume the transmission through the wails 
as n• ,iILble,j the transfer function of the vocal tract for 
the nasals, 

n 	a 	a 

No, considering the trams as loseltss, the poles and 
s•ros of the transfer fUnotion will ii* on ia, .nary axis,* 
The three coupled ate' es I..,, pharyngsel, oral and nasal 
being approxiast,d by three a oustio tubes that w salt 
plane ways*# the location of poles and seros of T(s) can be 
decided by exadning the driving point S "Otanaes looking.  

into these tubes bra the con ng point,. The location of the 

poles of T(s) are given by the frequencies where tbo;jsua of 
the susespt*nc•s looking in all poesib s directions - at any 
arbitrary point in the s to* i0 Me"* Thus at the Point 
of coupling the internal auseeptanos mot be equal to the 
driving point sisc ►pt es looking into the mouth cavity to 
obtain the lersant frequencies, the soro* **our at frequencies 

where the driving point aneeeptwoe looking Into the south 

cavity aou].+i be infinity, since at these frequencies the south 
cavity tri circuits the tr lesion to the nos**  

In cwaary„ the side branching of the vocal tract during  

nasal $made add so** pole go" pairs. These pole-sire  bra 
carie local perturbation of the spectra of nasal coaaonsnta in 



elrtsin frs e'noy rag... Soft 	 i and Involved geometry 
of the 'nasal esiity oalso appreciable damping for some of 
the resonances,, The Increased desping results In a broadening  
of the resonance baapkdwidths,#  particularly at lowest resonance, 
7i;  ,15 above spectral envelope of typical /, Now the transfer 
fiction ao In (4.2,8) can be realised by oascad+ed resonance 
Circuits with the a dificat1on that the antirowmanaes are 
also introduced and their locations contrell.d. In oaab a 
sohesr the saplitudis of various resonances are no longer 
constrained to vary in a staple saner. 

The fricatives aich as ff,a,  have continuous anter y 
density spectrum of the acoustic output sirnel and .rc obarac.  
tensed by a : i*.t ly the ss r pods ' as those that Charm 
tense a vowel speotrea produced by the a&" woo .1 tract 
oon#iguratien. Tb. polos are simply the natural frequencies 
of the vocal treat ant do not dcpnd on the location of the 

source. However some of the papas, of the fricatives gat heavily 
dompod bso oo of additional losses* Zeros aha teris• the 
output spsotra of fricatives at frequencies for which the 
driving point lapeditce of this portion of the vocal tract 

posterior to the noise source iS infinite i.e., at poles Of 
that ispedanes, At these frequencies the source Is decoupled 
from the front cavities. 

The transfer Characteristic of the vocal tract during  
fricatives is given by an expression which characterise the 
pales locations. 
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BY coMbining All tbess,  transfer function rsalisstion 
networks and is excitationsources properly connected as in 
Pig. 17 it i possible to generate continuous speech*  

The** forsant synth.sissrs are the vocal system 
analogs which require simple control circuitry and thus easy 
to saintain and of low cost, The serial or psrsilel connection 
of the torsant resonators or oo bination of them result in 
vocal system wogs which prolvcs eufficiantly good quality 
synthetic speech*  By the study of th.ss fort analogs It 
is possible to study the sou io,'pbonstto relation which is 
lgprt*nt from the point o f Griew of the physiology involved 
in the husan sp*eoh production. For analysis of speech signals 
also the results of the toots on such analogs are readly 
utilised with advantage. e.. 

4. 	Articulatory S thosis rrsOO 

4.3.1 Introduction$ 
The ..con t.chni s of W04.41ling the husn speech 

mechanism electrically Is *gals based on the filtering  
property of the seoustic tube i,e. the vocal tract. A olds• 
electrical analog of the busan r oat trsrt whiob 1s an 
electrical transmission h1no, a" oxisaatss iJsicall7 and, 
dimensionally the transmission tubs. 

