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[57] ABSIRACT 

Apparatus, for determining the glottal waveform of a 
subject, is disclosed which comprises a hard-walled, 
uniform, cylindrical, acoustic waveguide having a 
cross-sectional area commensurate with that of the 
vocal tract of the subject. The waveguide is termi 
nated at one end to substantially reduce acoustic wave 
re?ections. A microphone is positioned within the wall 
of the waveguide to detect and convey to suitable in 
strumentation the glottal waveform of the subject. 

8 Claims, 4 Drawing Figures 
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APPARATUS FOR DETERMINING THE’GLOTTAT. 

- WAVEFORM' f BACKGROUND or THE iNveN'rioN 

This invention pertains to the measurement of acous~ 
tic waveforms and, more particularly, to the’me'asure 
ment of the glottal waveform. ’ ‘ 

ln the normal production of speech, air is forced 
H from the lungs through the trachea and into the throat 

cavity. The top of the throat cavity is surmounted by a 
structure known as the larynx which includes two lips 
of ligament and muscle; these are the vocal cords. The 
slitlike ori?ce that exists between the cords is called the 
glottis. Voiced sounds of speech, also known as phona 
tion, are produced by vibratory action vof the vocal 
cords. Phonation is accomplished when the subglottal 
pressure, i.e., the pressure below‘ the glottis, is in~ 
creased sufficiently to force apart the tensed vocal 
cords. As the air ?ow increases in volume through the 
resultant ori?ce, the local pressure is reduced and the 
vocal cords return to their initial position. As the cords 
draw together, the air flow is diminished and the local 
pressure approaches the subglottal value.- The cycle is 
then repeated. The mass and compliance of the vocal 
cords and the subglottal pressure essentially determine 
the period of oscillation. They also determine the shape 
of the waveform within a period. Thus, the variable 
area ori?ce produced by the vibrating cords generates 
quasi~periodic pulses of air which excite the acoustic 
system above the vocal cords. 
The measurement of these pulses of air ?ow through 

the glottis during phonation, i.e., the measurement of 
the glottal waveform, has been studied in considerable 
detail by acousticians. Since, the quasi-periodic pulses 
emanating from the glottis provide the acoustic excita 
tion of the vocal tract during voiced speech sounds, the 
nature of the glottal waveform is an important consid 
eration in the design of speech synthesizers as well as in 
the formulation of models of speech production. 

In view of the importance of the subject, numerous 
methods have been proposed and utilized to measure 
the glottal waveform. For example, the larynx can be 
viewed with a small mirror suitably positioned far back 
in the mouth. By illuminating the vocal cords with a 
high intensity light beam, it is possible with the appro 
priate apparatus to make movies of vocal cord motion. 
These movies may be processed to yield approximately 
four thousand samples per second of the area Aytt) of 
the ori?ce between the vocal cords. This sampling rate 
is adequate for some applications. However, some 
amount of aliasing is to be expected, especially when 
the duty cycle of the glottal pulses is low (e.g., during 
phonation with high vocal effort). It is to be noted that 
relevant to‘ the measurement of the glottal waveform, 
this technique can at best give an accurate estimate of 
A_,,(l). The air ?ow, and thus the waveform, must be es 
timated from this. > 
Another method of estimating the orifice area is by 

transillumination of the glottis. If a light source is posi 
tioned on‘one side of the vocal cords and a photocell on 
the other, then the pattern of variations in the transmit 
ted light may be recorded. Such a record bears a strong 
resemblance to the area function #1,,(1). However, since 
a numberlof assiimptions must be made in order'to re 
late transmitted light intensity to the area of the ori?ce, 
the accuracy of this method is not readily ‘veri?able. 
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-Various other functions can be measured which have 
a resemblance to the waveform of air flow through the 
glottis, e.g., signals derived from the motion of the 
throat wall adjacent to ‘the glottis, the attenuation of ul 
trasonic waves upon transmission through, or re?ection 
from, the vocal cords, and the modulation of‘a high fre 
quency’alternating current due to the variable impe 
dance of the vibrating vocal cords. However, the rela 
tionship of each of these functions to the glottal air ?ow 

