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Articulatory setting postures adopted during speech production are examined with the goal of determining whether setting postures are more
mechanically advantageous than rest positions in facilitating motion of vocal tract articulators toward task goals. Articulatory simulations using
the Task Dynamics Application (TADA) suggest that setting postures afford large changes with respect to speech tasks for relatively small
changes in low-level speech articulators, thus affording greater mechanical advantage as compared to absolute rest postures. This study
investigates this hypothesis using real-time Magnetic Resonance Imaging (rtMRI) data of read and spontaneous speech elicited from 5 healthy
speakers of American English. Frames corresponding to inter-speech pauses, speech-ready intervals and absolute rest intervals were identified
and image features were automatically extracted to quantify the vocal tract postures in terms of both task-level constriction variables and
articulatory variables. Locally Weighted Regression is then used to estimate the ratio of task velocities to articulator velocities (i.e., the lever or
speed ratio) at postures corresponding to the different intervals of interest. Results show substantially higher speed ratios at inter-speech and
ready postures as compared to absolute rest postures.
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A RTICULATORY

SETTING AND MECHANICAL ADVANTAGE

Articulatory setting (also called phonetic setting or organic basis of articulation or
voice quality setting; henceforth referred to as AS) may be deﬁned as the set of postural
conﬁgurations, which can be language-speciﬁc and/or speaker-speciﬁc, that the vocal tract
articulators tend to be deployed from and return to in the process of producing ﬂuent and
natural speech (Sweet, 1890; Honikman, 1964; Laver, 1978; Esling and Wong, 1983). AS
differs during rest positions, ready positions and read inter-speech pauses and, in that
order, exhibit a trend for decreasing variability and, thus, a possible increasing degree of
active control by the cognitive speech planning mechanism (Ramanarayanan et al., 2010,
2011). In this work, AS postures adopted during speech production are examined with
the goal of determining whether setting postures can be meaningfully deﬁned in terms of
the mechanical characteristics of the speech production apparatus. Speciﬁcally, this study
tests the hypothesis that AS more mechanically advantageous than absolute rest
positions, facilitating rapid motion of vocal tract articulators toward task goals.
The central hypothesis of this study is related to the relationship between different
descriptions of the speech production apparatus, representing various levels of the
system, from muscle activations to constriction degrees/locations, and up to formant
frequencies. Low-level descriptions are assumed to be closer to the articulatory substrate
(i.e., the actively controlled components) while high-level variables have the potential to
be task variables, used to deﬁne the desired actions of the system. An important aspect of
the kinematic relationships between these variables is the speed ratio, deﬁned as the
ratio of task variable velocities to articulator velocities (Antonsson and Cagan, 2005;
Siciliano and Khatib, 2008). Speed ratios with large numerical values are mechanically
advantageous because relatively small changes in articulators can result in large changes
in task space. Mechanical advantage (MA) is classically deﬁned in terms of force
ampliﬁcation, rather than speed ampliﬁcation. However, these deﬁnitions are the same if
one assumes preservation of power from articulators to tasks (i.e., the system is ideal).
Perhaps the simplest example MA is provided by a basic (i.e., Class 2) lever, which
ampliﬁes force and speed on different sides of the fulcrum according to the ratio of
lengths of those sides.
With this in mind, the speciﬁc hypothesis of this study can be stated more precisely.
The expectation is that postures with the highest mechanical advantage of this kind bear
resemblance to articulatory setting, and postures with the lowest mechanical advantage
are more extremal vocal tract postures (for example, those observed during certain vocal
tract constriction actions). This study is aimed at quantitatively testing this hypothesis,
using both articulatory vocal tract simulations and real speech data.

C ALCULATING M ECHANICAL A DVANTAGE
It is possible to accurately estimate kinematics of the vocal tract in data-driven
fashion. It was recently shown that Locally-Weighted Linear Regression (LWR) is useful
for this purpose, producing accurate estimation and having practical advantages
(Lammert et al., in press). LWR is a method that uses locally-deﬁned, low-order
polynomials to approximate globally nonlinear functional relationships. Training the
model has a closed-form solution via the generalized least squares solution. The method
also has few free parameters, making accurate training even more feasible.
The result is a Jacobian matrix, relating the velocities of each task to each articulator.
Each value in the Jacobian represent a speed ratio that could be used to characterize MA
in the system. To have a single measure of MA for each posture, an overall measure of
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MA was simply deﬁned as the mean of all Jacobian values.

S IMULATION E XPERIMENTS
Conﬁrmation of this reasoning was initially sought in kinematic models of two motor
apparatuses: a multi-link planar robot arm with revolute joints and the Task Dynamics
Application (TADA) (Nam et al., 2004, 2006). The kinematic model at the core of TADA is
the Conﬁgurable Articulatory Synthesizer (CASY) (Rubin et al., 1996; Iskarous et al.,
2003), based on the geometrical equations of Mermelstein (1973) for describing vocal
tract conﬁgurations and deriving vocal tract outlines from articulator positions. This
model was recently used to compile the TADA-TIMIT database, containing complete
articulatory/kinematic data for 460 sentences of English.

( A ) Most Advantageous

( B ) Least Advantageous

F IGURE 1: Articulatory conﬁgurations corresponding to the top eight most and least mechanically advantageous postures observed in the TADA-TIMIT data set.

E XPERIMENTS

USING

R EAL -T IME M AGNETIC R ESONANCE I MAGING
D ATA

Real-time Magnetic Resonance Imaging (rtMRI) data of read and spontaneous speech
was elicited from 5 healthy speakers of American English. Frames corresponding to
inter-speech pauses, speech-ready intervals and absolute rest intervals were identiﬁed
and image features were automatically extracted to quantify the vocal tract postures in
terms of both task-level constriction variables and articulatory variables. Locally
Weighted Regression was then used to estimate the ratio of task velocities to articulator
velocities (i.e., the lever or speed ratio) at postures corresponding to the different
intervals of interest.

C ONCLUSIONS
Experiments presented here, both in simulation and with real speech data support
the central hypothesis. Articulatory simulations suggest that those postures which afford
the largest overall task-level changes for relatively small changes in low-level
articulators are precisely those postures which bear close resemblance to setting
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postures. Thus, setting postures afford greater mechanical advantage as compared to
absolute rest postures. In conformity with simulation experiments, results from real
speech data show substantially higher speed ratios at inter-speech and ready postures as
compared to absolute rest postures.
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