Before going to ruliset.ion of the vocal system analog 
it Is nerssssry to establish o.rtsin physical basis*  which will 
be the trssrition.sl stop in the direction of the electrical 
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equivalent rrtpresentation,, 

4.3.2 Tb.vrfl 
The Vocal. tract is assured as an acoustic tube 

.tsrsin*tsd by the ices]. cords at one end and b7 Up. at the 
upper sod. The w*Is of the tube sr. variable in shape and 
acoustic excitation may be applied either by a periodic signal. 
at the glottis or by turbulsoae at some point along the tubs[7j 
By controlled variations of both the shape of the walls of the 
tube and the nature and position of one 0? mors sources of 
excitation different speech sounds ar• produced,,. Pros the 
physiological studies and raypbotogrspbio observations on 
the vocal tract, it is concluded that when the woo.1 tract 
receives pulses of volu o of air at one and they are trans.  
aittsd as plans waves all through the tube. this Is so because 
of the fact, that the eros ssret,ional dissnsiaus of the vocal 
treat are small as compared with the wavw~lsngtb of the sound. 
Now the labs is oousU+t erod as sad* up of series connected 
cylindrical sections. The dimensions of the sections being so 
oho men as not to violate thi plane wave propsgation approxiset Ion1 

The electrical analog of the vocal tract is thus an 
electrical trsneaiseton line in which current to analogue 
to volume velocity and voltage is analogue to sound pressure. 

4.3.3 BynthesisS  
A uniform cylindrical section (uniform section being 

a valid &*gumption for plane wave propagation) of the acoustic 
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cesid *.ser be 	*rnf fl7 tas .sd„ 
With 't j*trsduibon of operational aspiti'isss 

4,4 the ssib1lit1.. of its wide s sed s liead*on lead 
the uut r to consider its use ar ,n active elssest which 

Y rpt s the, inductor and at the ease time will her an 

adequate resonator, Iris the charsoteri sties of opirstiosal 
se$.if$.ire it is gathered that $ highly stable and linear 
inductor can bs simulated 	the use of an operational 
M isr. 

1uitb.r0  with this idea of active filter epprorisatton 
of torse.t frezenejes in the vocal tract, the Thllowing 
advantages are gained 

a. 	igb 1npat ispedenos 404 low output tepodance of the 
operational 	 .ifisr releiwse t' a task of ispedenes utohing,. 

b, Active filters ow su y large mounts of paw. 
0. these filters have good stability and sisl-'tonoiss 

ratio till. 

seem" of the above, operational asplifiers in 
tie filter a cad• are tried for sisoistirig the woo*1 tract 

filtering function on fort representation t*et ►s. 

7.2 Design Strategys 

A esacadi ootuwetrd oesti, s!►i•n of resonators is 
preferred end adopted. only tour forts were considered ersd 
for eppraciebis uslity of vowel sounds. 

Three at the four resonators are provided with tuning  
facility, whereas the fourth fort resonator is a fixed 
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". qu ncy resonator. 

for the jansr ►tion of V01#0d * uMe meb as vowsls$  
of exaltation source iss.# #lLug the gl1tti1 wave gyrator 
Is used. The eutpat is obs.rved on Oscilloscope or alt ems 

tivaly heard,, using bsi4pbenss. 

The fixed frequency resonator a for 14  siailstion  
generally! does the ob of 'high pole corrections and its 
inclusion I"V*V'os the quality of sound generated 

7*3 Data Regarding the lour **SOn*tODI# 
The vocal trot analog i0 capable of generating rwel 

sounds. Imos table (0,  it 4* observed that, the centre 
frequencies of the tort, can sonventently be selected as 
500 tut, 1500 not  SW Its and 3 	Es respectively. The band- 
widths are fixed for *Sob fart and the values being aestntsd  
as 50. 150 and 250 Ns* The sapUtud. of the fernts do not#, 
in any, .iiit&oant rte, attests the otion of the forasnts, 

7.4 Thesrys 
With respect to the sch * do of the band- peas aeti vv 

filter, as show In flg. 0r  the following discussion results. 

