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1. 

3,345,979 
APPARATUS FOR OBSERVING 

VOCAL CORD WAVE 
Tanetoshi Miura, Tokyo, and Tsuneji Koshikawa, Toko 

rozawa-shi, Japan, assignors to Hitachi, Ltd., Chiyoda 
ku, Tokyo, Japan, a corporation of Japan 

Filed Mar. 3, 1964, Ser. No. 349,059 
4 Claims. (CI. 128-2) 

This invention relates to an apparatus for observing the 
wave form and pitch fluctuation features of vocal cord 
WaVeS. 

Vocal cord waves have an important role in linguistic 
education, vocal training and medical diagnosis in which 
defective functioning of vocalization is to be detected and 
an appropriate treatment for vocal disorder is to be de 
termined. In order to judge the functioning of vocaliza 
tion accurately it is particularly important to know the 
wave form and pitch fluctuation features of the vocal 
WaVeS. 

It is an object of the present invention to provide an 
apparatus for observing quantitatively and objectively the 
wave form and pitch fluctuation features of vocal waves 
and thereby provide significant insights for the functioning 
of vocalization. 
The present invention will now be described in detail 

with reference to the accompanying drawings which illus 
trate an embodiment thereof and in which: 
FIGURE 1 shows a block diagram of an apparatus 

embodying the present invention, and 
FIGURES 2a to 2c show wave forms which are used 

to explain the operation of the apparatus illustrated in 
block diagram form in FIGURE 1. 

Referring to FIGURE 1, numeral 1 represents a mi 
crophone for extracting body wall vibrations at the 
trachea and for translating the vibrations into electrical 
Waves. The microphone 1 which is of the type described 
in an article entitled, "On the Extraction of the Pitch 
Signal Using the Body Wall Vibration at the Throat of 
the Talker,' by Toshikako Sugimoto and Shizuo Hiki 
appearing in the proceedings of the Fourth International 
Congress of Acoustics held at Copenhagen on Aug. 21-28, 
1962, pages 1 through 4-paper number G26, is held 
pressed against the wall of the trachea at a predetermined 
location. An equalizing circuit 2 is connected to the mi 
crophone 1 to compensate for loss characteristics intro 
duced by the wall of the trachea to the vocal cord waves. 
These losses are approximated by a low pass filtering 
characteristic and are compensated for by a filter built 
into equalizing circuit 2. Suitable filters for this purpose 
are disclosed in the Electrical Engineers Handbook, pub 
lished by John Wiley & Sons, Inc., fourth edition, fourth 
printing, February 1963 and appearing on pages 6-54, 
6-55 thereof. The body wall vibrations at the trachea 
(having a wave form shown in FIGURE 2a) are extract 
ed by the microphone 1 and transformed into a (wave 
form shown in FIGURE 2a) are similar to the vocal 
cord waves by passing through the equalizing circuit 2. 
A circuit 3 also is connected to the microphone 1 

through a switch 8 to a timing pulse extracting circuit 3 
which may be of the type described in the paper entitled 
"Extraction and Portrayal of Pitch of Speech Sounds':- 
O. O. Gruenz, Jr. and L. O. Schott appearing in vol 
ume 21, number 5 of the Journal of the Acoustical So 
ciety of America, September 1949, pages 487 through 
495. The timing pulse extracting circuit 3 serves to ex 
tract a series of timing pulses (shown in FIGURE 2b) 
having a period which is equal to the fundamental period 
of the related vocal cord waves. A pitch fluctuation ex 
tracting circuit 4, which may be of the type described in 
the periodical "Electrical Communication' a technical 
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2 
journal published by the International Telephone and 
Telegraph Corporation-volume 23, number 2, pub 
lished June 1946 and appearing on pages 165 through 171 
thereof. The pitch fluctuation extracting circuit 4 is con 
nected to the circuit 3 to transform successive lengths of 
the period (time intervals between succeeding pulses) of 
said series of pulses into a series of varying pulses. The 
extracting circuit 4 includes an amplifying or level shift 
ing circuit for adjusting the voltage value of the pulses 
about a median value. The output of the extracting cir 
cuit 4 is shown in FIGURE 2b. 
A counting and selecting circuit 5 also is connected to 

