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ABSTRACT

Articulatory synthesis is a computational technique

for synthesizing speech by controlling the shape of the

vocal tract over time. Research at Haskins Laboratories

on articulatory synthesis began with the arrival of Paul

Mermelstein in the early 1970s. While at Bell

Laboratories, Mermelstein had developed a vocal tract

model that is often referred to as the Mermelstein model

[1]. This model is similar in many ways to that of Coker

[2] and colleagues [3], but was developed independently.

The Mermelstein model allowed for a specification of

vocal tract shape in the midsagittal plane in terms of a

small set of articulators, including the jaw, tongue, tip,

lips, and velum. At Haskins, Philip Rubin, Thomas Baer

and Mermelstein turned this model into the first

articulatory synthesizer regularly used as a research tool

for exploring the relationship between speech perception

and production [4].

The Haskins articulatory synthesis model (ASY) was

designed to allow for simple control of vocal tract shape

by direct manipulation of articulators. Rapid synthesis

was required to allow for an experimenter-controlled,

analysis-by-synthesis approach, in which researchers

could make quick adjustments to the shape of the vocal

tract and then synthesize static and dynamic utterances to

evaluate whether or not the desired acoustic results were

achieved. To do this rapidly in the 1970s and 1980s

required compromises in the design of the model and the

synthesis program. ASY consists of several submodels. At

its heart are simple models of six key articulators. The

positions of these articulators determine the outline of the

vocal tract in the midsagittal plane. From this outline, the

distance function and, subsequently, the area function of

the vocal tract are determined. Source information is

specified at the acoustic, rather than articulatory, level,

and is independent of the articulatory model. Speech

output is obtained by calculating the acoustic transfer

function for both the glottal and fricative sources for a

particular vocal tract shape. For voiced sounds, the

transfer function accounts for both the oral and nasal

branches of the vocal tract. In its early implementations,

continuous speech was obtained by a technique similar to

key-frame animation. Later, continuous speech was

created by driving the articulatory model from a

dynamical model of speech production.

A number of extensions of the original ASY model

have been developed. Perhaps the most significant is

CASY, the configurable articulatory synthesizer [5]. CASY

is a version of the articulatory synthesis program that lets

the user superimpose an outline of the vocal tract model

on an acquired sagittal image (typically an MRI). The

user can then graphically adjust the model parameters to

fit the dimensions of the image. Transfer functions and

acoustic output can be generated using those model

parameters. CASY’s model parameters are a superset of

those in ASY and include values that were in the original

Mermelstein model, but which could not be adjusted by

the user. In addition, the fixed surfaces of the vocal tract

are represented parametrically so that they can be

adjusted to match any arbitrary speaker’s vocal tract.

CASY also implements the interdependencies among parts

of the vocal tract geometry in the form of a flexible

linked list, supporting experimentation with key

articulators beyond the fixed arrangement of the original

design. Future developments include the integration of a

new key articulator controlling parasagittal shape of the

tongue dorsum motivated by volumetric MRI data and an

improved voice source model.

Since the development of the first articulatory

synthesizers in the 1960s and 1970s, considerable

progress has been made in other fields that can easily be

applied to physical modeling of the vocal tract. In

biomechanics, explicit computational models of the

processes governing muscle contraction, as well as

proprioceptive and exteroceptive feedback, have been

coupled to models of rigid body dynamics to provide a

more complete representation of peripheral dynamics. At

present, articulatory synthesis is typically limited to

purely kinematic representations that do not capture the

physical constraints on motion that influence speech

motor control. In fluid dynamics, numerical simulations
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are now routinely constructed of unsteady turbulent flows

in complex time-varying geometries, and recent

developments in aeroacoustics have shown how to use

these results to predict the interaction between

aerodynamic and acoustic flow that generates sound.

Articulatory synthesizers currently rely on quasi-static,

quasi-one-dimensional acoustic models that ignore

aerodynamic flow effects, and cannot properly simulate

the time-varying source and filter properties associated

with the complex time-varying geometries seen in

consonantal transitions. This paper will also survey these

developments, summarize the use of articulatory

synthesis in research at Haskins Laboratories [6,7,8,9],

and describe current work at Haskins Laboratories which

aims to incorporate better models of biomechanics and

fluid dynamics into articulatory synthesis.
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