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I. TECHNICAIL PHONIATRICS

A, ELECTROGLOTTOGRAPH AND CONTACT MICROPHONE
FOR MEASURING VOCAL PITCH

h)
A. Askenfelt, J. Gauffin, P. Kitzing */ and J. Sundberg

:ﬁbstréct

The signal from a contact microphone or an electroglottograph is
often more suited for fundamental frequency measurements with simple
analogue circuits than the speech signal itself. In this paper a com-
parison is made between using a contact mic rophone placed on the neck
below the larynx or an electroglottograph for measurement of funda-
mental frequency in connected speech. The advantages and drawbacks
of the two methods are discussed.

Introduction

Two different strategies are generally used for the purpose of meas-
uring the fundamental frequency in speech: low-pass filtering plus zerc-
crossing detection or double-peak-picking. Both t}}ése strategies raise
certain demands on the input signal. For Zero-Ccrossing measurement
the signal wave-form must not have more than one positive or negative
zero-crossing in each fundamental period. For the double-peak-picking
method there must be only one prominent negative and/or positive peak
in each period. These requirements are often hard to fulfill when the
speech signal is recorded by a microphone in front of the speaker’s

mouth. : -

An electroglottograph offers a signal mirroring the opening and clos-
ing of the vocal folds. This is obtained by measuring the variations in
a high-frequency current between two surface electrodes placed on each
side of the neck at the level of the glottis. The variation in the currentis
caused by the difference in the electrical impedance of the tissues when
the glottis is opened or closed and thus corresponds to the fundamental
frequency of phonation. The resulting wave-form generally meats the
demands of fundamental frequency detectors, and electroglottography
ic known as an excellent method for measurements of the fundamental

frequency in speech (Fant et al 1966; Fourcin 1974).

However, in some subjects the signal amplitude from the electro-
glettography may be too low, so that no reliable fundamental frequency

measurements can be made. Such problems seem to occur particularly
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when the carrier frequency is comparatively low {(in the region below

t MHz) and the current from the electroglottograph is too weak.

An accelerometer microphone, henceforth called contact mic rophone,

which is fastened to the neck below the larynx records a signal related

to the ‘sound in the trachea. The wave-form; is rea‘sonably independent
of the articulation because of the high glottal impedance, Moreover,

| the trachea resonances are constant in frequency and more damped

than those of the vocal tract. As a sequel of this, the wa've-forr;a oi a

contact microphone signal is suitable for fundamental frequency meas-

urements and has therefore often been used for this purpose.

As demonstrated above there are two different methods for obtaining
a signal suited for measurement of the fundamental frequency in speech.
The purpose of the present investigation was to evaluate the reliability
of such measurements based on signals from an electroglottegraph

and from a contact microphone.

Equipment

The electroglottograph used was constructed by Rundkvist & Kitzing.
It has a conventional design I(Le Cluse 1977) with a rather low carrier
frequency of 200 kHz and an electrode voltage of .5 V. It contains a
. bistable circuit which is triggered by the signal from the electrodes.
The resulting square-wave signal which has a constant amplitude and
the same fundamental frequency as the electroglottogram is available

at one of the outputs of the device.

The contact microphone (Special Instrument type BC-2) is a simple
accelerometer containing a piezo-electric cheramic disc as the pick-up
unit.  The disc is enclosed in a metal container of {5 mm in diameter
and 5 mm in thickness. It weighs about 20 grams. The contact micro-
phone is run with an amplifier with high input impedance (5 M Q),L which

is built into the connection wire in order to minimize hum,

The fundamental frequency detector (Fonema type 00063) is of the
dual peak sensing type {(cf. Larsson 1977). The positive and negative
peaks in the input signal wave-form trigger a bistable circuit, so that
a4 square-wave output is obtained having the fundamental irequency of

the vibrations sensed by the contact microphone,
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Experiment

Simultaneous recordings were made with the two devices described.
The electroglottograph electrodes were attached to a fork held against
the speaker’s thyroid cartilage. The contact microphone was taped
to the neck about 2 cm below the cricoid car:cilage. The square-wave
signal from the electroglottograph and the signal from the contact micro-
phone were recorded on separate channels on tape. The signal from
an crdinary microphone located 20 cm in front of the speaker’s mouth

wag recorded on a third channel on the same tape, cf. Fig. U-A-1,

Analvsis

A computer program was developed for the aﬁalysis. The input
signal is the sgquare-wave signal from the fundamental frequency de-
tector. As the square-wave signal from the electroglottograph was
distorted by the tape recorder, it had to be restored by means of a flip-
flop circuit, before it was sent into the computer. The rectified and
smoosthed amplitude of the contact microphone signal was simultaneous-
ly fed to the computer on a separate line. For the purpose of inspécting
the results of the measurement, the program plots the fundamental fre-
quency as a function of time together with the amplitude signal men-

