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Vocal fold closure and speech event detection using group delay

Hideki Kawahara!? and Yoshinori Atake?®

IFaculty of Systems Engineering, Wakayama University, 2CREST
3Nara Institute of Science and Technology
1930 Sakaedani, Wakayama, Wakayama, 640-8510 Japan
kawahara@sys. wakayama-u.ac.jp

Abstract A new procedure for event detection and characterization was proposed based on group delay
and fixed point analysis. The proposed method enables to detect precise timing and spread of speech event like
a vocal fold closure. A mapping from the center of a Gaussian time window to the mean time provides event
locations as its fixed points. Refining these initial estimates using minimum phase group delay functions derived
from the amplitude spectra provides accurate estimates of event locations and durations of excitations of each event.
The proposed algorithm was tested using synthetic speech samples and natural speech database of simultaneously
recorded sound waveforms and EGG signals. These tests revealed that the proposed method provides estimates of
vocal fold closure instants with timing accuracy within 40us to 200us standard deviations. The proposed method
is implemented as a real-time oriented algorithm based on heavy use of FFTs without introducing any iterative
procedures. The proposed method is potentially a very powerful tool for speech diagnosis and constructing very
high quality speech manipulation systems.

key words group delay, fundamental period, vocal fold closure, minimum phase, electroglottograph
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O 1: Time domain event extraction. The original
speech waveform is plotted at the top of the figure. The
diagonal solid line represents the mapping from the win-
dow center location to the mean time. Small cirlces

represent the extracted fixed points.
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0 2: Estimated durations of events and the original
waveform using the time domain procedure.
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0 3: Estimated durations of driving signals of events
and the original waveform using the spectral domain
compensation.
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0 4: Updated event locations and the original wave-
form at the beginning of the utterance. Event energy
concentration is represented by the vertical stems.
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O 5: Snapshot of a demonstration video to illustrate
operating principles of the proposed event extraction
method. Top left panel shows speech waveform and the
time window. Dark solid thick vertical lines represent
the initial mean time estimates. Light solid thick ver-
tical lines represent the compensated mean time esti-
mates.
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0 6: Extracted excitation position and extimated stan-
dard deviation. The test signal is a synthetic signal with
1 ms for the standard deviation.
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O 1: Synthetic speech samples and their conditions
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O 7: Synthesized waveform and extracted events.

measure location (us) SD (us)
SN (dB) 60 40 20| 60 | 40 20
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SYN3 4.2 5.3 | 61.3 | 0.5 | 33| 214
SYN4 -15.5 | -14.6 | 39.0 | 0.9 | 3.4 | 19.5

O 2: Event accuracy for synthetic vowel /a/.
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O 8: Distribution of event location and peak factor for
SYN4.
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O 9: Distribution of event location and peak factor for
a male speaker (M04).
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0 10: Distribution of event location and peak factor for
a female speaker (F06).

number of cases
EN
i

w
I

40 80 120 160 200
standard deviation of location error (i s)

0 11: Histogram of standard deviation of location es-
timation errors. Filled bars represent female results.
Open bars represent male results.
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