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ABSTRACT

This paper proposes a method for automatic detec-
tion of major phrase boundaries as a first step toward
full automatic annotation of prosodic structure. The
modeling error of fundamental frequency (Fy) and an
Fy control modeling appropriateness measure (AIC)
are employed to evaluate a prosodic major phrase
boundary hypotheses. Ezperimental results are pre-
sented showing correct prediction of 66% of major
phrase boundartes in Japanese read speech.

1. INTRODUCTION

Fundamental frequency (Fp) control is one of the
most important issues for the improvement of the
naturalness of synthetic speech. Recently, optimiza-
tion of Fy control by analyzing a large number of Fj
patterns has been studied [1, 2, 3]. In these optimiza-
tions, a large number of Fy contours are analyzed
in each prosodic unit for Fy prediction. There are
two kinds of prosodic units in the Fujisaki superpo-
sitional model [4, 5] as shown in Figure I, the major
phrase and the minor phrase. The Fy component of
minor phrase which corresponds to the local accen-
tual hump is superposed over the major phrase com-
ponent that declines gradually following each ma-
jor phrase boundary. A major phrase includes more
than one minor phrase.

In the research on optimization of Fy control,
these prosodic boundaries have been annotated by
hand. Some investigations have attempted to an-
notate phrase boundaries automatically [6, 7, 8, 9];
however, the target of these research efforts was mi-
nor phrase boundary annotation. In this paper, we
investigated the annotation of major phrase bound-
aries in the frame work of Fujisaki’s model. The
successful development of automatic Fy annotation
will support the training of Fy control models for
use in speech synthesis. The Fy modeling error and
Fy control modeling appropriateness measure (AIC)
are employed to evaluate a prosodic major phrase
boundary hypothesis. In order to examine the de-
tection accuracy of the method for a major phrase
boundaries, an experiment using 50 Japanese read
sentences was carried out.
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Figure 1: Two kinds of prosodic units in Fp contour.

The ‘4 signs indicate the Fp contour of
a Japanese speech “ureshii hazuga yukkuri
netemo irarenai (I am happy but I can’t
sleep comfortably)”. Dotted lines indi-
cate the major phrase component only.
The solid lines represent the Fy contour
provided by both the major and minor
phrases.

2. DETECTION METHOD FOR PHRASE
BOUNDARIES

2.1. Cost function to evaluate adequacy of
placement of phrase boundaries

If a cost function is defined to evaluate the ade-
quacy of the placement of phrase boundaries for an
Fy contour, the best among various placements will
be detected by finding the minimum value of the cost
function for several placement hypotheses of phrase
boundaries. This section describes the two compo-
nent measures of the cost function. These measures
are the modeling error that indicates the fitness of
the modeled Fy contour for the original one, and the
statistical scale Akaike Information Criterion (AIC)
[10], which indicates the appropriateness of the pa-
rameters used in the Fjy control model. A superpo-
sitional intonation model is used for the Fy control
model to parameterize each Fy contour [4, 5]. By
using superpositional model, Fy contours are decom-
posed into two components: the major phrase com-
ponent and the minor phrase component. Superpo-
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sitional models have been applied to many languages
[11, 12, 13. 14, 15, 16], and can efficiently represent
Fy contours using only a few parameters [4].

One of the measures used in the cost function
is the mean squared error for the best fit of Fy con-
tour using the Fy control model. This measure shows
the difference between the original Fy contour and
the best fit by the superpositional model for the Fy
contour. It is desirable that the value of this mea-
sure is small. However, this value has a tendency
to decrease when the number of phrase boundaries
increases. As a result, meaningless boundaries may
be introduced. Therefore, a criterion scale is intro-
duced into the cost function as an additional cost to
suppress the increase in the number of meaningless
phrase boundaries. The criterion is the AIC, which
evaluates the appropriateness of a model for observed
data by considering not only the number of param-
eters used in the model but also the likelihood of
model prediction. AIC and the introduction of these
measures into the cost function are described in the
following subsections.

2.2. Akaike Information Criterion

The AIC is a measure to optimize the number of pa-
rameters used in a model during model construction.
It is generally known that an increase in model pa-
rameters decreases the prediction error of the model,
that is, the greater the likelihood of the model be-
comes. To suppress the meaningless parameter in-
troduction into model, the AIC was proposed:

AIC
= —2 x (log likelihood of the model)
+2 x (the number of model parameters).