) is rather complexfand these methods cannot be ex 
pected to yield anything‘ more than some gross features 
of the glottal pulses, e.g., their presence or absence, pe~ 
riodieity, - etc. 
There are also methods which estimate the glottal 

wave from the acoustic output at the subject’s lips. 
Methods of this type employ inverse ?ltering in one 
form or another. The basic idea is to eliminate the in 
?uenee of the vocal tract. Accordingly, an estimate of 
the transfer function of the vocal tract is made, a ?lter 
with a transfer function which is the inverse of the esti 
mate is realized, and the speech output is ?ltered to ob 
tain the glottal excitation. In most inverse ?ltering im 
plementations, the pressure output atthe lips is used, 
and the vocal tract transfer function is approximated by 
a product of three or four complexconjugate pole-pairs 
and by corrections for higher order poles and for radia 
tion. There being no unique decomposition of a speech 
signal into separate excitation and voeal~tract portions, 
the success or failure of the inverse ?ltering technique 
depends entirely upon the constraints and criteria im~ 
posed by the experimenter. These constraints and crite 
ria are based upon a priori information about the na 
ture of the speech production apparatus. While, in gen 
eral, the a priori information may be ‘reliable, it is im 
portant to keep this limitation in mind. For example, 
quite frequently it is not'possible to decide whether a 
feature in the recovered waveform is to be attributed to 
the glottal source or to an improper adjustment of the 
inverse ?lter; thus, demanding a smooth output from 
the inverse ?lter may obliterate genuine oscillations in 
the glottal waveform. ‘ 

It is an object of this invention to overcome the limi 
tations of the prior art methods and apparatus de 
scribed above and to determine the glottal waveform in 
a simple, direct, and inexpensive manner. 

SUMMARY OF THE INVENTION 
This and other objects of this invention are accom 

plished by utilizing apparatus responsive to the acoustic 
output at the lips. However, this invention differs from, 
for example, the inverse ?ltering method described 
above in that instead of post facto removal of the in?u 
ence of the vocal tract from the speech utterance, l en 
sure that the vocal tract transmits the glottal wave with 
minimal alteration of distortion, thereby obviating the 
need for inverse ?ltering. 
More particularly, 1 utilize a uniform, hard-walled, 

cylindrical, acoustic waveguide, having a ' cross-sec 
tional area commensurate with that of the vocal tract of 
the subject. The waveguide, or tube, is matched at one 
end to prevent reflection of the acoustic waves trans 
mitted down the tube by the subject. A small probe mi 
crophone positioned within the wall of the waveguide 
detects the acoustic waveform. 

BRIEF DESCRlPTlOvN- OF THE DRAWINGS 
FIG. 1 depicts the apparatus of this invention used to 

measure the glottal waveform of a subject; 
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FIG. 2 depicts the glottal waveform detected by the 
apparatus of this invention; 
FIG. 3A depicts the magnitude of the Fourier trans 

form of the waveform of FIG. 2 as a linear function of 
frequency; and 
FIG. 3B depicts the magnitude of the Fourier trans 

form of the waveform of FIG. 2 as a logarithmic func 
tion of frequency. 

DETAILED DESCRIPTION 

Consider, for example, an individual phonating the 
neutral vowel, / a /, as in “ado.” The vocal tract may be 
accurately approximated in such a condition by a uni 
form, hollow, cylinder or tube. However, at the end of 
the tube, i.e., at the lips, there is a termination with a 
very low impedance, the radiation load, which may, 
practically, be assumed to be equal to zero. Thus, even 
presuming that the vocal tract does not alter the glottal 
waveform, the waveform measured at the lips will be 
signi?cantly distorted because of the existence of this 
unmatched termination. 

