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ABSTRACT

Prosodic features of spoken dialogue were investi-
gated by comparing them with those of read speech. Anal-
yses were conducted on the fundamental frequency con-
tours with a special focus on their relationship to the lin-
guistic information. Results showed that the increase in
the amplitude of accent command for word, usually ob-
servable in dialogue speech as compared with read speech,
largely depends on the role of word in discourse. The in-
crease were also showed to depend on other linguistic fac-
tors, such as the accent type and the position in the sen-
tence. Analyses were conducted also for the speech rate
and its dynamical change in a simple sentence was clar-
ified. Prosodic rules were then derived for the synthesis
of dialogue speech by modifying those formerly developed
for read speech. Although all the findings were not incor-
porated yet in the rules, results of listening test indicated
the appropriateness of the modification.

1 INTRODUCTION

For improving naturalness of synthesized speech, a
deeper knowledge of prosodic features of natural utter-
ances is required. Although a number of works have al-
ready been conducted on the analysis of prosodic features
of Japanese, they were mostly on read speech and are
insufficient especially for the development of spoken di-
alogue systems. Recently, several works, such as ref. [1],
have presented the analysis of prosodic features of conver-
sational speech of Japanese, but the results were lacking
in the relationship with the linguistic information.

Consequently, we have been investigating the rela-
tionship by analyzing fundamental frequency contours ( Fy
contours) and segmental durations, and, in the previous
report, have showed preliminary results for the compar-
ative study on the prosody of read speech and that of
dialogue speech [2].

Tha first part of the present paper is concerned with
a detailed analysis on Fy contour especially from the view-
point of the role of word in discourse. In the second part,,
some results are reported on the analysis of the dynamic
range of the speech rate in spoken dialogue as compared
with that in read speech. Finally preliminary rules are
constructed for the control of prosodic features of syn-
thetic speech to be used in spoken dialogue systems.

2 SPEECH MATERIAL AND METHOD
OF ANALYSIS
2.1 Speech material

The prosodic features have been analyzed using
as speech material simulated dialogues and readings of
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Japanese. The simulated dialogues were produced by
pairs of Japanese speakers, by referring to written texts on
model of dialogue between a client and an agent about ski
resort accommodations and transportation facilities. The
same speakers also uttered in a normal reading style the
individual sentences of the same texts in a randomized or-
der. The utterances were recorded for 10 actors/actresses
of the Tokyo dialect and all the recordings were submitted
to Japanese listeners. Then the speakers' whose simulated
dialogues were judged as natural dialogues were chosen
for the analysis.

The results presented in this paper are based on two
sets of texts, respectively consisting of 34 and 54 alternat-
ing utterances; the former analyzed for 2 male speakers
(TI and YY), the latter for one male speaker (SH).

2.2 Method of analysis

The Fy contours were extracted by a modified auto-
correlation method [3], and then analyzed by a method of
Analysis-by-Synthesis using the Fy contour model, which
decomposes the logarithmic Fy contour into accent com-
ponents and phrase components [4]. This decomposition
enables a description of Fy contour with values and tim-
ings of discrete commands. For the analysis, the magni-
tude Ap and the onset timing T of each phrase command,
and the amplitude A, and the onset timing T} of each ac-
cent command were primarily focused on.

The speech rate was analyzed by measuring the du-
ration of each mora by visually inspecting the waveform.

3 ANALYSIS OF F;, CONTOURS

3.1 General Features

In the previous report [2], the following general fea-
tures of Fo contours were showed for dialogue speech as
compared with those of read speech :

1) larger mean value and standard deviation of Fy, which
can be explained as due to a larger baseline and larger
command values of Fy contour,

2) larger dynamic range in command values A, and A,
3) larger/smaller accent command A, for focused/de-
focused word,

4) frequent occurrence of accent-sandhi, which decreases
the number of accent components in a sentence,

5} larger dispersion in the degree of F; rise and delay in
the onset timing of Fy rise for the sentence final particle
/ka/ for interrogation.

These findings were more or less confirmed by the
current analyses. As for the last item, despite the fact
that this type of Fy rise is not due to the lexical accent,
it can be modeled as an accent component in the analysis
of Fy contour. Newly recorded speech material contains
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particle /ka/. (Speaker SH)
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Fig.2 Mean and standard deviation of increase of 4. in
dialogue speech as compared with read speech for
each group. (Speaker SH)

many interrogative sentences with particle /ka/, and the
results of analyses indicated larger F; rise for dialogue
speech (Fig.1). The delay of a few ten milliseconds in the
onset of accent command as compared with read speech
was also observed.