the output of the circuit 3 and counts the output pulses 
of the circuit 3 in order to obtain an output synchronized 
With the arrival of a desired pulse in the series. The out 
put of the counting and selecting circuit 5, which may be 
of the type described in an article entitled "An Industrial 
Batching Counter” by R. W. Brierley appearing in Elec 
tronic Engineering Magazine-April 1954 issue-pages 
157 through 160, is represented by a wave form shown 
in FIGURE 2c. The pitch fluctuation shown in FIG 
URE 2b, which is the output of the extracting circuit 4 
and the vocal cord wave shown in FIGURE 2a appearing 
at the output of the equalizing circuit 2, are displayed on 
a cathode ray tube 6 with starting of the horrizontal sweep 
being triggered by the output pulse 5 of the counting and 
selecting circuit C. The sweep time of the cathode ray 
tube 6 is adjusted to display the phenomenon desired to 
be observed within a particular time range according to 
the object of the investigation. Thus wave form and pitch 
fluctuation features of the vocal cord vibrations can be 
observed very accurately and quantitatively. 

It is preferable to employ a cathode ray tube of long 
persistency to facilitate direct vision. A reference signal 
generator 7 may be connected, if required, to the circuit 3 
by means of a switch 8 producing a timed series of refer 
ence pulses in order to compare the observed wave with 
the reference signal pulses. 

Having described one embodiment of an apparatus for 
observing vocal cord waves constructed in accordance 
with the invention, it is believed obvious that other mo 
difications and variations of the invention are possible in 
the light of the above teachings. It is therefore to be 
understood that changes may be made in the particular 
embodiment of the invention described which are within 
the full intended scope of the invention as defined by the 
appended claims. 
What we claim is: 
1. An apparatus for observing vocal cord waves com 

prising: microphone means for extracting electrical vocal 
cord waves including pitch fluctuation features of vocal 
cord vibrations from body wall vibrations at the trachea, 
filter means operatively coupled to the output from said 
microphone means for compensating for loss character 
istics of the wall of the trachea to said vocal cord waves, 
and time base display means operatively coupled to the 
output from said filter means for displaying said vocal 
cord waves including the pitch fluctuation features on an 
expanded time base scale for observation purposes. 

2. An apparatus for observing vocal cord waves com 
prising: microphone means for extracting electrical vocal 
cord waves from body wall waves at the trachea, filter 
means operatively coupled to the output from said micro 
phone means for compensating for loss characteristics of 
the wall of the trachea to said vocal cord waves, first 
pulse forming circuit means operatively coupled to the 
output of said filter means for extracting pulses having a 
period which is equal to the fundamental period of said 
vocal cord waves, second pulse forming circuit means 
operatively coupled to the output from said first pulse 
forming circuit means for transforming successive lengths 
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of period into successive variable voltage pulses to ex 
tract pitch fluctuation features, and time base display 
means operatively coupled to the output of said filter 
means and said second pulse forming circuit means for 
displaying said vocal cord waves including the pitch fluc 
tuation features on an expanded time base scale for ob 
servation purposes. 

3. An apparatus for observing electrical vocal cord 
waves according to claim 2 further comprising third pulse 
forming circuit means operatively coupled to the output 10 
from said first pulse forming circuit means for deriving a 
desired synchronizing pulse signal from the output thereof 
and means for Supplying the synchronizing pulse signal 
to the time base display means for synchronizing the time 5 
base Scan thereof. 

4. 
4. An apparatus for observing electrical vocal cord 

waves according to claim 3 further comprising reference 
signal generator means and selector switch means for 
selectively coupling the output from said reference signal 
generator means to the input of said first pulse forming 
circuit means in place of the output from said filter means. 
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