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SPEECH PRODUCTION MECHANISM

> Byoung W. Kim

Speech Science Laboratory University of Wisconsin-Milwaukee, Milwaukee, Wisconsin 53201
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Traditionally, :the speech producing apparatus is often divided into respiratory
(subglottal; pulmonary), phonatory(glottal; laryngeal), and articulatory-resonatory
(supraglottal; oral-nasal-pharyngeal) subsystems. The glottal and supraglottal

fixed componsnt

£ subsystems are collectively called the vocal
reto | tecomemen tract or upper airway. Speech production is
e fes « . also arbitrarily divided . into respiration,
e ALVES | . . . T
m[ ; ' . " . phonation, and ' articulation-resonation.
} However, the speech production system is a
' > et unitary system of which various functional
' components Coordinate . their = movements
, N e .
: % . j e spatially and temporally. Speech production
b ‘ 2\} cl res system is made of several functional compo-
1 {: 3 j , nents(FC) which either generate or valve the
oo ‘ g9 speech air stream. In this context, functional
\i' Ko 0o G J«cﬂ i
&

/ components include only muscles and movable
——r22 rea—eg} - structures. Fixed structures -such as the
upper teeth, the roof of the mouth(alveolus
Figure 1. Structural-Functional Model

 of Speech Production Mechanisms and hard palate), and the nasal cavity are

— 301 —



the mechanical components which are supportive to the functional components(See.
. Figure 1). Although skeletal frameworks(laryngeal skeletal framework, thoracic
skeletal framework, and facial skeletal framework) provide bio-mechanical protections
and supports for speech ahdhother biological functions, they are not describedin this
model. A functional component in this ‘model is defined as a muscle group or movable
structure working to generate or ‘valve the speech air stream. A simplified
description of the functional components is as follows. The multiple structural inter-
connections among the functional components 4,5,6,7,8,9 are significant: Respiratory

Sub-system of Speech Production Apparatus Functional Components Mechanical Analogy
) FC 1: Inhalation Muscles———
Lower Airway—Subglottal Sub-System—|—FC 2 : Exhalation Muscles————|—Respiratory Pump

——FC 3: Non-muscular .Force

~—Glottal Sub-system-————FC 4: The muscles that regulate—Glottal Valve
glottal adjustments

—FC 5: The muscles that shape
and valve the orolaryngo —Pharyngeal Valve
.pharynx :

——FC 6 : The muscles that regulate —Velopharyngeal
the velopharyngeal sphincter Valve

Upper Airway — , ?——FC 7 : The muscles that regulate—
—Supraglottal ) the tip, the middle
(Vocal Tract) Sub-system ) (dorsumbl'ade), and the
. (Oéﬁilmalﬂgsyasal » back (radix) of the tongue _Lingual Valve

——FC 8: The muscles that move
the jaw and consequently._
mandibular teeth —

-;-—FC 9 : The muscles that regulate——Labial Valve
the oral orifice :

—FC10 : The muscles that regulate—Nostrillar Valve
nasal orifice ‘

pump generates airflow, which is basic physiological energy (driving force) for
speech, and several upper airway valves such as glottal, pharyngeél, velopharyngeal
lingual and labial valves(nostrillar valve may be active only in pathological speech
due to velopharyngeal incompetency) valve airflow to produce acoustic features. In
essence, speech productioﬁ is temporospatial coordination of respiratory pump and
several selected upper airway valves to produce articulatory distinctive features
required for a given phoneme to be categorically perceived as the intended phoneme.

The aerodynamic parameters of speech production mechanisms is shown in Figure
2. The basic role of the functional components and 2 is to provide and keep the air
pressure inside the lungs(subglottal air pressure: Ps) relatively constant at the
desired level for speech(with some variations for suprasegmental features) in the
face of changing static relaxation pressure(non-muscular force) of the respiratory
‘system provided by the functional component 3. The subglottal air pressure
responsible for producing glottal airflow is the physioiogical index or the basic
driving force for speech production. The effect of the coordinated movements of
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Figure 2. Aerodynamic Model of Speech Production Mechanisms
these 10 functional components is to create a series of rapidly changing air pressures

and flows at various points: along the vocal tract. In other words, when the
respiratory pump and several upper airway valves coordinate their movements,
aerodynamic pattern is determined in terms of air pressures at several points within
“the vocal tract, pressure differentials across the valves, aerodynamic resistances at
the valves, and volume veldcity of airflows at the valves. The rate at which air
flows(volume velocity of airflow or airflow rate) through any of these valves .is
determined by the aerodynamic resistance provided by the valves and the magnitude
of the pressure drop across the valve. Thus glottal airflow rate is determined by
the glottal resistance and the pressure drop across the glottis. Aipflow rate through
the nasal channel, in turn, is determined by the combined series resistance of the
velopharyngeal port, the nasal cavity, and the nostrils. Finally,. airflow through
the oral channel is a function of oral channel resistance which s a net total of the
combined series resistance of the tongue, the lips, .and the pressure drop across
these structures. In essence,\ the aerodynamic pattern which is a result of tempor-

- ospatial coordinations of functional components of the speech production system
determines the nature of acoustic sources and filters.

The acoustic process involved in the production of speech sounds can be viewed
as the excitation of the vocal tract configuration by one or more sources of acoustic
energy according to acounstic source-filter fheo'ry of speech production proposéd by
Fant(1960). The basic driving force for -speech production is provided by the
respiratory pump in the form of airflow. The aerodynamic energy present in the
form of flowing air converted into acoustic energy at the glott;il valve or at any
one of the several valves along the vocal tract which can be constricted to different
.degrees by muscular force. Valving is the mechanism for generating acoustic
sources(a voice source at the glottal valve, and turbulent and transient noise sources
“at the glottal and/or supraglottal valves) and determining the nature of their
modulation(excitation). All the upper airway valves except for the velopharyngeal
valve serve dual functions; they generate acoustic sources(source function) and the
alter the shape of the vocal tract, which, in turn, determines the resonating
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charécteristics(filter function). Nasal channel is relatively . fixed .filter and’ oraI:
channel is variable and dynamic filter. The velopharyngeal valve determines the
degree of acoustic coupling between the two filters. The acoustic model(Figure 3) is
based on the acoustic source-filter ‘theo‘ry which is, In essence, that the acoustic
characteristics of speech sound at the mouth opening are dependent upon  the
acoustical properties of the sound ;SOLII'CG(OI‘ soui*ces) and the time-varying change .

ACOUSTIC SOURCE GENERATOR ACOUSTIC MODULATOR (Resonator}
(Source Function) . (Filter Function}

Vorce Saurce Fixed Filters
. : {Nasal Channel) | -
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Figure 3. Acoustic Model of Speech Production Mechanisms
_in the three dimensional geometry of the vocal tract.. The segmental features of

Kim’s feature system were directly derived from the acoustic model of speech
production mechanisms. Three source function features were derived from the

source generators. They are voice source, transient noise source and turbulent
noise source. Eight filter function features(resonation features) were derived from
the first-order approximation of the time-varying change - of the three dimensional
geometry of the vocal tract. They are oral-nasal coupling, retroflexion, lateralization
labial configuration, speed of vocalic transition, number of lingual target, point
and degree of major upper airway constriction. The source features are not
fully independent of filter features since movements of upper airway valves have
dual function: they generate sources while they determine vocal tract shape. In
essence, differing speech sounds are associated with differing acoustic sources and
differing vocal tract tshapes. The acoustic characteristics of speech ' sound at the
mouth opening are dependent upon the acoustical properties of the sound source
(sources) and the time-varying changes in the three-dimensional geometry of the
“vocal tract.
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