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DATA COLLECTION AND PROCESSING 
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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 
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WHAT IS ARTICULATORY SETTING? 
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Simulation experiments using the 
Configurable Articulatory Synthesizer (CASY) 

A non-parametric 2-way Friedman’s test was performed: 
 fixed factor = 11 linguistic categories 
 random factor = 5 speakers 
 N = 100 replicates – bootstrapping procedure 

 Non-parametric Mann-Whitney U post-hoc tests. 
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DIFFERENTIAL KINEMATICS &   
MECHANICAL ADVANTAGE 

The relationship between low-level articulators and high-level 
tasks/goals is commonly expressed by the direct kinematics 

equation, of the form: 

Articulatory 
posture variables 

Constriction 
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TASKS ARTICULATORS 

Jacobian 

Forward map 

To combine these individual speed ratios into an overall 
measure of mechanical advantage, the sum of squares of 
all Jacobian values was used: 

Jacobian can be estimated to a high degree of accuracy in data-
driven fashion using Locally-Weighted Linear Regression (LWR) [3] 

Weighting kernel 

Uses locally-defined, lower-
order polynomials to 
approximate a global 

function 

Closed-form solution with 
minimal parameter tuning 

Real-time MRI provides a mid- 
sagittal view of all supraglottal 
vocal tract articulators [1,2]. 

5 speakers of 
American English – 
read speech data. 

Simultaneous MRI and noise-cancelled audio; phonetically-aligned. 

For all extracted frames for a given speaker, task & articulatory 
variables computed and normalized by its range 

In each bootstrap iteration, a 
“test” posture was randomly 

sampled from all the 
postures in that category. 

The LWR model was then fit to the 
rest of the data (training data), 

which was then used to estimate a 
Jacobian matrix for the test posture. 

Jacobians estimated using bootstrapping (N = 100 samples) 
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EXPERIMENTS: 
rt-MRI data 

Case of vowel and consonant postures is not as clear 

Speech-ready postures, ISPs are generally more mechanically 
advantageous than postures  during absolute rest.(caveat: Eng5) 

Open questions: 
(1) Which task/articulatory variables? 

(2) How do you best define mechanical advantage? 
(3) Can we use kinematics ideas to inform phonological theories? 

We found earlier [1] that vocal tract postures at absolute rest are 
significantly different and  more variable as compared to those 

during inter-speech pauses and speech-ready positions. 
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