In accordance with this invention, the acoustic termi 
nation at the lips is matched, thereby preventing re?ec 
tions and eliminating distortions of the generated glot 
tal waveform. In FIG. 1, e.g., subject 10 is illustrated 
phonating the neutral vowel /e/ into a re?ectionless 
acoustic waveguide 12. Acoustic waveguide 12, prefer 
ably of uniform cylindrical cross section, has an inter 
nal bore whose area is commensurate with, i.e., approx 
imately the same as that of the vocal tract and is of a 
length substantially greater than the length of the vocal 
tract. Waveguide or tube 12 is coupled to the subject’s 
lips by mouthpiece 11 which, advantageously, is readily 
removable from tube 12, for sanitary reasons, and also 
is of a shape and size to conveniently adapt to the lips 
of the subject. To maintain the desired acoustic impe 
dance match at the subject’s lips, the passageway 
through mouthpiece 11 should be of substantially the 
same cross-sectional area and con?guration as the in 
ternal bore of waveguide or tube 12. Tube 12 is closed, 
at the end opposite to that of the lips of the subject, by 
cap 14. Mounted, within waveguide 12, at the opposite 
end from that of the subject’s lips, is an acoustic cone 
or wedge 13 which provides a matched, i.e., re?ection 
less, termination. Probe microphone 15, which pene 
trates through the wall of tube 12 is utilized to detect 
the acoustic waveform, and conveys this detected sig 
nal to a suitable instrument 16. Assuming that the 
cross-sectional area of acoustic waveguide 12 and the 
area of the vocal tract of the speaker are approximately 
of the same magnitude, the glottal source sees a 
matched load. Thus, there is no distortion of the glottal 
waveform measured at microphone 15, either by the 
vocal tract or by radiation loading. 
For most subjects, tube 12 should be a uniform, hol 

low, hard-walled, e.g., brass, cylinder, approximately 3 
to 6 feet long with an inside diameter of approximately 
1 inch. The corresponding area of the cylinder bore 
thus should be approximately 3H5 square centimeters. 
Acoustic wedge termination 13 may be made of ?ber 
glass insulating material; it should extend for about 
one~third the length of the tube, from the capped end, 
and be approximately conical in shape. In order to pre 
vent a buildup of acoustic pressure within the tube, a 
small ori?ce 18 may be provided in the capped end of 
tube 12. A small diameter, for example, oneequartcr 
inch, electret microphone 15 positioned in the wall of 
tube 12, approximately one=thircl the length of the tube 

5 

4 
from the subject’s lips, has performed satisfactorily. In 
strument 16, connected to microphone 15, may be an 
oscilloscope or other welLknown measuring or record 
ing apparatus. Stand 17 assists in the support of tube 
12. ' 

In order to avoid the vagaries of analog tape record 
ers, the output of microphone 15 was digitally recorded 
in one implementation of this invention. Also, to avoid 
erratic disturbances due to breathing, accidental mo 
tions of the apparatus, etc., a high-pass ?lter with a low 
frequency cutoff at approximately twenty hertz was in 
serted between the microphone and the digital re 
corder. The high-pass ?lter was inserted for conve 
nience only. As long as the microphone has high ?del 
ity down to the lowest expected frequencies, the ?lter 
need not be used. If so desired, the low frequency, d.c. 
content, of the waveform may be simultaneously recov 
ered at ori?ce 18 when the output of microphone 15 is 
being ?ltered. ' 

FIG. 2 shows a display of a glottal waveform obtained 
by the use of the apparatus of this invention. Except for 
the trivial ?ltering mentioned, the signal displayed is as 