The operational amplifier is oa eot*d in the Inverting 
sods ench tbat, the wit  osier Mian to given by 

7.1 
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Tbs transfer Anotton indicates a pair of c onpl.x 
Conjugate *..plan* poles with cares reatrioted to the origin 
or infinity. 

7,x5 Designs 

To design the first fort rsr,  tor,, we Vi l fix 
the 	 urwc of 	4 and w0  ( t0  ),, where, Ho is the .sty-`band 
gain ocouring at v0  * 
frequency and the bidvjdtb, 
quenoy in radians see 1* 

` 

	frs- 

is * ;lee psr4Wttr and for o.nvsnisnee we haws 
chosen It as 10. R Is selected as 10 b 	cruse It satisfied 
the vowel ioaant b v.dth rater at the said resonance 
frequency and also the .iro*it configuration is s t&Uo 
only for a values iss than or e+ ual to 10. por values 

lager than 10, the sifasni values will have large spreads 
and high 4 	siti'v'ifias to !last'' v lake oh+ gr*. to  is 
fined d at SOO Us. 

K 

Pasistors era lies expensiv, than cavi ors and 
are sore easily used in tries,'g schanes std therefore are 
oalmdat d ter the desired p.rterasno. of the filter, rather 
than calculating the values for ca iters. The capacitors 
are selected ron the 	 ►lord argues and of equal capasity, 

Let, 	01  • 0 • 0 4 I& 0 	gi 0 f! „ 	110  *► 19 

is the ratio of resonance 
and rO  is the r `sons e 
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Per control *1' ?, fit  "2  and? the resister* 1. is 
sash are and* vary to *d3ust  thr resonant frequency, 
the bandwidth gets, M$*tsd by keeping 1. variable, 
amplitudes way if desired be adjusted by controUl 01  

The ad$ustsasts of each fors to Is independently 
carried out and tbin advantage of the active filters. 

With values r resistors as detersined above, with 
' rcaent tolerance and disc condeneors, the connections 
ate► made as shown to tip, 1. Potentiometers and pr.sst* 
connected in series with resistors, help in adjustaont of 
the forsant positions. 

''or exciti the vocáltraot tern al sualo , a ss 
tooth signal generator with Sreuenoy rang. of 40 	He is 
conned across the input terminals of first "Senator. The 
output war.f•rn is viewed an an oscilloscope. A heM phon. 
con sated across the output israiniila will radiate the 
•yntbetia rowel saws„ in isolated form (not concatenat ) o 
By nwmgUy Mjuatii* various resistors the far is are 
aper priately poeitined to soar and the various vowels. 

ter tts.atis control of the forsant p ►sition. it is 
naeeasary to use sear electronically controlled che.s. The 
Use of yield Itfeot Transistors(MOO) as variable r.sietstoes 
enables anti?, filter. to be designed who$* resonant fre4uiney 
can be voltage controlled. the passibility of such n control 
is put forward Mrswltb and say be tried.  . 
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Ao X*Avrs!s T O QuUU 

8.1 introduction i 

Th. study of the stittctwrsl properties of the 
physical s tem i.e. vocal organ*#  whiob are time Invariant„ 
comes under the designation *Analysis of voeal system* ,« A 
sound wave per s► has no meaning and should be, rated as 
a carrier, that has encoded within it certain ascots of 
the structural and t+ rel tharsoteristioe of its .ouro4 413. 
Thee ideal analysis therefore,  mould to able to Isolate these 
two factGrs. 

Key features of the analysis in the use of filter*„ 
that are capable of i.ftling the structural content of the 
sound irrespective of Its particular fare of citation* The 
naturl t"su noes epitcaiss those structural properties of 
the source that no be encoded within the sound wwo#  fie. 
these natural :frequencies are independent of the paints .*t 
which the system is excited or observed, 

Certs sound* we sods with imiab the sass configuration 
of the Up, south, tongue and 3*v' and thus posses the sass  
tort frequencies.  They are recognised as different sound* 

bees. the excitation occurs at different points In the vocal 

tract. 