3.2 Classification by roles in discourse

Since the prosodic emphasis of speech output is
lazgely related to the discourse structure, importance of
its control increases in spoken dialogue systems. In the
previous report [2], we had distinguished words to be fo-
cused or “de-focused” from others and had shown their
prosodic manifestation as increase/decrease in the ampli-
tude of accent command. It was not so clear, however,
which words should be focused (or de-focused). Precise
analysis was further necessary on to what kind of words
prominence should be given. Consequently, each word
carrying an accent component was classified according to
its role in the dialogue :

1) contains the main target information of the interroga-
tive sentence or stands for the answer to a previous ques-
tion, and is not a repetition (T),

2) essential for the understanding of the sentence and is
not a repetition (E),

3) essential for the understanding of the sentence but is a
repetition (RE),

4) not essential for the understanding of the sentence and
is a repetition (R),

5) stresses, emphasizes or modifies the understanding of
an essential or a target word (8S),

6) interrogative pronoun(Q),

7) others (O).

A word was considered as repeated if it had been men-
tioned less than 6 alternating utterances before.

Given the prosodic rules had been formerly estab-
lished for read speech [4], we examined the increase of As
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Number of samples
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Fig.3 Mean and standard deviation of increase of A, in
dialogue speech as compared with read speech for
the accents in position 1. (Speaker SH)

Number of samples
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Aa(dialogus)- Aa(reading)
position

Fig.4 Mean and standard deviation of increase of 4, in
dialogue speech as compared with read speech for
the accents in position 2. (Speaker SH)

in dialogue speech by comparison with read speech, for
each content word of the groups defined above.

We observed the speaker TI decreased the ampli-
tudes of accent commands for repeated words (groups R
and RE) and increased them for words of group S, while
the amplitudes for words of T, O and E were almost the
same as in read speech, on average. As for the speaker
YY, he increased the amplitudes for all the words, ex-
cept for the repeated words (R), and these increases were
larger for S, T than for O, E, RE, and Q.

These results confirmed the appropriateness of the
classification proposed here, but their rather large disper-
sion also showed that it was necessary to include other
parameters in the analysis. This is the reason why the
second text longer than the first one was analyzed. A
speaker other than speakers TI and YY was chosen in
order to examine the speaker-dependency of the results
also.

Fig.2 shows the results obtained for speaker SH,
which are quite similar to those obtained for speaker TI
and YY, but the larger quantity of samples made fur-
ther examinations possible. For clarity, in this figure and
in the succeeding figures, results are showed by the width
between u—o and p+0, where p is the mean value and o
is the standard deviation calculated from the results. The
quantity of samples is also annotated for each concerned
group.

Although the prominence is considered to be related
to factors of higher orders, such as knowledge and psy-
chology of speakers, in the following sections it is analyzed
from the viewpoints of the word position with respect to
the syntactic structure and of the accent type.
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Fig.5 Mean and standard deviation of increase of 4; in
dialogue speech as compared with read speech for
accent of type D, in position 1. (Speaker SH)
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Fig.6 Mean and standard deviation of increase of A, in
dialogue speech as compared with read speech for
accent of type D, in position 2. (Speaker SH)

3.3 Classification by positions in sentence

In classifying accent components with respect to the
position in a sentence, two positions were adopted; one
(position 1) at the top of each prosodic sentence, which
is generally delimited by and starts with a phrase compo-
nent with large command magnitude, and the other (po-
sition 2) for the rest. This classification is simple, but is
considered to be valid, because it is usually the case that
a word in the beginning part of the sentence is uttered
with a large accent command irrespective of its role.

It can be seen that in position 1 (Fig.3), the am-
plitude of the accent command has increased in average
by around 0.2 for any group, and that there is no sig-
nificant difference over the seven groups. That is to say
for these words, the amplitude increases in a same range
irrespective to their role in the dialogue.

In opposition to the result above, in position 2
(Fig.4), the distribution of the increase depends on the
group : for RE and T the mean value increases by almost
0.2, for E by around 0.1, for § and Q the standard de-
viation is high, for O and R the mean value is close to
0. This can mean that in position 2, the words that do
not carry an important information for the understand-
ing approximately keep the same accent command value
in dialogue speech as in read speech.

3.4 Classification by accent types

Although there are several accent types in Japanese
words, they can be classified into two major groups with
respect to the prosodic rules : one (D) with a sharp down-
fallin F, contour, and the other (F) with a flat Fo contour
remaining at an upper position. It is known that the am-
plitude of accent command in the latter group is usually
lower than in the former. This grouping may also explain
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Number of samples
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Fig.7 Mean and standard deviation of increase of A, in
dialogue speech as compared with read speech for
accent of type F, in position 1. (Speaker SH)
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Fig.8 Mean and standard deviation of increase of A, in
dialogue speech as compared with read speech for
accent of type F, in position 2. (Speaker SH)

the dispersion in the distribution shown in section 3.2.

Consequently, the increase of A, in dialogue speech
has been analyzed on considering the type D or F of the
accent in addition to the classification of section 3.3.

We observed for accents of type D (Fig.5, 6) that
the mean value of 4, is :

-decreased or maintained for groups O and R,

-increased by around 0.2 for groups T and RE,
-increased by around 0.1 for group E,

in dialogue speech as compared with read speech. A
rather large dispersion was observed for groups S and Q.