' recorded, with no processing whatsoever. To the 
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trained eye of an acoustician, it would appear that the 
in?uence of the vocal tract and any radiation mismatch 
is completely absent. A more convincing proof of this is 
provided by the magnitude of the Fourier transform of 
the measured glottal waveform. This is shown in the 
plot of FIG. 3A, on a linear frequency scale, and on a 
logarithmic frequency scale in FIG. 38. It is clear from 
these plots that there is no discernible trace of the for 
mant structure of voiced sounds; thus, the characteris 
tic in?uence of the vocal tract is absent. 
The above-described method of measuring or obtain 

ing the glottal Waveform is obviously inexpensive, re 
quiring little in the way of apparatus. For example, 
comparing this method with what is considered the 
most accurate of the methods heretofore available, i.e., 
inverse ?ltering, it is clear that inverse ?ltering requires 
a computer, for simulated ?lters, or a complete set of 
?xed and variable ?lters. Also, the inverse ?ltering 
method requires laborious and skillful manual adjust 
ment of the ?lter apparatus, or the running of a rather 
expensive computer program to make the adjustments 
automatically. In the instant invention, the only adjust 
ment necessary is to insure that the vocal tract of the 
subject has the proper neutral con?guration. This may 
be accomplished by the subject observing the detected 
glottal waveform on an oscilloscope connected to mi 
crophone 15. In an extremely short period of time, the 
subject learns to manipulate his vocal tract to eliminate 
oscillations at formant frequencies in the observed glot 
tal waveform which are due to constrictions in the 
vocal tract. Furthermore, inverse ?ltering is rather sen 
sitive to noise in the input waveform because the nature 
of the signal processingenhances the noise in various 
frequency ranges. Consequently, speech recordings for 
this purpose must be made in a studio or anechoic 
chamber. In the instant invention, since microphone 15 
is completely enclosed, it is immune to noise in the en 
vironment. - - 

What is claimed is: 
1. Apparatus for detecting the glottal waveform com 

prising: ' 

an acoustic waveguide having a cross-sectional area 
substantially equal to that of the human vocal tract, 
said waveguide terminated at one end to substan 
tially reduce acoustic wave re?ections and adapted 
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at the other end for physical coupling to a subject’s 6- The apparatus de?ned in Claim 5 wherein Said 
lips; and - means for detecting is an electret microphone. 

7. Apparatus for determining the glottal waveform of 
a subject comprising: 

5 a hard-walled, uniform, cylindrical, acoustic wave 
guide having a cross-sectional area commensurate 

means positioned in the wall of said waveguide for 
detecting said glottal waveform. 

2. The apparatus de?ned in claim 1 wherein the 

cross-sectional area of said waveguide 18 approximately with that of the vocal tract of said subject, said 
3 to 5 square centlmeters' , _ _ _ waveguide terminated at one end to substantially 

3' The apparalus de?ned 1“ clam‘ 2 wherem 531d reduce acoustic wave reflections and adapted at 
means for detectmg is an electret microphone- 10 the other end to receive vocal excitations from said 

4. Apparatus for determining the glottal waveform subject; and 
comprising: an electret microphone positioned in the wall of said 
a cylindrical hollow tube having a cross-sectional waveguide for detecting the glottal waveform of 
area commensurate with that of the human vocal Said Subject‘ 

8. The method of determining the glottal waveform 
comprising the steps of: 
phonating the neutral vowel /a / into a hard-walled, 
uniform, cylindrical, hollow tube having a cross 
sectional area commensurate with that of the 

tract, the ?rst end of said tube terminated to sub- 15 
stantially reduce acoustic wave re?ections, the sec 
ond end of said tube acoustically impedance 
matched to the human lips and receptive to vocal 

excltamfis; and_ _ 20 human vocal tract, said waveguide terminated at 
means positioned in the wall of said tube for detect- one end to Substantially reduce acoustic wave re_ 

ing said glottal waveform. flections; and 
5- The apparatus de?ned in claim 4 wherein the detecting said glottal waveform with a microphone 

cross-sectional area of said tube is approximately 3 to 5 . positioned in the wall of said tube. 
square centimeters. 25 * * * * * 
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