The t'ara nt f,.*osis are of importance for the 
ream,, that, for the p*rposs of bearing, the *ajar structural 
content of a sound wave are described by its frosants (16), 
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4. Yeto#d tricstivr , t,v, ',s,'/ 
5. Vowel end vowel. likesounds / 1,I,#,e, •../ 
6.. Combination of a r+ s,, # rr 	+ i . 

1 	Prom the *ctrorsm it to observed Oat the voiceless 
stop sounds WV produced by a combination of stop and trioa  
dotal 404U2 10n. These sounds are 000 by stopper breath 
flow at #o*# point in the ioeal tit buit4ing up essur. 
and then pid releasing the breathe, As is evident from 
the j*p, indist1ng stopping of breath and a spike 1111 
i diostiag sus of breath. The irregular striation. refit 
from fri+c send dstiou. When stop modulation precedes 
frictional modulation and breath flow is released suddenly  
t. Striata.* axe narrow and 'begin abruptly, 

T}nis gaps and spikes charactirised voiceless stop 
sounds. 

2. 	"poi ##d stop sounds are produced by the cobinstion 

of stop, vocal cord !! frictional l m 4014U o  

A narrow voice bar on the baseline of the tUM 
Indicate vibratory aodulst ion. A gap in the pattum above 
the voice bar indicates the, breath atop, This is vote# g*p, 
a combination of voiced bar and gap. The spike fofloving thi 
voiced gap is the r#*lt of dden releas, of the breath, 

Thee voiced stop sounds are obsreet.r1s04 by voiced. 

gaps end spikes. 



	

3. 	Yolcslsss fricatives are the ze.4t of tri.tion l 
nodulation. The irregular vsrtiCal striations on the pattern  
is the proof, the striation we widow than that for the *Up 
soundssbjoh reasons out the low and continuous ssi.ssion of 
br.*th through the restricted opening. 

Wider striations characterize the voiceless fricatives. 

	

4, 	VoiCed fricativosi The eurved limes in the profile 
represent the vocal cord action used to pro uos the voiced 
breath stream► This vibratory sodulatton is sir by the 
votesbar along the baseline. The friotional s dulatisn is 
evident from the striations appearing above the v"I*s ban. 

Thus patterns of voiced friostivos are characterized 
by veice bars aM striation** 

'5. Yowe''.e and vowel like sonndsX The risontal bars in 
the pattern adorer soap sesonsting phenomena and the presence 
of these resonance bare is indicative of selective resonance 

p.rty of the vocal tract cavitios, for generating these 
resonances the need for vibratory exaltation .is mat *zV1SL» 
nato ryo There are tour bars quite di*tingui.KablS and 

edo*insnt i  indicates that the first four resonances Of 
the vocal a .tifss are sufficient to +pseity a vowel. The 
t hitt in the ria*n +o* bars (or forts) with different 
vowel somas explains the verbs colbinatiens of s u led 
vocal *&rile$ that are formed ding vowel production. The 
Chang. it shape end dimensions of vocal asvitiss Is due to the 



70. 

action if articulators, Th. Position of the bars correspond 
to the f quenaies at which resonances of the goal *&Titles 
occur and from this the rang. of variation of the ,#br*o 
remnant tqu oi.e to gig as 200.900 Iii, 550o.2500Ii., 
and 11OO4 00 He aeepeetively, h+re*s fsurth format say 
be located at a Fixed value of 3500 B*. 

Cosbjnstions of bars in the pattern thus %a ins 
the vowel we vowel Uk. ;wound** 

6* 	Coabinations of ids are dia€nos.d by observing the 
pstt rnu hicfl ahoy resonance bars.ourvd in naat w,t.!. 
they change their position. while going fros on. sound to 
another in the tbi bion. 

