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This paper proposes a new method for generating natural prosody
for text-to-speech systems. In this method, sentences are
composed by inlaying a variable word into each slot in prepared
sentence structures. This method can be used for domain specific
text-to-speech applications that don’t require so many number of
sentence structures but many words.

Important parameters for prosody are declination of F0 contour,
accent strength of word, and position and duration of pause. So
we construct a database containing these parameters manually
extracted from natural speech samples that have the sentence
structures to be synthesized. In the process of prosody generation,
these parameters are retrieved by the type of the sentence
structure, and the other parameters are generated with rules. The
F0 contour is generated by superposing these components on
baseline frequency.

Mean opinion score of prosody naturalness for the speech
synthesized by the proposed method is 3.6. This is 1.2 points
better than that of the former method.
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We are developing a Japanese text-to-speech system. For the
system, we proposed a wave-packet concatenation method based
on PSOLA algorithm for achieving high syllable articulation
score[1]. However, the prosody generated by the system is still
unnatural. In the system, each Japanese sentence including kanji
characters is analyzed with linguistic rules, and prosody of the
sentence is generated with rules. The rules sometimes derive
unnatural prosody. It is very difficult to built this kind of rules for
various sentences.

In this paper, we propose an “example based” approach for
prosody generation, rather than the “rule based” approach. Basic
idea of this approach is based on retrieve of natural prosody from
a prosody database containing prosody control parameters
manually extracted from natural speech samples.

It seems difficult to retrieve appropriate data from the database
which is constructed haphazardly. For this problem, we can focus
that domain specific text-to-speech applications don’t require so
many number of sentence structures but many words. For
example, a traffic information service uses 50 sentence structures
and 20,000 proper nouns. For the first step of our “example
based” approach, we propose a new method that superposes the
word prosody, generated by rules, on the sentence-inherent
prosody extracted from a narrator’s speech.

  

Figure 1: System Flow

In the following example of the sentence structure, "[ ]" indicates
a slot,

"[Meishin-Kousoku-Douro]no [nishiyuki]wa, [Nagoya]wo
sentouni [7-kiro]no [juutai]desu."
(The traffic jam of the westbound line of Meishin Expressway
is 7 kilometers long from Nagoya.)

This sentence structure represents variety of traffic jam
information by inlaying a suitable word into each slot.

Important parameters for prosody naturalness are declination of
F0 contour, accent strength of word, and position and duration of
pause. So we construct a prosody database containing these
parameters manually extracted from natural speech samples that
have the sentence structures to be synthesized. In the process of
prosody generation, the parameters are retrieved by the type of
sentence structure. System flow using the proposed method is
shown in Figure 1.
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50 sentence structures are composed for the traffic information
service system. For collecting natural speech samples, we
compose 2 sentences for each sentence structure, 100 sentences
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in total, by inlaying a variable word into each slot. The inlayed
words contain many voiced phonemes so as to accurately extract
F0 contour.  The suitable inlayed words are selected from a
vocabulary of the system. Each sentence makes sense for a
narrator to read it naturally.

We make a sentence structure table which contains phoneme
sequence of fixed portions of the sentence structure. It also
contains accent modification attribute for each fixed portion
(accent modification attribute is described in section 3.2).
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Phonemes and pauses in the speech data are manually labeled.
Duration of each phrase (shown as Lpi in Figure 2), which is sum
of phonemic durations in the phrase, and duration of pause
(shown as Lqi in Figure 2),  are stored in the prosody database
for synthesis. Phonemic durations for the fixed portion are not
stored because, in a preliminary experiment, synthesized speech
using the combination of narrator’s phonemic duration for the
fixed portions and duration rules for the variable portions has
unnatural rhythm.
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First, F0 is automatically extracted frame by frame, and then
errors of the extraction are corrected manually for forming of
smooth F0 contour. F0 contour are fit to Fujisaki's F0 quantitative
model[2] for extracting parameters as shown in Figure 2.

