
THE DESIGN OF A MICROCOMPUTER·
CONTROLLED VOICE ONSET

TIME ANALYZER

SEYED M. R. MOEINI, JAMES E. FLEGE, PhD,
MARTIN J. McCUTCHEON, PhD

Reprinted from BIOMEDICAL INSTRUMENTATION &. TECHNOLOGY

Published by HANLEY 8. BELFUS, Inc., Philadelphia, PA



ORIGINAL RESEARCH
.------------------------------------------------------.

The Design of a Microcomputer-Controlled
Voice Onset Time Analyzer
SEYED M. R. MOEINI, JAMES E. FLEGE, PhD, MARTIN J. McCUTCHEON, PhD

In spoken syllables such as "ta," the interval between the
release of the tongue constriction for the stop consonant
It! and the onset of the vowel is called voice onset time,
or VaT. Voice onset time is an important detenninant of
whether the initial consonant will be heard as a It!(values
of 60-90 ms) or as a Id/ (values of 0-30 ms). VaT infor­
mation, immediately following a spoken syllable, can pro­
vide a speaker with feedback for modifying speech pro­
duction. Such infonnation can help the hearing-impaired
learn to speak. It may also help people who learn English
as a second language, since they often produce Ib,d,gl and
Ip, t,kI with inappropriate VaT values. A prototype port­
able device measures VaT for initial voiced and voiceless

stop consonants (e.g., "da" and "ta'? A dual-microphone
method is used for acoustic measurement. A microphone
in front of the mouth picks up the radiated acoustic signal;
another over the larynx transduces vocal vibrations that
mark the beginning of a vowel. Analog circuits process the
transducer signals and provide gain and filtering. Filters

Stop consonants are produced through the buildup

of air pressure in the oral cavity behind a con­
striction, and the sudden release of the constric­
tion. For example, the alveolar stop ItJ and its

voiced counterpart Id/ are produced by moving the tip of
the tongue forward and up to contact the hard palate. When
the constriction is released, an audible transient (release
burst) can be heard. 1The release burst is a wide-spectrum
noise whose frequency depends upon, among other things,
the place of the constriction in the vocal tract.2 For the
voiced (unaspirated) stops in English (Ib,d,gl), voicingmay
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were designed on the basis of the acoustic properties of
stop consonants. The output from each analog circuit is
fed to a comparator that compares the signal level with a
fixed threshold voltage reference. A digital timer starts
when the amplitude of the oral signal voltage exceeds a
threshold and stops when the laryngeal signal voltage ex­
ceeds a threshold. VaT values obtained by the device were
compared with those made from digitalwavefonns of words
spoken by five talkers. The average difference between
the two sets of measurements was 3.5 ms (n = 255).
Software interrupts of the microprocessor timer during
counts and differences between hardware processor tim­
ers may account for some of the differences. Regression
analysis indicated the VaT analyzer to be a valid meas­
urement technique for VaT. The offset in timing (intercept
= 2.4 ms) was due to the method used to detect vowel
onset. (BIOMEDICAL INSTRUMENTATION & TECH­
NOLOGY 1990;24:357-362)

continue without interruption through the period of con­
striction. The aspirated stops in English (lp,t, kI) are quite
different, for there is no voicing during the constriction
interval, that is, before the stop release. Nor are vocal
cords adjusted to a configuration appropriate for vibration
at the time of release. As the constriction is being released,
the vocal cords are being abducted. As they come to­
gether, the size of the glottis decreases and noise is gen­
erated at the glottis. This noise source in turn excites the
vocal tract and creates an aspirated sound. When the vocal
folds are sufficiently closed, the aspiration noise ceases
and voicing for the following vowel begins.

The relative timing of glottal and supraglottal events
distinguishes "voiced" and "voiceless" stops such as Id/

and ItJ. Thus, due to differences in the timing of vocal fold
adduction, voicing for the following vowel begins approx­
imately 50-100 ms after the release burst for ItJ, but only
about 10-20 ms after the release burst for Id/. For the
voiceless aspirated stops, in English, the release interval
is further divided into frication and aspiration intervals. 2
This relative timing of stop release and onset of voicing is
called voice onset time (VOT) by Lisker and Abramson. 3
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