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Introduction

Articulatory representations in modelling coarticulation and in
ASR:

distinctive phonetic features [Henke, 1965, Daniloff and Hammarberg, 1973,

Eide, 2001, Kirchhoff, 1999]

gestural constraints based on articulatory phonetic rules
[Recasens et al., 1997, Erler and Freeman, 1996, Richardson et al., 2000]

statistical descriptions [Blackburn and Young, 2000, Bakis, 1991].

Constraints on gestures determined by role:

Critical

Dependent

Redundant
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Midsaggital views of human speech production system:

1

EMA data from MOCHA database [Wrench, 2001] for one
male and one female speakers, Hann window smoothed,
10ms frame rate.

1[Saltzman and Munhall, 1989]
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Our approach

Our algorithm

is entirely statistical and data driven

identifies articulatory roles (1D and 2D versions)

captures the constraints in terms of:

1 correlated movement of every articulator in space
2 correlations amongst articulators
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Articulatory correlations (1D)

|r | < 0.1 0.1 ≤ |r | < 0.45 0.5 ≤ |r | < 1 r = 1
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Articulatory correlations (1D)

• Statistically significant (α = 0.05) correlation matrix
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Articulatory correlations (1D)

• Significant and strong (|rij | > 0.1) correlation matrix, R∗
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Articulatory correlations (2D)

• Canonical correlation analysis: (ρ1
ij , ρ

2
ij); Ui , Uj

• 2D correlations R = {Uidiag(ρ1
ij , ρ

2
ij)U′j}∀i , j ∈ 1..n .
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Articulatory correlations (2D)

• Canonical correlation analysis: (ρ1
ij , ρ

2
ij); Ui , Uj

• 2D correlations R = {Uidiag(ρ1
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2
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Articulatory correlations (2D)

• Canonical correlation analysis: (ρ1
ij , ρ

2
ij); Ui , Uj

• 2D correlations R = {Uidiag(ρ1
ij , ρ

2
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

N(µφ
i , σ

φ
i )

N(mφ
i , s

φ
i )

N(Mi, Σi)

KL div.
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.KL div.

mφ
i = Mi

sφ
i = Σii

level k = 1
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

Jφ
k (i) ∀i ∈ {1..n}

j = argmaxi{Jφ
k (i)}
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1D model convergence
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

{ĵ} = {ĵ} ∪ j

if(Jφ
k (j) > θcrit)



Statistical
identification

of critical,
dependent

and redundant
articulators

Veena D
Singampalli

and Philip JB
Jackson

Outline

Introduction

Inter-
articulatory
correlations

Algorithm for
identification
of articulatory
roles

Evaluation by
exhaustive
search and
trajectory
generation

Summary

References

Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

mφ
j ←[ µφ

j

sφ
j ←[ σφ

j
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1D model convergence
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

for i ∈ {1..n}

i /∈ {ĵ}
and
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

M{ĵ}, Σi{ĵ}Σ{ĵ}{ĵ},
µφ

{ĵ}, σφ

{ĵ}{ĵ}

KL div.

if(Jφ
k (i) > θdep)
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

sφ
i ←[ Σi + Σi{ĵ}Σ

−1
{ĵ}{ĵ}(σ

φ

{ĵ} − Σ{ĵ}{ĵ})Σ
−1
{ĵ}{ĵ}Σ

′
i{ĵ}

mφ
i ←[ Mi + Σi{ĵ}Σ

−1
{ĵ}{ĵ}(µ

φ

{ĵ} −M{ĵ})
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1D model convergence
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Algorithm

ComputeModel 
initialisation

Crit. artic.
identification

Set model pdf
for critical

grand statistics
Collating 

Set model pdf
dependentfor 

C−step D−step

KL div.

level k = k + 1
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2D model convergence
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Exhaustive search

• 1D articulatory data of the male speaker(msak) was used.

• An Exhaustive Search (ES) for the best critical articulator
combinations was performed at every level k, 0 < k < 4.

Proposed Exhaustive

Time(s) 1× 102 3× 105
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Generation of Trajectories

Linear interpolation between

1 static target positions of all articulators.

2 successive target positions of critical and dependent
articulators; no target positions were specified for
redundant articulators.

• Evaluation of errors: Normalised RMSE and correlation
between filtered synthetic and original trajectories.
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Results

Evaluation of errors
• Improvement obtained using our model over static targets:

Method Male Female

Norm. RMSE 2.3% 2.3%
Correlation 2.7% 3.2%
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Summary

Conclusions:

Proposed a compact, data driven algorithm that

captures the statistical dependencies
identifies the changing articulatory roles

Preliminary evaluation of the model showed improvement

Future work: Using the knowledge of articulatory roles to

better model the constraints on articulatory movements

integrate into our trajectory based recognizer.

http://personal.ee.surrey.ac.uk/Personal/P.Jackson/Dansa/ 2

2Acknowledgements: Funded in the UK by EPSRC (GR/S85511/01).
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