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Abstract

A statistical approach for identifying critical articulators from annotated ar-
ticulatory data and estimating the distributions of dependent articulators
using articulatory correlations is presented.
Two versions of the algorithm are considered, 1D and 2D, which either treat
x and y coordinates of the articulatory data independently or incorporate
covariation within the motion of an articulator in the mid-saggital plane.
The 2D case uses canonical correlation analysis.
The performance of the critical articulator identification approach is evalu-
ated by comparing the results obtained with our algorithm to the distinctive
phonetic features.

1 Background

• Feature based models of speech production where coarticulation is viewed
as a spread of features [8, 15, 6]

– Binary features [5, 7]

– Formant based features [13, 16]

•Target or goal oriented models of speech production where coarticulation
is viewed as coproduction of gestures [19, 4, 14, 12]

•Degree of articulatory constraint [17] and coarticulation resistance [3]

• Statistical models for speech dynamics [18, 20] and temporal aspects of
coarticulation [2, 10]

2 Articulatory roles

2.1 Articulatory data

EMA recordings of one male (msak) and female (fsew) speaker uttering 460
TIMIT sentences each from MOCHA database [21]
Raw data is smoothed using a Hann window and sampled at 10ms frame
rate.

Figure 1: Coils on upper
lip ul, lower lip ll, lower
incisor li, tongue tip tt,
tongue blade tb, tongue
dorsum td, and velum v

with upper incisor ui and
the bridge of the nose as
reference points.
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2.2 Articulatory roles

•Critical articulator : position or gesture is critical in production of speech
sounds, e.g., tt for [s] and td for [g].

•Dependent articulator : follows one or more critical articulators and its
position is influenced by them, e.g., tt, tb for [g].

•Redundant articulator : moves in an unconstrained way and its position
does not effect the production of sounds critically, e.g., ll, ul for [g].

Figure 2: Midsaggital display of different articulatory points and
covariance ellipses corresponding to global (dotted) and phone spe-
cific distributions (solid).

3 Modeling articulatory roles

Critical articulators are identified based on the strength of Kullback-Leibler
divergence [11] between the model and phone pdfs. Model pdfs of dependent
articulators are then conditioned using
• correlations of articulators in space
• correlations amongst articulators

3.1 Articulatory correlations

For any two articulators i and j, univariate correlation matrix is R =
{rij}∀i, j ∈ 1..n, (n = 14); Statistically significant (α = 0.05) and strong

(rij = 0 iff |rij| < 0.1) correlations R∗ and covariance Σij = Σ
1/2
ii rijΣ

1/2
jj .

Table 1: Univariate R∗ (left) and bivariate R∗ (right) correlation
matrices of strong and statistically-significant correlations.

In bivariate case, ρ1
ij and ρ1

ij are the canonical correlations [9] between them
and Ui and Uj are the corresponding eigenvectors. Bivariate correlation

matrix is R = {rij}∀i, j ∈ 1..n, (n = 7) where rij = Uidiag(ρ1
ij, ρ

2
ij)U

′
j;

Statistically significant (α = 0.05) and strong (ρij = 0 iff ρij < 0.15)

correlations R∗ and covariance Σij = Σ
1/2
ii rijΣ

1/2
jj .

Figure 3: Directions of first and second significant canonical cor-
relations between ul, ll (left), tt, tb (centre) and tb, td (right),
grand covariance ellipses are plotted in black.

3.2 Identifying articulatory roles and updating
models

1. Initialisation Data samples at the phone midpoints provide reference

statistics of normal articulatory distributions: mean µ
φ
i and covariance

σ
φ
i (2D).

The model pdfs are initialised with global statistics: m
φ
i = Mi and

s
φ
i = Σii (1D), m

φ
i = Mi and s

φ
i = Σi (2D).

2. Critical identification (C-step)
Identify critical articulator :

At each level, k = 1..n, calculate bivariate KL divergence between

model and phone distributions J
φ
k (i) for each articulator i, incorporat-

ing the standard error by multiplying the variance of N data points by

(N + 1) /N . The next critical articulator j = argmaxi{J
φ
k (i)} is selected

iff J
φ
k (j) > θcrit.

Set critical articulator distribution: Model statistics are set to phone
statistics :

m
φ
j ← [ µ

φ
j , s

φ
j ← [ σ

φ
j . (1)

3. Dependent update (D-step)
Gather dependency statistics : The covariations are collated from the

grand statistics, Σii, Σij and Σii, for all dependent (iff J
φ
k (i) > θdep.)

and critical articulators i and j; Σii, Σij and Σjj .
Update dependent articulator pdfs : Combining these statistics with the
phone ones for any critical articulator j, the conditional pdfs get re-
estimated, according to [1], which for 2D gives:

m
φ
i ← [ Mi + ΣijΣ

−1
jj

(

µ
φ
j −Mj

)

s
φ
i ← [ Σii + ΣijΣ

−1
jj

(

σ
φ
j −Σjj

)

Σ−1
jj Σ′ij. (2)

The algorithm stops in C-step when J
φ
k (i) < θcrit∀i ∈ 1..n.

4 Results

4.1 Model convergence

Figure 4: Convergence of 1D (top) and 2D (bottom) models.

4.2 Comparison with phonetic features

Figure 5: IPA vowel chart with vowels in the database highlighted
and MOCHA notation in [ ] (left); Critical lip and jaw pdfs for
rounded and unrounded vowels (right).

Figure 6: Critical and non-critical tongue positions for front, mid
and back vowels

Figure 7: Critical articulators identified for consonants using 1D
and 2D techniques.

5 Conclusion and future work

Proposed 1D and 2D statistical techniques for identifying articulatory roles
in a data-driven way
Fit of the models to the respective phone pdfs is presented and the results
obtained are compared with IPA phonetic features.
Future work will focus on incorporating temporal aspects of coarticulation,
finding ways to exploit redundant degrees of freedom within dependent ar-
ticulators.


