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1. INTRODUCTION

This paper describes two measures of the gross time-structure of laryngeal
activity during speech. The measures were first mentioned in [1] in connection
with the comparison and evaluation of pitch estimation devices. However, at
that time the work was still at a preliminary stage. The work reported here is
concerned with the development and verification of the technique and has three
major aims:

(i) the verification of input and analysis procedures
(ii) the estimation of optimum input semple size
(iii) the description of salient features of the measures

The first of the measures, Sx, is the probability-density function of the
durations of periods when vocal fold vibration is sbsent. In Fig. 1 (a), which
shows annotated speech pressure (SP) and laryngograph (Lx) waveforms for the
utterance [apapa], together with estimates of the durations of laryngeal period
(Tx) derived from the Lx waveform [2] , the two periods of laryngesl silence
are marked as Sx1 and 5x2. These correspond to the two intervocalic plosive
segments. In general, the interruption of phonation during speech is caused by
one of two events. First, a pause on the part of the speaker will be marked by
the cessation of vocal fold vibration. Secondly, the production of many
obstruent consonant segments, whether phonologically voiced or voiceless in the
language concerned, is also likely to ceuse a break in phonation. In Fig. 1
(b), for example, the period of laryngeal silence, marked as 5x1, corresponds
to the voiced plosive segment [b:] in the utterance [wamab:a].

The second measure, Vx, is the probability-density function of the durations of
uninterrupted periods of vocal fold vibration. In Fig. 1 (s) there are three
such periods, marked Uxl - 3, corresponding to the vowel segments, while in
Fig. 1 (b) there are two, the first, Vxl, corresponding to the sonorant
sequence [wama] and the second, Ux2, to the final vowel.

2. INPUT AND ANALYSIS

Both Sx and Vx are computed from a Tx representation of speech (see Figs. 1 (a)
and 1(b)), using a suite of programs written for a BBC microcomputer,
Typically, Tx is available in real time from the output of a layryngograph
processor [2] or are estimated from the speech pressure waveform by one of
several means (see [3] for a review). Tx values are input to the micro where
they sre stored to 15 bit accuracy. The Tx values below 32 ms are stored in
microseconds and values above 32 me are stored in milliseconds. The second case
is signalled by setting the most significant bit of the two-byte word. When
the input is terminated by the user or the microcomputer's memory is filled,
the file of Tx values is written to floppy disk for further analysis.
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Figure la: Speech pressure, laryngograph and Tx waveforms
for [apapal] spoken by a normal adult male
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Figure lb: Speech pressure, laryngograph and Tx waveforms
for [wamab:a] spoken by a normal adult male
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A maximum of 12544 Tx samples cen be stored and this corresponds, on average,
to about 2.5 - 3 minutes of speech for e male speeker and 2 - 2.5 minutes for a
female.

The Vx and Sx analysis progrems can deal with multiple Tx file input and
therefore are capable of producing an enelysis of an indefinitely long speech
sample. Both enalyses result in a histogram of percentege frequency of
occurrence 88 a function of qyentised duration. In the case of S5x, the
duration concerned is simply thet of Tx velues between 32 me (the threshold
value for voicing) and 32 secs. Thie renge ie divided into 128 logarithmically
releted intervals. Vx displays the summed durations of Tx occurring between
two successive sbove-threshold values. The range of durations for this
histogram is 1 ms ~ 10 seconds end this again is divided inta 128
logarithmicelly related intervals. The vertical scale of bath displays is also
logerithmic. The mnelysis procedures compute & veriety of statistirs of the
distribution, including mesn and stendard deviation. Exsmplea of Sx and Vx
distributions for two male speakers may be found in Figs 2(a) and 2(b). These
were the result of anslysing recordings of a reading lasting approximately 16
minutes.

3. VERIFICATION OF INPUT PROCEDURE

As has been explained, the Tx values are stored in the computer in two forms
indicated by bit 16 of the data word. To test the input procedure of the
system it was necessety to apply two pulse treins to the computer, one with a
fundamental period above and one below the 32 me breakpoint. The frequencies
applied were 1100 Hz and 15 Hz which gave values in the Tx data files of 038Ch
and 5043?, corresponding to 908 microsec and 67 ms respectively (1101 Hz and
14,92 Hz).