In neral whenever there is a oo ►imstion of 
conspicuous feature* of *operate sounds a diphthong Is 
identified, 

e a ove discussion thus reveals the isprrtant role 
play" by spectrogras in deciding the vocal tract behaviour  
during various sed generation  ani€ else the mode of lecation 
of - imitation. To some extent the wtiu]*tizy movement 
during '.kation ewi. also be studied tics t eo* speech 
ptb#1 ts. 

The other physiological fsotors reiponribie in 
mb*mAteri sing the sound generation are Also revealed by 
only vicual observation of the speech patter. Tske the 
'stress' used to give emphasis to particular syllables 

ttTiA1 LI6M'Y UN{VFRS1T OF "('""►{r 

a 
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or words. he obaor ratt n of the pattern in relation 1a 
ice! of darkness above that darker the shad. high the 
loudness and I iphter the shade lower the volume, Again 
the length ♦9 the M6Mut of pattern c la ti`t*ing the 
durati+ n of sound voice deseribee the glottal sourer 
,cont ibution during star. The pitch of the voiced +riot 
tation is alas evident in the pattern, aider the, spacing 
between the vast+* two the higher the pitch end vicsomverse. 

In principle the spectrographic  a ysis at the spook 
wave ant seta +UUehsent of the cor tlen bøtwsen the struomo 

ral and tuna tional detail of the vocal systes to that of 
the speech wave uses electrical network theory. Tb. specter 
graph is a troMalattor if **Vat '+ rtes into visible pett rno. 
A sat of variable filters 	the speech signal easing 
out of the busan vocal system via a sierophon. Z h filter 
Is capable of handling a pdeter'*thrd frequency bend (All 
the batds added to getber will equal the 0.4000 Is range of 
the speech signal). The output at each filter is used to 
fore a trees of legs* and the brightness of the true Is 
elated to the intensity of speech cO ►n•ats within that 
band pus by the filter, This analyser bend pus filter* 
receiving the speech wsv dicintegrate the wave into Its 
ooaponents weed. can be analysed ed € etudiad aonvniently. 
that the ►t ,+x oo*ft*tion of than in the actual speedh wags. 

B., Ipsotrue AnALI IS h... 
In the second gyp, the an lysts of the speech wave Is 



72. 

Carried out by first for dating the rn*tbe*stif i1 ai4.l 
and thin realising s eet sa21y the functions derived. The 
speech ware is a complex, aperiodic or qussiperiodic wane 
and hence can be analysed by using Yo ier transform technique 
and the related mlation fUaction. 

The information a speech spectrum carries above the 
vocal system is diecasaed In the following isatias. 

The extraction of the sriaus parameters and in 
particular the Pitch information, using slestricsl artwork 
approach 4249) basally censi4ere the speech wave as a 
aDeb.jntocn of fu 	ntal and higher ba memos, The quasi 
periodic repetition is a voiced Interval of speech cause 
pWrisdi* ripples is the sp.seh Spectrum and this is a clear 
•ridsao* Of the vibratory nature of the excitation source, 
B; estimating tbs spacing between peaks of these ripples 
by peak picking tec Iqu*s:, the rats of vibration of glottis 
can ba decided. 37 estimating the buss or bias exist * as 
1* possible by'  processing thS speech spectrum 150] the sods 
of excitation d location of imitation is decided, 

The fernt !refer ties elves th soustio behaviour  
of the vocal tract, TWO analyzing the speech wave from the 
point of view of studying the orment bhavieur during srti" 
oulati m will give the sssa:stis theory of speech prod dot sae 
There are various schemes [151-55) which use electrical circuit 
for axtraotiag the format Information from the ash spectrum. 



