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Devices made by people from materials, such as bamboo, wood. ivory and bone, are called
sound generators. A sound generator, which can be put into the throat and produce speech sound by
whistling , is called a voice generator. A dumb person., who suffered from injustice, could not argue in
court for himself. The judge let people put a voice generator in his throat, and asked him to speak. The
speech articulated like puppet talk, but could roughly make sense. His injustice was finally redressed.
The case is worthy of being documented.

From volume 13.1 of an ancient Chinese book titled “Mengxi Bi Tan”  (writing in the Mengxi

Garden ) by Shen Kuo (1031—1095). The story above is translated by Kong Jiangping, 2000.
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Foreword

Phonetic sciences have progressed remarkably over recent decades, dating to
the introduction of the sound spectrograph and the source-filter theory of speech
production in mid-20th century. However, the great bulk of the new knowledge
is focussed on the movements of the tongue, jaw and palate, that is, on the
segmental aspects of speech. While no one would deny the importance of what the
larynx contributes to the speech process, the source of the sourcefilter
partnership, our knowledge here remains sketchy and imprecise.

This relative neglect of the voice is no doubt due to the great difficulty in
observing phonation directly. The vocal folds are well hidden at the base of the
throat, and they vibrate at frequencies which must be slowed down considerably
before they can be seen, measured, and analyzed. The research needs to build
upon the technology of high speed photography via endoscopy, and of the
extensive digital processing which ensues, which is a daunting challenge.

Professor KONG Jiangping took up this challenge as his PhD project,
directly after he came to Hong Kong to study with me. His work took him to
Tokyo University and to the Royal Institute of Technology in Stockholm, to
gather physiological data on phonation, and to learn new methods of analyzing
these data. He has also frequently travelled to all-but-inaccessible villages in
China’s rugged southwest to do linguistic fieldwork, recording the priceless
speech of many languages on the verge on extinction. This volume is the fruit of
much of this dedicated labor.

The volume is a major contribution to our knowledge of phonation-its various
modes of vibration and detailed mechanisms for their production in selected
languages. As such it provides valuable knowledge to areas of medicine concerned
with the voice and its disorders. It is also important to areas of the arts concerned
with how the voice is harnessed for a diversity of astonishing effects in various

musical cultures.

¢ —



Laryngeal Dynamics and Physiological Models

There are of course many other applications of the new knowledge contained
in this volume that one can think of. From the perspective of language evolution,
which is my own area of interest, the new knowledge promises a deeper
understanding of how tone languages arise. Some 40 years ago, in discussing the
phonological features of tone, I wrote:

“They have a particularly close relation, synchronically and diachronically,
with features which are controlled primarily at the larynx, e. g., voicing,
aspiration, glottalization, length, breathiness, etc. This relation is easily
understandable since the primary determinants of tone is the rate of laryngeal
vibration.”

Now Professor Kong has not only deepened our understanding of laryngeal
vibration by physiological research, he has also collected much data on Tibeto-
Burman languages in China’s southwest. These languages range over the entire
spectrum of being non-tonal to more or less tonal to fully tonal, such as Chinese.
To satisfactorily answer the question of how languages become tonal, we need to
precisely plot the evolutionary trajectory of these languages, bearing in mind all
the relevant laryngeal activities as they interact with the segmental systems. The
same methodology can be applied, of course, to other areas of the world where
tone languages are spoken. I believe that this volume opens up an important new

avenue of linguistic research, and recommend it to the field with enthusiasm.

William S -Y. Wang
Academia Sinica, Taibei
Chinese University of Hong Kong

International Institute of Advanced Studies, Kyoto
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Preface

The development of science depends on two aspects, one is the discovery of
the nature of the world, and the other is the application of new technology. In the
research of voice science, many techniques have been developed, such as: 1)
fiberoptic observation, 2) laryngeal electromyography, 3) photoglottography, 4)
electrog-lottography, 5) high-speed digital imaging, and 6) inverse filtering in
acoustical analysis. Among these techniques, high-speed digital imaging is the
one with the most potential in the recent decade.

The technique of high-speed filming appeared in the 1930s, which had been
first used in the study of vibration of voeal folds in Bell Telephone Laboratories in
1937. Since it is extremely costly and complex in operation, it has not been
widely used in the research of vibration of vocal folds and the diagnosis of
pathological voice in hospitals. With the development of video technology and
computer, high-speed digital imaging has replaced the position of high-speed
filming in the area of voice science. At present, most of the studies have been
done in hospitals by medical doctors who observe and explain the cases of
pathological voice, and only very few parameters have been extracted and used for
systematic research.