In the F0 model, F0 contour is generated by superposing two kind
of components, a phrase and an accent components, on a baseline
value. The phrase component, which forms gradual F0
declination, is the second order critical dumped filter response for
impulse input that represents phrase command. And the accent

component, which forms accentual hump, is the second order
critical dumped filter response of step input that represents an
accent command.

Parameters of the commands are as follows:

D�i frequency of phrase mechanism of the i th
phrase command

Api amplitude of the i th phrase command

T0i timing of the i th phrase command

E�j frequency of accent mechanism of the j th
accent command

Aaj   amplitude of the j th accent command

T1j onset of the j th accent command

T2j offset of the j th accent command

The values of� Di, Api and Aaj are stored in the database for
synthesis because they are supposed to depend on a sentence
structure. The values of T0i, E� j, T1j and T2j are dismissed
because they depend on duration or accent type of inlayed
variable words.

For each sentence structure, the database contains following
information,

• 'XUDWLRQ�RI�SDXVH��/TL��

• 'XUDWLRQ�RI�SKUDVH�FRPSRQHQWV��/SL��

• )UHTXHQF\�RI�SKUDVH�FRPPDQG��D�L�

• $PSOLWXGH�RI�SKUDVH�FRPPDQG��$SL�

• $PSOLWXGH�RI�DFFHQW�FRPPDQG��$DL�
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As shown in Figure 1, input for the system is a set of words. They
are written with kanji characters. The word dictionary contains a
phonemic sequence, an accent type and a semantic attribute for
each word. After information of each input word is retrieved, the
most appropriate sentence structure is selected from the sentence
structure table by considering combination of the semantic
attributes of input words. And the phoneme sequences and the
accent types of the words are output.

For an example set of word,

Meishin Kouseku Douro, nishi-yuki, Nagoya, 7 kiro, juutai (in
kanji character)
(Meishi Expressway, westbound, Nagoya, 7 kilometers, traffic
jam)

the following attributes are retrieved:

[Route], [Direction], [Place], [Length], [Condition]

Lp LpLq
� � �

Accent Commands
E
�

E �

E �

Aa
Aa Aa

�

� �

T2 T1 T2 T1 T2T1
� � � � � �

W

D
�

D
�

Ap Ap�

�

Phrase Commands

T0 T0� �



And the following sentence structure is selected for generating the
sentence mentioned in section 1.

[Route]no [Direction]wa, [Place]wo sentouni [Length]no
[Condition]desu.
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A phonemic sequence of a sentence to be synthesized is generated
by inlaying phonemic sequence of a word into each slot of
selected sentence structure. The prosody database contains
phonemic sequence of fixed portion of the sentence structure. So
phonemic sequences of the variable words and those of the fixed
portions are connected.

An accent is formed by an accent-short-phrase that consists of a
content word, a compound word, or a concatenation of a content
word and some functional words. A content word has an accent
type, and a functional word has an accent modification attribute
for word concatenation. Heuristic rules estimate an accent type of
accent-short-phrase using the accent type of each content word
and the accent attributes of the functional words.

All variable words in the system are content words, and accent
type of these words are retrieved from the word dictionary. In case
that an accent-short-phrase consists of a fixed portion of the
sentence structure, an accent type of accent-short-phrase is stored
in the prosody database. And in case that the fixed portion
consists of only functional words, an accent modification attribute
for word concatenation is stored in the database so that an accent
type of accent-short-phrase can be estimated.
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Phonemic duration pattern is generated with CV-context
dependent phonemic duration rules, which are based on the
analysis of natural speech data of 150 sentences, as the former
system does.

