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RELEASE RATES FOR [t] IN VCV SEQUENCESESTIMATED FROM AERODYNAMIC DATA
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ABSTRACT
According to Stevens [1], ”quanti-

tative data must be obtained on rates
of release and closure of articulators”.
Here, we use aerodynamic data in an
orifice equation to estimate the rate of
increase in the cross-sectional constric-tion area for [t] in different vowel con-
texts for 10 English speakers. Analy-
ses of the results indicate that in mostcases, the rate of release of [t] is signif-icantly faster when an open vowel fol-
lows than when a close vowel follows.
RECORDINGS

Some data were recorded in 1987/88for 10 adult speakers of Received Pro-nunciation English as part of the AlveyProject MMI 009, Speech Pattern Al-gorithmic Representation, and are re-ferred to henceforth as the SPARdatabase. The speakers are: HB, JH,SR, GB, EA (female) and JM, MA,DH, JW, MB (male).
The recording sessions were carriedout in the Department of Linguisticsand Phonetics at the University ofLeeds. Four channels of data wererecorded onto FM tape: sound pres‘sure (microphone signal), laryngographsignal, volume flowrate of air, inter-preted as oral airflow for non-nasal se-quences (measured with a Rothenbergmask) and intraoral air pressure (mea-sured with an orally-inserted polyethy-lene tube). The airflow and air pres—

sure signals were low-pass filtered hat
50H2 before being recorded onto a min-
gograph along with the other two (un-
filtered) signals.

MEASUREMENTS
The speech material analysed

formed part of Set 02F of the SPAR
database. This consisted of repeated
[paCV] sequences where C and V stand
for various consonants and vowels re-

spectively. Sequences in which C = M
and V = [i:, (1:, 0:, u:] were selected for
analysis. Repetitions 2, 3, 4, 5 and6

of each vowel context were analysed for

each speaker. Measurements of airflow

and air pressure were made at 10ms

intervals following the plosive release,
with the time of release defined from

the rapid increase in flow from zero 0!

near-zero. Using an orifice equation],

the increasing minimum cross-section?
area of the vocal tract constriction is

estimated. The equation is:
Ac = 0.00076 X Uc/Pc‘”

where A; is the minimum. cross-

sectional area of the constriction (If:

cmz)$ Uc is the volume flowrateofg:e

through it (in c1723/s), and Pa {stion
pressure drop across the co'nsu'lcdis-
(in cmH20); the orifice equation is

cussed in more detail in Scully (2]

RESULTS
. . .5,

Graphs of constriction area agai;t

time are plotted. The graphs sugg
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that the increase in constriction. area

in the initial part of a. [t] release is ap-
proximately linear, and that the release
is faster in the open vowel contexts ([oz]
and (02]) than the close vowel contexts
([i:] and [u:]). As examples, graphs for
[ti:] and [tuz] are presented for Speaker
H3 in Figure 1. . .

Based on the area increase in the ini-
tial 50ms following the release, rates of
release are calculated for each repeti-
tion. Release rates (with means and
standard deviations) are presented for
the different vowel contexts for each
subject in Table 1. . .

A one-way analysis of variance indi-
cates that there is a very highly signifi-
cant effect of vowel context on the rate
of release of [t] for all speakers except
DH and EA (P S 0.001).

DISCUSSION
Of the vowels analysed, [oz] is likely

to have most lip-rounding for Received
Pronunciation speakers. Lip-rounding
may begin during the consonant due
to processes of coarticulation and so
there may be a significant pressure drop
acress the rounded and protruded lips.
In such a case, the pressure drop across
the alveolar. constriction may be less
than the measured intraoral air preS-
sure suggests. Therefore constriction
area values calculated with the orifice
ecluation for this vowel context may be
Under-estimating the actual values.

The release rates calculated here are
generally consistent with the range of

5‘2UCm2/s estimated by Fant (3] if?!“
aCOustic analyses of formant transrtion
patterns studied from spectrograms of
plosives.

Massey [4] estimated a typical release
We of 100cm2/s for labial and alveolar
plosives (compared to 25cm2/s for velar
plosives). This value seems rather high
compared to the results here, even for
t eOpen [at] vowel context. '

easurements of X-ray data for [t
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F'gure 1‘ Graphs of release of (i) [ti:]i .
and (ii) [to:] for Speaker HB.
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for a male speaker of North-American

English have demonstrated that the ve-

locity of tongue movement following
consonant release is ”dependent on the

target configuration of the following

vowel" [5]. Those articulatory data are
consistent with our aerodynamically-
derived constriction area estimates,
which have suggested that the articula-
tory release of the English plosive [t] in
VCV sequences is faster when an open
vowel follows than when a close vowel
follows.

CONCLUSIONS

In the orifice equation, the mea~
sured intraoral air pressure is actually
the pressure drop across the constric-
tion, the teeth and the lips, and SO
the results do not necessarily indicate
an actual single constriction of the vo-
cal tract. However, the constriction
area estimates derived from the aero-
dynamic equation do indicate consis—
tent effects for a [t] release in differ-
ent vowel contexts (faster when an open
vowel follows than when a close vowel
fOllo‘ws) and these are likely to produce
Consrstent effects in the corresponding
acoustic signal.

The shape of the vocal tract con-
striction and its position along the vo-
cal tract length will also have acous-
tic effects which are manifest through-
OUl the transition to a following V0W€1
161 Both these parameters are likely to
vary for [t] in different vowel contexts.
New methods for gathering articulatory
data, Such as enhanced electropalatog-
”1t 17], COuld provide invaluable in-
0rmation about the three-dimensional

Shape of the vocal tract constriction.

LOISImUItaneous recordings of articula-

y, a’~‘F0dynamic and acoustic data
could‘help our understanding of the
mappmg betWeen all these different as-
fifths, and 0f the enormous complexi-

involved in speech.
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