The best model has the minimum AIC value. In this
paper, AIC is applied to the superpositional model
parameters extracted from each Fy contour and the
placement of phrase boundaries for the Fy contour in
order to measure the adequacy of the phrase bound-
ary for the Fy contour.

2.3. Likelihood of the superpositional model
parameter

First, this subsection explains how the superposi-
tional model parameters used in the calculation of
likelihood represent the Fy contour. The actual cal-
culation method of the likelihood follows this ex-
planation. In the superpositional model, as shown
in Figure 2, the major phrase component is the re-
sponse of impulse input defined as phrase command,
and the minor phrase component is the response of
step input defined as accent command. The magni-
tude of the component is proportional to the ampli-
tude of each command. By using the superpositional
model, Fy contours are decomposed into these two
kinds of commands [5]. Since it is known that there
1s a strong correlation between the amplitude of the
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Figure 2: Mechanism of Fujisaki’s superpositional
model {5].

command and certain linguistic information of the
corresponding phrase [3], the linguistic information
can be used as the factor to classify the commands.
The linguistic information is described in section 3.2.

The summation of the log likelihood of all com-
mands included in a sentence is the log likelihood of
the model in the AIC formulation. The log likeli-

hood of each command is calculated by classifying

the phrase commands and accent command by the
linguistic information and by analyzing the shape of
the distribution of the command amplitude in each
class. For example, if the i-th command of a sentence
belongs to a class that shows a normal distribution
of mean p; and standard deviation o;, the log likeli-
hood of the command is defined as the logarithm of
the probability density function:

1 1 ,
log{\/Q—ﬂ_‘—;?exp(_é;ii(zl _)ut) )}

2.4. Definition of cost function

In this paper, the cost function used to measure the
adequacy of the placement of phrase boundaries for
an Fy contour is defined by using the two measures
described above, that is, AIC and the squared model-
ing error of Fy contour in semitone®. Since there are
no constraints on concatenating these two measures
into one formulation, the cost function is defined as
the weighted summation of these measures:

w - (AIC) + (1 — w) - (Fp modeling error)

where the range of w is 0 < w < 1. The place-
ment hypothesis which shows the smallest value of
the cost function is distinguished as the appropriate
placement of phrase boundaries since both measures
are desired to be small.

*One semitone is equal to -11—2 octave.
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3. EXPERIMENT

3.1. Speech sample

Fy patterns of 500 Japanese read speech sentences
collected from one professional speaker were used to
examine how precisely the major phrase boundaries
were detected by the method. The sentences were
collected from newspapers and magazines [17]. The
F, contours of sentences were obtained by using an
algorithm proposed by Secrest [18]. All of the Fy
contours were parameterized by the superpositional
model in advance. The number of phrase commands
and accent commands in the data were 1971 and
3374, respectively. The likelihood of a command in a
sentence was calculated from the distribution of the
command amplitude of the remaining 499 sentences
in order to make this experiment an open test.

For the evaluation of the proposed method, 50
sentences were randomly selected from the 500 sen-
tences. If the placement of the minor phrase bound-
aries are given, the best placement of major phrase
boundaries will be detected by trying many hypothe-
ses of the placement of major phrase boundaries in
some minor phrase boundaries and by finding the hy-
pothesis that shows the minimum value of the cost
function. In this test dataset, the number of major
phrase boundaries (major phrase boundary and mi-
nor phrase boundary) and non-major phrase bound-
aries (not major phrase boundary buf minor phrase
boundary) were 154 (including 104 pause boundaries)
and 132, respectively. Since a voice resetting and a
rising of the major phrase component occurs in the
position of a pause, the minor phrase boundary lo-
cated in a pause was unconditionally regarded as a
major phrase boundary. Therefore, the remaining 50
major phrase boundaries and 132 non-major phrase
boundaries were the boundaries that the proposed
method should detect.

3.2. Classification and distribution of
command amplitude

This subsection describes the linguistic information
to classify the command and the distribution shape
of the command amplitude in each class used to cal-
culate the likelihood of each command. The length
of the phrase is used as the factor for classifying the
phrase command. For accent command, the length
and accent type of the minor phrase is used.