73• 

9s OffmU IOJS 

9.1 The TOO systes .nslysfx and synthaeiaiug tsshniqu*s 
+ilsst*sssd in the svaus s+e tfaus, are the useful t00%* in 
various studies rvging fires Ithysioley of speech Production 
to the ss.cbine eornfcation b r votes, aha a is laid 
on the 'vocal treatread*Is The fa tta s of veosi *"at 
tadels*  '1 is sysr fora they soy take, is t of#1d*  !gist they 
allow a sa rsf tf.sl Meru At the , uflt of data needed 
to spsoi.f r a speech e.fore. And seedy the abdsl s provide 
a strsotural framework in ter" of wldoh *pooch ph•cos ►a 
can be thsihtfluUy, coo sdaally and naturally specified, 
The goals of research is synthesis can be 'both, the eonstrue-
Theo of sowed engineeringolution to probises which require 
a wide range of  synthetic spesCh 'utterances, as well as#  the 
furthering of bests knowledge of the sposeh process. 

9.2 The fsr*at synthesiser  Is a steal Model of the 
mai twat whic ► y dssss output speech wavofors from * 
sail,~  Slowly varying s** of input paramet.rso  The M'v.ntsg. 
of those models is that they relat ► directly to s 1L7 of the 
a rare' :erow4ts In acoustic honeties, The model 1s adequate 
to produce speech which is fmdistindufiha' a fret hussfl sp.so1, 

9.' 

 

The articulatory aod.sls of the vocal tract can provide 
very natural structural representation of the underlying 
anatomy and physiology of the tract which give rise to the 
speech signs,. oh of the needed date for vocal treat shape, 
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tenlua sVmeent and vslsr opening has been dex Fred fro. 
X'.ray data. 

9.4 	A forawt unthesl erg with sotive filters used as 
resonant Dims , generating the f"or is of the 'Vow 
spectra, 18 designed and tested. The operational apliSi.r 
use in the resonant circuits si*pitSi.s aany a probless 
associated with Mob tarp. of ^vocal tract sodels, Only iowsi 
stands with fort frequency ranges fa' Ui 	the eontrofl 
able ►tea are g*n at d.. The rss1ts sitow that *a.eh kind 
of realisation of weal treat sodils is feasible r d possible. 
By providing resonant circuits corresponding to the transfer 
function pol.ssro pattern for frecative, stop consonants 
and other ooaaonanta the vocal tract model can g+~nerste all 
types of english epeech sounds. it &yn*aiosfly controlled 
resonant circuits are designed a s tb*tic teach can be 

odtioed,, The parameters derived from actual apseeh signals 
for oo*tr ► i g the resonances being coapsrat±vly lase# the 
adet besolos tars expensive d easy to asintain.# By 
providing higher polo correction circuits, the quality of 
the epseob can be isproved, 

voc 	 is the case With 
other jkyaia1•gisa'l sy st sa, is unlikely to achieve oosplst.► 
airs, C•asid•rabls attention to the para tens a hums overtly 
asnipulatse In speaking, sowid be riven. The exact dulAlo tion 
of the system in term of th. electrical parsast+rrs is far 
fros reality. 



750 

9.6 The Ylw .saa m-101sak mdsx L 3] of the .ssat trot 
406 thi voiced excitation source equivalent can be an answer 
to the desired vocal systea analog. The Sher work in the 
direction at Improvement may ventre wound the derivation of 
physiological persisters shut ire manipulated during speech 
process, Yuxtb.r the E1sotro*yogrsphio  signals of the various 
articulatory  *uablss when correlated with the scanstio of 
* sob, will produce sore nstraa synthetic speech free the 
dynasiosily i 'introllot an*,og..[56] 

The glottal source of excitation as is modelled by 
,same »i shies' , sacounte for l.sxgs details about the 

physical syst s, Still ons greet of the rocs' cord vibration 
Is negl.etedi The vertical phase di ffe ce of upper and lam 
edges Is tekin osre of *  whereas the borisentsl phase difference 
along the length of the vocal cords is not taken note, of. This 
borisonts3. Phase difference say have seas influence an the 

asou*tie.pbon.tie elation ships, So efforts should be 
directed to analyse this phssewdifferenoe free the point of 
view of Its oontritmtIon Is the process of speech production. 

All digital vscsl«4rsct sod.ls, whish are both capsot 
and inexpensive is the need Of present day*  So the expected eated 
future research work should be lead toads this goal,, 

0 
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