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Laryngectomees are people with disabilities as result of an operation to
remove their larynges including the vocal folds for several reasons such as
an injury and laryngeal cancer. An electrolarynx is a medical device to help
them to produce quite intelligible speech, electrolaryngeal (EL) speech, by
mechanically generating artificial excitation signals, instead of vocal fold
vibrations. Unfortunately, there are mainly three disadvantages: 1) its sound
is characterized as mechanical and robotic because of the fundamental
frequency (FO) pattern of the monotonic excitation signals, 2) the excitation
signals are absolutely emitted outside as noise because of EL speech
production mechanism, and 3) one hand is occupied.

This research aims to provide laryngectomees more smooth speech
communication and deals with speaking aid system for EL speech enhancement
to recover losing information such as FO patterns by using techniques of
speech processing. One is A) a speaking aid system capable of modifications
at the acoustic level. In this dissertation, we propose a hybrid approach
using a noise reduction method for enhancing spectral parameters and
statistical voice conversion for predicting excitation parameters. Through
experimental evaluations, we demonstrate that the proposed hybrid approach
effectively address not only the issue (1) but also (2) by achieving to improve
the naturalness of EL speech while preserving the intelligibility of EL speech.
However, this approach may not suitable for face-to—face conversation,
because the enhanced EL speech presented from a loudness speaker. Therefore,

we propose another method B) which is a speaking aid system capable of




modifications at the physiological level which allows laryngectomees to
directly produce the enhanced EL speech from them mouths. In this dissertation,
to make it possible to control without conscious operation, we propose a
control method of the FO0 patterns of the electrolarynx by applying a
statistical FO pattern prediction method to the system (B). To address the
latency issues, we also propose two methods of FO pattern modeling. Through
experimental evaluations, we demonstrate that the proposed control method
incorporating the proposed FO pattern modeling effectively addresses the
issue (1) by achieving to improve the naturalness of EL speech.

To recover more natural FO patterns, this dissertation further proposes
a new statistical FO pattern prediction method, which is applicable to the
above—-mentioned approaches, considering speech production mechanism. Since
the FO patterns are physically constrained by the actual control mechanism
of the thyroid cartilage, we incorporate a generative model of FO pattern
into the conventional statistical model to predict FO patterns of natural
speech. This approach is noteworthy in that it allows to generate an FO
patterns that is both statistically likely and physically natural. From
experimental evaluations, it is demonstrated that the proposed systems
successfully address the issue (1) by improving the prediction accuracy of

FO patterns.
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