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Simulating Tonic/Postural Activations in Speech Production
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Studies of speech production have often focused on transient events — those that
happen over short temporal intervals. We know, however, that speech is made up of
movements that can be distributed over longer durations as well (e.g., tongue bracing,
oralization, articulatory setting, laryngeal state, harmony, etc.). Such events, which
involve maintaining continuous activation of a particular muscle group tonically over a
long duration, have often been treated as qualitatively different from transient speech
events. The present study considers examples of these types of movements in speech
and non-speech (e.g., emotion expression, posture, etc.) domains. Biomechanical
simulations are used to show how tonic activations operate on the same principles as
transient ones (except for the difference in duration), and to show how tonic activations
can overlap with multiple other activations — whether transient or tonic — through
superposition [Bizzi et al. 1991, Science 253: 5017]. This work aims to show how these
previously anomalous kinds of movements fit seamlessly into broader theories of
movement and speech [funding from NIH Grant DC-002717; NSERC RGPIN-2015-
05099].

Introduction: Synergies, Posture & Superposition

° Spatlally Fixed Muscle Synergies (SFMS, Safavynia and Ting 2012)

* Neuromuscular modules are functionally defined in

the nervous system to govern a basic, natural body
action (e.g., Berniker et al., 2009).
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Bizzi et al’s. (1991) “spinalized frogs” Safavynia & Ting’s (2012) SFMSs

e “Orality” as tonic setting
e Different temporal types:  (Benguerel 1977):
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We use biomechanical simulation to test superposition
of tonic/postural devices in 3 contexts:

Local: coarticulation in adjacent sounds (e.g., aka vs. iki)
e Simulate/replicate EMA results of Recasens & Espinosa (2009)
Non-local: long-distance interactions (e.g., /sis/, /sas/)
o Simulate effect across intervening segment(s)

Emotion Expression:

o affects every sound in a language
e cf. articulatory setting (Gick et al. 2004)

NB: We use no explicit model of coarticulation — just a body

Simulation Methods

Biomechanical Modeling using Artisynth

3D finite-element method (FEM) model; www.artisynth.org (Lloyd et al., 2012)
* FEM dynamics enables realistic collision detection and tissue compression

Simulation methods

* Vowels/sibilants: £ R it
- Jaw-hyoid-tongue model (Stavness et al. 2012) Lk \ o C—
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* Facial expression: J
-  FEM face model
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o
| | Simulation DR (R&E 2009) JP (R&E 2009)
Tonic/Postural Vowels | .
n oj n 2 ,
local lap): : ° :
(local overlap): V only n
® 00 10 Input probe: ex_SL - o’ 4 o a
Auto range[ | Y range min: -0.015 | max: 0.2 X range min: 0 max: 1 ?_ 4
v.e 0 1
B C duration o
& ‘ -1
EOJ v v 0 4
" V durati L/ C 1\ Tk Zi K 2:
ID,I J '- - | S . 2 D-_A
* NN - N
ransition ] 1 e ?
duration - 0.
| Rest . o
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 (‘) 1‘ é ‘3 4‘]. &‘_) é -1 ] '_ 1'_ "_ '_ o i i . o L
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VCV simulations from Gick & Stavness (2013) tongue surface represent simulated EMA Tongue tip (TT), tongue blade (TL) and tongue dorsum (TD) points at VCV consonant

transducer coils used to track flesh points

Tonic/Postural Sibilants
(non-local overlap):

midpoints, from simulations (left) and EMA (adapted fr. Recasens & Espinosa 2009)
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Schematic control diagram for SVS simulation Simulated SVS postures Schematic representations of lip rounding in English

and Turkish; curve represents degree of lip
protrusion (adapted from Kaun 2004)

Tonic/Postural Emotion Expression: Smile vs. Lip Closure

(global overlap)

Lip Closure with Neutral Expression
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Muscle Activation Level (%)
Simulated lip closure overlapping
with neutral face posture
(adapted from Gick & al. under review)
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Discussion

* Tonic/postural activations are pervasive in speech
e Superposition works across different scales with
no extrinsic model of coarticulation
* Built-in mechanics of the human body can handle
coarticulatory interactions with simple overlap
- ho advance planning
- no contextual information
 Simple temporal overlap of muscle activations in a
oiomechanically realistic simulation produces
olausible, idiosyncratic coarticulation patterns
- Locally (shown for canonical VCV combinations)
- Non-locally (shown for sibilant harmony)
- Globally (shown for emotion expression)
 “Tug-of-war” requires greater activation to
achieve lip closure

FUTURE WORK:

* Continue to seek examples of tonic/postural
devices in speech

* Continue EMG validation studies

* Simulate a wider range of phenomena

(e.g., articulatory settings, laryngeal states, etc.)
 What about SUPPRESSION/INHIBITION?

References

Benguerel, A. P., Hirose, H., Sawashima, M., & Ushijima, T. (1977). Velar
coarticulation in French: An electromyographic study. Journal of
Phonetics, 5, 159-167.

Berniker M, Jarc A, Bizzi E, Tresch MC (2009). Simplified and effective motor
control based on muscle synergies to exploit musculoskeletal dynamics.
PNAS 106(18): 7601-7606.

Bizzi E, Giszter SF, Mussa-Ivaldi FA (1991) Computations underlying the
execution of movement: a biological perspective. Science 253:287-291.

Boyce S. (1990). Coarticulatory organization for lip rounding in Turkish and
English. Journal of the Acoustical Society of America, 88, 2584-2595.

Gick B, Wilson |, Koch K, Cook C (2004) Language-specific articulatory settings:
Evidence from inter-utterance rest position. Phonetica 61:4, 220-233.

Joos M. (1948). Acoustic Phonetics, Language Monographs 23.

Kaun A. (2004). The Typology of Rounding Harmony. In Hayes, B., Kirchner, R., &
Steriade, D. (Eds.), Phonetically based Phonology. Cambridge: Cambridge
University Press.

Recasens, D., and Espinosa, A. (2009). An articulatory investigation of lingual
coarticulatory resistance and aggressiveness for consonants and vowels
in Catalan. J. Acoust. Soc. Am. 125, 2288-2298.

Safavynia SA, Ting LH (2013). Sensorimotor feedback based on task-relevant
error robustly predicts temporal recruitment and multidirectional tuning
of muscle synergies. J. Neurophysiology, 109: 31-45.

Acknowledgement

We acknowledge the contributions of our many collaborators, In particular, lan
Stavness (U. Saskatchewan), Sid Fels and members of the UBC HCI Lab, and
members of the TIMC-IMAG lab and GIPSA-lab, Grenoble have contributed to
ArtiSynth; also, Terrina Chan, Yadong Liu, Grace Purnomo and other members of
the UBC ISRL have helped with validation. Research funded by NSERC and NIH.



http://www.artisynth.org