tioned, cf. Fig. II-A-2,

When no signal or noise is fed into a pitch detector it generates a
more or less random output. Therefore, it is essential to exclude the
parts of the signal corresponding to unvoiced sounds and pauses. As
the amplitude of the contact microphone signal drops substantially when
voicing stops, this amplitude was used as a gating criterion. The ope-
rator sets an amplitude threshold, and all parts of the fundamental
freq\;ency curve, which are associated with intensities below this thres-
hold, are elirminated from all subsequent calculations perfermed-by the

computer,

For the fundamental frequency curve a non-linear smoothing algo-
rithm is available {(Rabiner et al 1975). The algorithrn uses running
medians for the smoothing process. The resulting fundamental fre-
quency value, .f—n' of an N-point median smoother, where N is an odd
intégez' number, represents the centermost value of a sequence of the

N adjacent samples:
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Fig. lI-A-2. Fundamental frequency and amplitude curves plotted by the
computer. The dotted line in the lowest curve represents
the amplitude threshold set by the operator.
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Running medians have the property of preserving sharp discontinuities
with dgrations exceeding a critical value, wbich dqpends on the size
N of the median smoother. Discontinuities with shorter durstions are
_eliminated. This smoothing is useful for eliminating some types of
errors in the fundamental frequency curve, cf, Fig. I1-A-3, When not

otherwise stated, it was not used in the data presecnted below,

The fundamental frequency values are assorted in frequency classes
1 Hz wide. The resulting fundamental frequency histogram is plotted
on the computer screen. By means of a cursor the operator defines

lim {1 and lim 2 being the lower and upper limits of the relevant fre-

quency range. Histogram contours may be smoothed by an algorithm,
If so, each point Fn along the histogram contour is modified according

to:

F, ) Fn—1+2Fn+Fn+1 ) ,
n- 4 ( }

This smoothing can be repeated several times.

The computer program also calculates some statistics and presents
the results in a new plot, cf. Fig. II-A-4. The statistical values are:
(1) the arithmetic mean of the distribution (MFO),

(2) the mode of the distribution {(Fmax),

(3) the ratio between the parts of the distribution
lying left and right of the mode (BIAS],

(4) the total sample time defined as the sum of the

period times considered in the calculations (TIME).

Also, a triangular approximation of the distribution is presented.
Its top is identical with the mode, and the areas on both sides equal the

corresponding areas under the histogram contour.

Fundamental frequency histograms have been found useful for phoni-
atrical purposes (Kitzing et al 1975;, Fritzell et al 1977). Therefore it
is relevant to study the comparability of such histograms when derived
frqm electroglottograph and contact microphone recordings made simul-

taneously. The entire material of 13 voices was thus cornpared using
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the computer program described above. Thereby, special care was’
taken so as to base the histograms on exactly the same sample of
speech sounds. This was realized by using the amplitude of the con-
tact microphone signal as the gating criterion in both cases, and the
lim 1 and lim 2 were set at identical frequencies in both analyses.

All histograms were smoothed twice, cf. Eq. (2).

Results

Table I1-A-I shows the results obtained from these measurements.
As regards the average of the distribution there is an almost perfect
agreément between the methods. The average difference between the
values based on contact microphone and electroglottograph recordings
is not gréater than 1.0 Hz (SD = .82 Hz). Eventhough this value is very
small, most differences are positive indicating that the mean obtained

from the contact microphone is slightly higher.

As regards the modes of the histograms greater differences are
observed as seen in the same table. This occurs especially in histo-
grams which exhibit several high peaks of almost the same amplitude,
Then a small difference in the measurements may easily make another
peak the highest one. Even if the average difference is as small as
- .7THz (SD = 5.96 Hz) the value of this measure can be questioned,
Probably a more smoothed histogram would vield a more useful value

of the distribution.

The sample time shows very small differences. This is another
indication that the differences in the data obtained by the two methods
are very small. The BIAS measure, on the other hand, suffers from
the discrepancies in the mode values because the BIAS is strongly in-

fluenced by a change of the mode. S5till, the average discrepancy is
_as small as .16 (SD = . 70). If future research will support the assump-
tion that the skewness of the distribution is a relevant measure, it
seems that a more sophisticated measure of the skewness should be

used.

