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ABSTRACT

In speech production the articulatory apparatus includes the organs that
execute efferent motor commands from the central nervous system. In order
to simulate the behavior of the articulatory -apparatus, computational
modeling is a commonly-used method. We~have constructed a full 3D
physiological articulatory model that includes the tongue, jaw, hyoid bone
and vocal-tract wall based on the continuum finite element method. This
model comprises articulatory muscles with realistic properties and
geometrical arrangements. The muscle activation patterns are used to
control the movements of the model. In order to use the model to
investigate the speech motor control mechanism, generate speech sounds,
predict the effect of surgical operation, etc., we have to realize an automatic
control strategy. The task of the control strategy is given a particular target,
how to generate muscle activation patterns that can control the model to
achieve the target. There are two main control strategies for the
physiological articulatory model: feedforward control and feedback control.
Feedforward control is a kind of mapping used to directly find muscle
activation patterns according to the desired target, and feedback control is
used to adjust muscle activation patterns to reduce the distance between the
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desired target and the realized position. In speech production, feedforward
mapping is used to rapidly generate muscle activation patterns to control
the articulators to produce fluent speech. Feedback control plays the role of
learning and maintaining the feedforward mapping. When the degree of
accuracy using feedforward mapping cannot satisfy the requirement,
feedback control can be used to realize fine motor control. In this paper, we
describe how to use feedback control as a learning loop to construct
feedforward mapping. The constructed feedforward mapping was assessed
through an open-set test, and reasonable articulatory positions were
obtained by comparison with the desired targets. Furthermore, the ability of
feedback control to improve control accuracy was proved by a large
quantity of simulations.
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