In common Japanese, there are three basic rules
for accentuating a word [19]. First, the subjective
tone of each mora (the mora (pl. morae) is a unit
of (consonant+) vowel) is distributed into only two
levels, z.e. high or low. Second, the high tone se-
quence appears only once in a word. Third, the tone
changes at the end of the initial mora. According to
these rules, there exist n+1 accent types in words of
n morae. For example, all possible accent types of
4 morae words are: type 0 ./'_Ho, type 1 v eecs
type 2 ¢\ o0r tYPE 3 o oo, and type 4 S
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where a filled circle represents subjective frequency
of a particular mora and an empty circle shows that
of an auxiliary whose existence serves to discriminate
two different types that are otherwise indistinguish-
able (type 0 and type n). The last mora of high tone
sequence is called the accent nucleus, except in the
case of type 0. The accent type describes the pres-
ence or absence of accent nucleus, and if there is a
nucleus the type number indicates its position.

It could be expected that the major phrase com-
ponent would be large enough in order not to de-
crease unnecessarily if the length of a major phrase
is long. In the case of the minor phrase component,
if the duration of high tone becomes long, the energy
used to support the high tone spreads for a long time
and becomes weak. As a result, it can be expected
that the Fy difference between low tone and high
tone, that is, the amplitude of accent command, be-
comes smaller. In Common Japanese, the length of
high tone of a minor phrase will be obtained from
the length and accent type of the minor phrase. As
described above, the amplitude of major phrase and
minor phrase, or the amplitude of phrase command
and accent command are affected by such linguistic
information as the length of phrase or the accent type
of the minor phrase [3]. In this paper, these factors
were selected to classify the command.

Four classes were considered for the distinction of
current major phrase length: (1) less than 5 morae,
(2) 6 or 7 morae, (3) 8 or 9 morae, and (4) more
than 10 morae in order to balance the number of
samples in each class. Moreover, the mora count of
the previous major phrase was taken into account.
Therefore, the number of phrase command classes
for the calculation of the AIC was 20 (= (4 + 1) - 4).
The operation “41” means the case of the absence
of the previous phrase.

The count of morae was also used to classify the
minor phrase. Three classes were considered to dis-
tinguish corresponding accent commands: (1) less
than 3 morae, (2) 4 or 5 morae, and (3) more than
6 morae. Additionally, the accent type of the minor
phrase was used as a classification factor. For this
factor, three classes were considered: (1) type 1 or
2, (2) type 3, 4 or 5, and (3) type O or type 6 ~.
The type 0 has a long high tone sequence. It is as
long as the minor phrase, except for the first mora.
Therefore, it is reasonable that this accent type is
included in the class whose accent type has longer
tone sequence. These classifications were applied to
current and previous minor phrases. The number of
accent command classes was 90 (= (32 + 1) - 3%).

Each distribution shape of the command ampli-
tude of a class was defined as a normal distribution
for simplification. This definition means that each
distribution was summarized into only two param-
eters, mean and standard deviation. If the number
of samples in a class was small, the reliability of the
mean and standard deviation was quite low. There-
fore, in such a case, the mean and standard deviation
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Figure 3: Detection rates for major phrase bound-
aries and non-major phrase boundaries as a function
of weight w.

of the class were calculated from all of the samples.

4. RESULTS

The detection accuracy of the major phrase bound-
aries is shown in Figure 3 with the detection accuracy
of non-major phrase boundaries. This figure shows
that the greater the weight is (i.e. more emphasis
on the AIC), the lower the detection accuracy for
the major phrase boundaries becomes. This indi-
cates that the major phrase boundary placement is
suppressed due to AIC. When equivalent detection
accuracies are needed for both major phrase bound-
aries and non-major phrase boundaries, the weight
of the crossing point of both lines (w = 0.008). This
provides accuracy of 66%.

5. CONCLUSIONS

This paper proposes a method to detect the major
phrase boundaries of speech data by considering the
Fy modeling error and AIC of the superpositional
model parameters. The detection rate of this method
was found to be 66% for 50 Japanese read speech sen-
tences including 154 major phrase boundaries and
132 non-major phrase boundaries. Automatic detec-
tion of major phrase boundaries of a speech is de-
tected from Fy patterns of the speech, position of
minor phrase boundaries, accent type of each minor
phrase, and a number of training data analyzed by
the superpositional model. Future work will con-
sider improving the statistical distribution assump-
tions used to calculate the AIC measure and intro-
ducing new factors for classifying the commands.
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