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ABSTRACT

We propose a data-driven approach to intonation modeling and
generation based on discrete Hidden Markov Models (HMM),
where state transitions are synchronized with Japanese
rhythmic units called morae. Mora-unit /1y contours are encoded
using symbols that consist of two codes: the first is an index to a
table of stylized mora F contours, and the second points to a
table of quantized differences of the average Iy contour with
respect to the previous mora. Both codebooks contain 32 codes.
The HMM is used in generation mode, i.e., it generates a
sequence of symbols for an intonational phrase without any
input other than the length of the sequence, using a variation of
Viterbi search with a modified distance function. In the training
phase, the speech database is subdivided into classes according
to the attributes of the target accentual phrase, and each class is
associated to an HMM. After the output symbol sequence is
generated, the Fy contour is constructed using the codebooks
and a mora duration pattern. Evaluation experiments show that
the HMM s are able to correctly produce Fy contours that reflect
their training conditions.

1. INTRODUCTION

The use of HMMs in speech synthesis and coding has been
proposed in past studies [1][2]. In [1], F, countours are
generated with the help of a random number generator.
However, the continuous-valued HMM requires the
observations to be artificially reordered after generation. [2]
proposes the application of HMMs in very low bit rate speech
coding, suggesting again the ability of HMMs to generate
outputs. For Japanese, an interesting intonation modeling
scheme using HMM is proposed in [3]. HMMs are aligned at
the phone level to capture local pitch movements, but the
concatenated models cannot deal with phrase-level prosodic
structures, and a separate statistical approach based on
regression trees is needed to obtain the values of the bias and
dynamic range.

More recently, the use of HMM in speech synthesis has been
further explored, resulting in a unified solution for segmental
and suprasegmental features [4]. In this method, HMMs are
used as concatenation units based on cepstral features and delta

components. Concatenation of speech units is realized through
the concatenation of HMMs, and the best sequence of
synthesis-time parameters is found by solving a search problem
that resembles the speech recognition paradigm. An advantage
of this approach compared to usual waveform concatenation
synthesis is that selection of synthesis units is systematic and
based on probability scores. In addition, coarticulation
phenomena are also dealt with inside the same probabilistic
framework. Another advantage is that HMMs can be trained
using speech databases and techniques developed for speech
recognition.

However, the approach above has limitations when it comes to
intonation modeling, especially considering that phone-based
models are too short to model long-range suprasegmental
phenomena, as occurred in [3]. A separate processing is needed
for intonation modeling.

The method proposed in this paper is based on mora-transition
discrete HMMSs associated to accentual phrases. It intends to
take advantage of the perceptual importance shown by Japanese
rhythmic units called morae. In addition to the fact that morae
are important temporal units, mora-to-mora variation of
fundamental frequency is an important perceptual clue to
characterize accent types. In addition, it is expected that
accentual phrase HMMSs are long enough to capture phrase-
level prosodic structures.

A similar modeling has been successfully applied to the
problem of automatic detection of phrase boundaries in Fjp
contours [5]. In that work, phrase boundaries are detected as the
boundaries between consecutive accentual phrases, represented
by the HMMs. Specific models are used to describe different
accent types, and different models are assigned to accentual
phrases followed by a pause. In this paper, we adapt and apply
the models above to Fy contour generation. The models are used
in generation mode, i.e., they generate sequences of symbols
that reflect the conditions under which they have been trained.
The only input to the models is the length of the sequence to be
generated, and the best path of state transitions is found using a
variation of Viterbi search that generates the most likely
sequence of output symbols based on a cost function that takes
into account state transition probabilities and output
probabilities as well (and also output symbol bigrams in a later



attempt). The generated output symbol sequence is finally
converted into an Fy contour for a given number of morae using
the codebooks and externally-supplied timing information, and
also the value of the F baseline.

The following sections describe the method in detail and some
evaluation experiments are carried out to verify its validity.

2. DESCRIPTION OF THE METHOD

2.1. Introduction

This section contains details of the proposed intonation
modeling scheme based on discrete HMMSs synchronized at
mora transitions. First, the database clustering and labeling
process is described. Then, we describe the choice of HMM
structures, HMM training, and the process of generating output
symbols from trained HMMs.

2.2. Clugtering and Coding

The output of the HMM is formed by 2-code symbols
respectively associated to two codebooks: the first code is an
index that points to a table of stylized Fy contours, and the
second one represents the difference between the average I of
the current mora with respect to the previous one. In this work,
these codes are respectively denominated shape code and
delta-Fy code.

The codebooks are obtained using LBG clustering, which is
carried out on the Fy contours extracted from 500 sentences of
ATR’s continuous speech database [6]. Prior to the clustering
process, however, mora-unit F contours are time-normalized to
the duration of 1 second. The F} contours are also expanded in
the vertical direction by the same factor in order to preserve its
shape. The shape and delta-Fy codebooks thus obtained contain
32 codes each.

2.3. Topology of Accentual-PhrasesHMMs

The structure of the discrete HMM is designed based on the
number of prosodic events found in the utterance of the
accentual phrase for different accent types. For example,
accentual phrases of types 0 and 1 are driven basically by two
events: a steep rise and decay in type 1, and a slow rise and
decay in type 0. Other accent types are basically formed by a
rise, a region of slow decay, and a steep decay after the accent
nucleus. The observations above make us assume that accentual
phrases of type N (N > 1) are roughly hara ter e 'y
proso e ets hereas other a et types ( a 1) are
harater ¢ yha g hus t sreaso a leto os era
s lar stru ture fora e ttypes a 1 a aslghtly
ore o ple stru ture for other a e t types wue to the

24. HMM Training



2.5. Generation of Output Symbol
Sequences Based on a M odified Viter bi
Algorithm

3. EVALUATION EXPERIMENTS
3.1. Modeling Accent Types
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3.2. Modeling Prosodic Boundary Levels
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4. CONCLUSION
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