4. VERIFICATIDN OF ANALYSES

To test the snalyses, & dummy Tx data file was constructed containing known Sx
and Vx intervals. The data file was Filled using & linear progression of y=x
which produces s distribution showing clearly the effect of the logarithmic
probability scale as seen in Figs. 3(a) end 3(b)

5. ESTIMATION OF OPTIMAL INPUT SAMPLE SIZE

fig. 1 shows that the phonetic structure of the input text will have a major
effect on the final form of both Sx and Vx enalyses. The question arises
whether it ie possible find, for a particular style of speech {(free informal
conversation, lecturing, reading and the like), a size of input semple st which
the distributions of Sx and Vx become steble in the sense that further input
will cause only minimal alterations in their shape. This could then be
recommended as the minimum input sample.

In order to discover if such a minimum input sample exlats for Sx and Vx and to
attempt to estimate its size a procedure was followed which wes anelogous to
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Figures Ja & 3b: Vx and Sx plots for linear interval dasta.

that used in [4] to estimate the stability of speech fundamentsl period
dietributions. The recordings used to produce the distributions in Fig. 2 were
divided into spproximately 1 minute segments and Sx and Ux distributions were
produced for the first of these segments, then the first snd second combined
and 80 on, At esch stage the mean and standard devietion of the distributien
was calculated. The resulte are ere presented in Fig. 4,

Fig 4(b) shows that the mean 5x value for each spesker settles down to a
constent velue - after 11 minutee for epesker JM and efter 7 minutes for
speaker DH. The corresponding ssmple sizee can be found in the tebles relating
sample size to duration. They are 1385 and 1010 samples respectively. The
stendard devistions for Sx for the two speekers are plotted against incressing
sample duration in Fig. 4(a). Both functiona settle to a constant figure after
13 minutes, although there ie only minimal change after 10 minutes. The sample
size at 13 minutes is 1611 samples for JM and 1759 for OH.
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Figure 4: Graphs of mean and standard deviation changes in 5x and Vx.
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Turning now to Vx, Fige. 4{(c) and 4{(d} show that the mean and standard
devistion for both spemskers sre constant after 11 minutes of speech input. The
semple sizes are 1384 samples for JM and 1486 for DH.

It would appear then that an irput duration of 10 - 11 minutes of speech which
produces a sample size of around 1400 might tentatively be taken as a minimum
input for these distributions.

It must be emphasised that the ebove findings are only necessarily velid for
the style of speech investigated, which may be characterised as unprepared,
reasonably fluent reading at moderate tempo.

6. GENERAL CHARACTERISTICS OF Sx AND Vx

Figa. 2(a) and 2(b) shaw that Sx for both spesker DH end spesker JM is clearly
bimodal for the style of speech investigated. The lower values mode is
dominent in both cases. One explanation for this feature is that it reflects
the two differing causes of phonation breske mentioned ahove. The
concentration of lower values maey be due to the accurrence of obstruent
segments, while the concentration of higher values is probebly caused by pauses
or hesitations by the spesker. Such pauses are relatively infrequent in this
style of speech.

The Vx is essentially unimodal for both speakers end this reflects the fact
that a Vx period haes only one phonstic correlate, that is an uninterrupted
sequence of sonorant segments.

7. CONCLUSIONS

While it would be lnsccurate from both the linguistic end ecoustic viewpoints
to regard the larynx as & simple two-etate device, it is clear that the
alternsting presence and ebmence of vibratory activity in the larynx and the
consequent periodic excitation of the vocal tract or leck thereof is e basic
feature of normal human speech. It is therefore to be expected that meny
features of the opeech situation may be reflected in the time-structure of
vocal fold vibration.

This investigation has estoblished, at least tentatively, that for one specific
style of speech, the distributions of the two messures of time-structure become
stable with an input sample of manageable eize. There is a need, however, to
investigate how the meesures behave when aspects of the speech situation ere
varied. These include speech tempo, formality of speech, sex of epesker and
speaker sccent. Also it is likely that many types of structural or functional
abnormality of the larynx will have conseguences for the shepe of both Sx and
Vx distributions. The usefulness of these meesures as part of a diagnostie
procedure together with other snelyeee of larynx ectivity {see [5]) needs ta be
investigated.
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