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Prosody Modeling Based on Hidden Markov Models and Emotional

Speech Generation
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Keiichi Tokuda

The increasing availability of large speech databases makes it possible to construct speech synthesis sys-
tems by applying statistical learning algorithms. This work aims at one of these corpus-based approaches:
HMM-based speech synthesis in which synthetic speech is generated from HMMs themselves. The HMMs
are widely used statistical models to characterize the sequence of speech spectra and have successfully
been applied to speech recognition systems. From these facts, it is considered that the HMM is useful
for modeling pitch patterns of speech. However, we cannot apply the conventional discrete or contin-
uous HMMs to pitch pattern modeling since the observation sequence of pitch pattern is composed of
one-dimensional continuous values and a discrete symbol which represents “unvoiced.” The MSD-HMM
which we have proposed includes discrete HMM and continuous mixture HMM as special cases, and fur-
ther can model the sequence of observation vectors with variable dimension including zero-dimensional
observations, i.e., discrete symbols. As a result, MSD-HMMs can model pitch patterns without heuristic
assumption. Using the MSD-HMMSs, we constructed an HMM-based speech synthesis system in which
spectrum, pitch and state duration are modeled simultaneously in a unified framework of HMM. Through
the four year period of research, we also improved the related techniques and algorithms used in the sys-
tem and applied it to various types of speech synthesis: emotional speech synthesis, eigenvoice-based
speech synthesis, etc.

Key words: HMM-based speech synthesis, fundamental frequency, prosody
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