The questions that can be raised are: ‘Can high-speed digital imaging be used
to study the vibration of vocal folds quantitatively?’ and ‘Can this technique be
used to establish a physiological model based on the parameters of dynamic
glottis?’ To answer these questions is the aim of this research. The research has
two parts: 1) to study and quantify the dynamic glottis of different phonation
types by developing an effective platform of image processing and parameter
extraction, and 2) to study the relationships between the dynamic glottis and the
glottal source by establishing a model to simulate the vibration of vocal folds.

The objectives we are pursuing are 1) processing the image and extracting
the parameters automatically, 2) describing the properties of different phonation
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Laryngeal Dynamics and Physiological Models

types quantitatively, and 3) modeling the dynamic glottis mathematically. In
accordance with these objectives, the book is divided into 4 parts and has 10
chapters. The 4 parts are: 1) image processing and parameter extraction, 2)
analysis of different phonation types, 3) the nature of phonation and
quantification and 4) model construction and glottal synthesis.

A high-speed digital image system called ‘VoiceLab Image’ has been
established for the study of vibration of vocal folds through the dynamic glottis.
After the analysis and study on different phonation types, it has been confirmed
that the system is an effective and useful tool. It has functions to process the
images automatically, such as image rotation, contrast adjustment, shift
adjustment and area detection. It can extract parameters automatically and
calculate them statistically. The parameters extracted by this system cannot be
obtained by other techniques, such as the methods used in speech acoustics and
physiology. There are 24 basic parameters, such as F0, the left and right glottal
area functions, the speed and open quotients of the glottis, and the direct current
component. Of these parameters, ten parameters are calculated statistically, such
as the index of left and right glottal area balance, the index of symmetry of the
dynamic glottis, and average ratio of glottal shape.

Based on these parameters, different phonation types have been analyzed and
explained. In this book, three types of materials of the high-speed digital images
are analyzed and studied. They are 1) the modal voice with different pitches, 2)
the special phonations including falsetto, vocal fry, breathy voice, inspiration and
diplophonia, and 3) the phonations with gliding pitch and in the basic tones in
Mandarin. Many properties and features have been found and specified through
the analysis. Then, 3 modes of dynamic glottis, 7 types of glottal pulse and 8
types of glottal period, such as the leakage and open modes, the double and triple
glottal pulses and the supra-glottal period, are defined. Based on these, the
definition of fundamental frequency and the method of decomposing the
asymmetrical glottal area are discussed.

The quantification of phonations through the high-speed digital imaging is
part of the research objective. In this study, three kinds of quantification have
been discussed. The first is the quantification of phonation types. The second is
the quantification of parameters. The third is the quantification of the
relationships among the parameters. The phonation types have been quantified

4

PR TN



Preface

through the averaged statistical parameters obtained by using the method of
correlation analysis and classification. The result shows that the phonation types
can be specified and defined by parameters of high-speed images quantitatively.
The different types of parameters are also quantified by the methods of correlation
analysis and classification. The result indicates that the parameters can be
considered as two types, the basic parameters and the individual parameters. The
basic parameters are defined as those, which have relationship with each other,
and the individual parameters are defined as those, which have no relationship
with other parameters. The quantification of relationships among parameters has been
done by establishing relation functions through polynomial curve fitting. Fourteen
relation functions of parameter pairs are finally established, which reflect the natures of
different phonation types and form the basis of the physiological model.

A physiological model of dynamic glottis has been established on the model
of static glottis in three modes and the model of the dynamic parameter control.
The model of the static glottis has been established by the basic parameters of the
glottis through the basic mathematical formulas of ellipse, square, rectangle,
triangle and trapezoid. The models of the parameter control function are
constructed by the parabola function and the function approximated by sinusoid.

Based on the physiological model, a synthesis system of dynamic glottis has
been established to study the relationship between the dynamic glottis and the
glottal source. Using the system, three kinds of glottal sources are synthesized
for different purposes. Firstly, five different types of glottal pulses have been
synthesized. Secondly, the properties of phonations with different FO, different
SQ, different OQ, and both different FO and OQ have been studied. In addition,
the properties of the balance and unbalance of the left and right glottal areas, the
symmetry and asymmetry of the left-right glottal periods, and the shift of the
contour of the control function have also been investigated. Thirdly, six
phonation types are synthesized with actual formants@ for engineering purpose.

Finally, a general conclusion has been drawn and further researches on
vibration of vocal folds through high-speed digital imaging in the areas of voice

pathology, speech acoustics and phonetics are suggested.

@ See chapter 9.
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