


22 The Mechanism of Speech Production

Table 2.5. Glides and semi-vowels

Place
Palatal /il you
Labial /w| we
(no final form)
Palatal /r/ read
Alveolar 1 let
W (WE) J Cvou) T (READ) 1 (LEm

i

Fig. 2.9. Vocal tract configurations for the beginning positions of the glides and semivowels.
(After POTTER, KOPP and GREEN)

2.225. Combination Sounds: Diphthongs and Affricates. Some of the
preceding vowel or consonant elements can be combined to form basic
sounds whose phonetic values depend upon vocal tract motion. An
appropriate pair of vowels, so combined, form a diphthong. The diph-
thong is vowel-like in nature, but is characterized by change from one
vowel position to another. For example, if the vocal tract is changed
from the /e/ position to the /1/ position, the diphthong /e1/ as in say is
formed. Other GA diphthongs are /1u/ as in new, /o1/ as in boy; /au/ as
in out, /a1/ as in I, and /ou/ as in go.

As vowel combinations form the diphthongs, stop-fricative combina-
tions likewise create the two GA affricates. These are the /t[/ as in chew
and the /d3/ as in jar.

2.3. Quantitative Description of Speech

The preceding discussion has described the production of speech in
a completely qualitative way. It has outlined the mechanism of the voice
and the means for producing an audible code which, within a given
language, consists of distinctive sounds. However, for any transmission
system to benefit from prior knowledge of the information source, this
knowledge must be cast into a tractable analytical form that can be
employed in the design of signal processing operations. Detailed inquiry
into the physical principles underlying the speech-producing mechanism
is therefore indicated.
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The following chapter will consider the characteristics of the vocal
system in a quantitative fashion. It will treat the physics of the vocal
and nasal tracts in some depth and will set forth certain acoustical
properties of the vocal excitations. The primary objective—as stated
carlier —is to describe the acoustic speech signal in terms of the physical
parameters of the system that produced it. Because of physiological
and linguistic constraints, such a description carries important implica-
tions for analysis-synthesis telephony.

ITI. Acoustical Properties of the Vocal System

The collection of olfactory, respiratory and digestive apparatus
which man uses for speaking is a relatively complex sound-producing
system. Its operation has been described qualitatively in the preceding
chapter. In this chapter we would like to consider in more detail the
acoustical principles underlying speech production. The treatment is
not intended to be exhaustive. Rather it is intended to circumscribe the
problems of vocal tract analysis and to set forth certain fundamental
relations for speech production. In addition, it aims to outline techniques
and method for acoustic analysis of the vocal mechanism and to indicate
their practical applications. Specialized treatments of a number of these
points can be found elsewhere®.

3.1. The Vocal Tract as an Acoustic System

The operations described qualitatively in the previous chapter can
be crudely represented as in Fig. 3.1. The lungs and associated respira-
tory muscles are the vocal power supply. For voiced sounds, the expelled
air causes the vocal cords to vibrate as a relaxation oscillator, and the
air stream is modulated into discrete puffs or pulses. Unvoiced sounds
are generated either by passing the air stream through a constriction in
the tract, or by making a complete closure, building up pressure behind
the closure and abruptly releasing it. In the first case, turbulent flow and
incoherent sound are produced. In the second, a brief transient excita-
tion occurs. The physical configuration of the vocal tract is highly
variable and is dictated by the positions of the articulators; that is, the
jaw, tongue, lips and velum. The latter controls the degree of coupling
to the nasal tract.

1 For this purpose G.FANT, Acoustic Theory of Speech Production, is highly
recommended. Besides presenting the acoustical bases for vocal analysis, this volume
contains a wealth of data on vocal configurations and their calculated frequency
responses. An earlier but still relevant treatise is T. CHiBA and M. KAnrYyAMA, The

Vowel; Its Nature and Structure. Another excellent and more recent analysis of vowel
articulation is G. UNGEHEUER, Elemente einer akustischen Theorie der Vokalartikulation.