In this process, durations of pauses are just retrieved from the
database with the type of sentence structure. Syntactic and
semantic structure of the sentence define pause duration. So,
natural pause can be generated using the pause duration
extracted from natural speech of same sentence structure. The
durations of pauses need not to be modified with considering
speech rate usually, because speech rate of synthesized speech are
almost same as that of natural speech in database.
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Phrase component parameters of F0 model are retrieved with the
sentence structure ID from the database. When duration of an
inlayed word in the sentence to be synthesized is longer than that
in the sentence of prosody database, a phrase component
including the word is also longer. If retrieved parameters are
applied to the synthesized sentence, generated F0 contour is
unnatural because the phrase component is declined too rapidly.

So parameters of a phrase component need to be modified,
considering the duration of the phrase.

The declination of phrase is defined a parameter of frequency of
phrase control mechanism (D� i).  D� i is larger, declination of
phrase more rapidly. Modified D� i is calculated by the following
formula,

D�syn i =D�org i  Lporg i / Lpsyn i ,

D�org i : frequency of phrase command of natural speech,
D�syn i : frequency of phrase command of synthesized speech,
Lporg i : length of phrase command of natural speech,
Lpsyn i : length of phrase command of synthesized speech.

If Dsyn>5.0 then Dsyn=5.0, and if Dsyn<2.0 then Dsyn=2.0. In the
model, maximum of F0 is proportional to D� i. So amplitude of
phrase command (Api) is also modified by the following formula,

Apsyn i = Aporg i D�org i /D�syn i ,

Aporg i : amplitude of phrase command of natural speech,
Apsyn i : amplitude of phrase command of synthesized speech.

And timing of phrase command (T0i) is generated by rules.

Amplitude of accent components (E�j) is retrieved.  Frequency of
accent control mechanism has fixed value 20.0. Onset and offset
time of accent components are calculated by accent-type
dependent rules.

The phrase and accent components are generated using the
parameters. A F0 contour is generated by superposing these
components on a baseline value 65Hz for male’s voice.

Prosodies of natural speech and synthesized speech are compared
in Figure 3. Sentence 1 and 2 has same sentence structure, and
variable words of them are different. (1) is natural speech prosody
of sentence 1 which is stored in the database. (2) is synthesize
speech prosody of sentence 2 by the proposing method using
data(1). (3)is natural speech prosody of sentence 2. We can
confirm that the proposed method can generate a pretty good
prosody.
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Waveform is generated by the wave-packet concatenating method
as the former system dose[1].

���� (9$/8$7,21

We synthesized the following five type speech data of 46
sentences (23 sentence structures). We evaluated them by mean
opinion score.

A Synthesized speech by the former system.
[A446S01.WAV]

B Accent-short-phrase, phrase component and pause
symbols are manually assigned in the phonemic sequence.
Phonemic duration pattern and F0 contour generated by
rules. [A446S02.WAV]



C Prosody is generated by the proposed method. The
sentence to be synthesized and the sentence read by the
narrator for extracting natural prosody parameters have
same sentence structure, and variable words of them are
different. [A446S03.WAV]

D Prosody is generated by the proposed method. The
sentence to be synthesized and the sentence read by the
narrator are same. [A446S04.WAV]

E Synthesized speech using the narrator’s F0 contour, and
position and duration of pause. [A446S05.WAV]

Eight subjects put 1-5 score for each sentence speech, after they
heard it.  For each type of speech, averages of the scores are
shown in Figure 4 . The score of data A is 2.4 and not so natural.
Data C and data D using the proposed method are as natural as
data E using natural prosody. These scores are about 3.6, and 1.2
points better than that of the former method. It is impossible that
appropriate accent-short-phrase, phrase component and places of
pause (data B) make natural prosody. The natural F0 contour and
the pause duration are effective for naturalness.
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We proposes a method which generates natural prosody using
prosody database for sentences which are composed by inlaying

Figure 4: Mean opinion score

several words into slots of a prepared sentence structure. This
method can be used in many applications. For future research, a
natural prosody generating method for arbitrary sentences using
prosody database will be investigated.
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