While, for accents of type ¥ (Fig.7, 8) it is :

-decreased by 0.1 for group O,

-increased by 0.1 for groups T, E and S,

-maintained at the same value for group Q.

There was no word classified to group RE of type F in the
speech samples.

These results indicate that for words in position 2,
the increase of A, in dialogue speech depends both on
the group and on the accent type, whereas in position 1,
there is no notable dependency on the groups for the two
accent types, but the increase is larger for type D than
for type F. It must be noted, however, that the result for
type F is not so reliable because the number of words of
accent type F was very small in the speech material.

4 ANALYSIS OF SPEECH RATE
4.1 Reduction rate
Results were previously reported indicating a larger
mean value as well as a higher dynamic range of speech
rate in dialogue speech than in read speech in which the
speech rate is kept almost constant [2]. These results had
been obtained by measuring duration after segmenting
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a sentence into “bunsetsu” units (content word and its
particles).

For more precise analysis, the duration was mea-
sured after manually segmenting the waveform into
morae. Since the moraic boundary in an elongated vowel
or in & continuum of vowels was not clear, it was assumed
to be located at the center.

Because the duration may depend on lexical and syn-
tactical factors, instead of considering absolute values of
duration, a reduction rate defined by the following equa-

tion, was calculated for each measured duration.

Reduction rate = dur, — dur R

where dur, and dury ar? the duration in reading style
sample and that in dialogue style sample, respectively.
4.2 Results

It appeared that in most of the analyzed sentences,
for both speakers TI and Y'Y, the speech rate is slower
at the beginning of the sentence, while it begins to be
faster at one third, reaches the peak of reduction rate at
two thirds of the sentence, and then decreases (Fig.9).
Contrary to what could be expected, duration is not nec-
essarily elongated on the focused words.

Reduction rate[%]

171 01 mora

Fig.9 Reduction rate for the sentence “Ishiuéhimaruya.ma,
to iu sukii djoo o gozondji desu ka.” ( Do you know
the ski resort called Ishiuchimaruyama? ) (Speaker
TI)

Then, the mean dynamic range of the speech rate is
revealed for relatively short sentences (10 to 25 morae) by
a mean reduction rate, calculated for each position in the
sentence (Fig.10), after a normalization of the length of
sentence.

Nevertheless, these results must be completed by
further analysis, including some kinds of classification
such as those applied on the Fy contours in section 3.2.

5 SPEECH SYNTHESIS

Based on the results, we modified the prosodic rules
previously built for text-reading speech [5]. Since the
analysis showed that these amplitudes were larger in di-
alogue speech, the amplitudes were increased for accent
symbols as in Table 1. As for the sentence-final inter-
rogative particle /ka/, an accent symbol DH has been
assigned. The onset timing was not changed yet.

Concerning the speech rate formerly made uniform,
although the speaker dependency is notable, it was mod-

Reduction rate[%]

2
5 1o 75 20 25 30 % 4 4 20 %% 66 65 70 7 60 85 %0 ,ﬁ’
| b narmahzed“tlme [%]

Fig.10 Mean reduction rate for each position in a sen-
tence. (Speaker TI)
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ified according to the results represented by Fig.10.

An example of the phonetic symbols with the

prosodic symbols generated by the prosodic rules is :
P1 { 1.2 i FH shi u chi ma ru A0 ja ma }
{09tojuu}S2P2{0.8suFLkizjo
0A0}o{08goDHzo AOnzi}
{07de# su}DH{1.9ka} A0OPOS1
for the same sentence as in Fig.9. The numerical index
inside each bracket controls the speech rate.

The results of the listening test indicated that the
synthetic speech with modified prosodic rules sounded
more natural than dialogue speech, though the findings
of the analyses were partly realized in the rules.

Table1 Command values for phrase and accent symbols
used for the synthesis of reading style speech and
dialogue style speech.

Reading style Dialogue style

Phrase Accent Phrase Accent

P1 0.35 DH 0.50 P1 0.35 DH 0.65
P2 0.25 DM 0.35 P2 0.25 DM 0.50 .
P3 0.15 DL 0.15 P3 0.15 DL 0.25
PO | Reset | FH 0.50 | PO | Reset | FH | 0.60

FM 0.25 FM 0.40
FL 0.10 FL 0.20
A0 | Reset A0 | Reset

6 CONCLUSION AND FUTURE WORK

By comparing speech samples of simulated dialogue
with those of plain reading of text, prosodic features of
conversational Japanese were analyzed in detail. From the
results a preliminary set of rules was constructed for the
synthesis of dialogue speech. In further studies, the mag-
nitude of phrase command will be investigated together
with the amplitude of accent command with respect to
various linguistic factors and speaker’s knowledge. Auto-
matic classification of words with their roles will also be
investigated to incorporate the findings in section 8.2 to
3.4 into the prosodic rules.
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