Discussion

As mentioned above there are some differences in the signals re-

corded by a contact microphcne and an electroglottograph. As mentioned
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the contact microphone senses the vibrations is the wall of the neck.
These vibrations reflect variations of the sub"glottic pressure accom-
plished by the vibrating vocal folds acting as a sound genex:ator. Such
pressure variations will be generated even in cases of incomplete glot-
tal closure, such as in leaky phonation (Kitzing & Léfqvist 1975). On
the other hand, the amplitude of the electrogl-ottogrr;xph signal seems

to be strongly dependent on whether or not the vocal folds make con-
tact, cf. Fig. II-A-5a,b, and ¢. This dissimilarity will cause differ-

ences in fundamental frequency data obtained from the two devices.

Another difference is that the electroglottograph cannot be used on
all subjects, as mentioned previously. A thick layer of subcutaneous
tissue in the neck may decrease the signal amplitude substantially.

This is not true in the case of the contact microphone. Three subjects,
which could not be measured with the electroglottograph in our experi-
ment, produced seemingly reliable fundamental frequency data when
measured by means of the contact microphone. (It should be stressed,
however, that the ratio 10:3 is probably not representative for the
percentage of voices that caanot be measured with an eilect.roglottograph.
In selecting the subjects we attempted to choose voices which could

be expected to cause problems for the devices tested.)

A third difference is that the amplitude of the electroglottograph
signal reaches its full value sooner than that of the contact micro-
phone in voicing onsets, cf. Fig, I-A-5d. The fundamental frequency
meter used is somewhat sensitive to amplitude variations and this can
be a cause to some errors in the measurements. By using a more
sophisticated fundamental frequency detector these errors may be

avoided.

A fourth difference is that the electroglottograph wave-form is al-
most independent of the articulation. At least it was generally ve ry
easy to process with the fundamental frequency detector. The contact
microphone wave-form slightly depends on the articulation because of
the finite glottal impedance. In other words, the subglottic sound is
influenced by the supraglottic sound. The resulting changes in wave-
form often cause errors, cf. Fig. II-A-6. Most such errors can be
elii‘ninated with the running median simoother, as can be secen in the

same figure,
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A fifth difference between the two devices is their behavior in
cases of vocal fry. Here, thé vocal folds do not close regularly, so
that the electroglottograph sometimes gives lower frequency readings
than the contact microphone, cf. Fig, II-A-7. However, for very
low-frequency vocal fry phonation the electroglottograph may not al-
ways register correctly the inétances of glottal closure. This is be-
cause the electroglottograph is alsc sensitive to larynx movements
and changes in the constriction of the larynx. These movements super-
impose low-~frequency sigrials on the glottogram and even if a HP-filter
is used errors may occur in triggering the circuit delivering the

square-wave output,

Summari zing one may say that there are several reasons for ex-
pecting slightly differing results in fundamental frequency data o.btained
from an electroglottograph and from a contact microphone: the electro-
glottograph normally depicts the frequency of glottal closures, while
a contact microphone also mirrors the sound 'generated by the vocal
fold vibrations. Mqreover, the variability in the contact microphone
amplitude and wave-form cause spurious errors in the fundarmental
frequency measurement. Therefore, for the purpose of the examining
fundamental frequency events in speech, an electroglottograph should

be tried in the first place.

Conclusions

Both equipments examined in the present investigation have strong
and weak points. As for the electroglottograph it rarely fails when it
functions at all: those voices that can be measured are generally
measured accurately. It records the glottal closures rather than the
sound generated by the vibrating vocal folds. The contact microphone,
on the other hand, can probably be used on all subjects, even in_cases
when the electroglottcgraph fails. The output signal should be LP-
filtered in order to provide a signal suited for fundamental frequency
measurements. The signal mirrors the sound generated by the vocal
fold vibrations. There is no exact agreement between the fundamental
frequency data obtained from the two devices. ' This is a conseqguence

mainly of the fact that variations in the contact inicrophone signal
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wave-form cause errors in the fundamental frequency measurements.
However, such errors can be easily eliminated by a running median
smoother. Also, the frequency of the vocal fold closures is not in-
variably identical with the fundamental {requency of the vibrations in -
the wall of the neck. It depends on how the fundamental frequency is
measured and defined. For example, the fundamental frequency of

the sound differs from the glottal closure frequency in certain instances
of vocal fry. However, when used for building up fundamental fre-
quency histograms the differences in the data obtained by the two de-

vices are negligible for practical purposes.

IFor the practical situation in the phoniatric clinic it seems that
the electroglottograph should be preferred as long as it works, and

replaced by the contact microphone in remaining subjects.
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