A Metho d of Sp eech Synthesis for Sp oken Dialogue

Systems and Psychological Assessment of the

Synthetic Sp eech

Keikichi HIROSE, Nob oru T

AKAHASHI, T oru SENOO, Mayumi SAKA T A

and Hiromichi KA W ANAMI

Department of Information and Communication Engineering,

F aculty of Engineering, University of T okyo

7-3-1 Hongo, Bunkyo-ku, 113 T okyo, JAP AN

e-mail: hirose@gavo.t.u-tokyo.ac.jp

1. Introduction

In order to realize the smo oth communication, the resp onse sp eech should not only b e

with high-quality but also b e easily understo o d by the users. Therefore, linguistic informa-

tion, such as syntactic structure and discourse structure, should well b e convey ed by the

prosody of synthesized sp eech. Since, in the case of text-to-sp eech conversion, it is hard

to extract this kind of higher-level information from input texts, proso dic rules developed

for the conventional text-to-sp eech conv ersion system are far from enough for the ab ove

requirement. In the case of output generation in dialogue systems, higher-level information

is av ailable during the pro cess of sentence generation. Another imp ortant issue in realizing

smooth communication is the generation of go o d answer. Since we have a limited size of

short term memory

, much information should not b e conv eyed simultaneously by an utter-

ance. Howev er, on the contrary

, to o small information p er an utterance may increase the

num b er of interactions b etween system and user to convey necessary information. There

should b e a compromise b etween these two extremes. Another compromise should also b e

considered on how to generate a surface sentence from a semantic representation. If known

information is included in the surface sentence, it is tedious to the user, but, in some sit-

uations, is useful to avoid the misunderstanding b etween the user and the system. When

the input to the system is conducted only by sp eech, as is often the case of sp oken dialogue

systems, the p ossibility for confusion may increase in the dialogue ow b ecause of misrecog-

nition of the input. Therefore, in such the cases, duplication of known but key information

comes more useful to keep the coherence of the dialogue. If the resp onse sentence includes

such a duplication, the user can easily extract the necessary information from the sp eech

reply when the words conveying such information b eing proso dically emphasized, and, thus,

can maintain an e�cient dialogue.

The �nal goal of our pro ject is to construct a system for generating resp onse sp eech

(Fig. 1), which should b e included in the total communication system with sp oken dialogue.

Based on the considerations ab ove, the following three items were selected as ma jor topics

of the research:

1) Generate sentences from resp onse contents of deep-level semantic representation, which

may include information on fo cal p osition, ellipsis and anaphora.

2) Synthesize resp onse sp eech with proso dic features, naturally sounding as dialogue

sp eech and well representing high-level linguistic information.

3) Synthesize high-quality sp eech also from the viewp oint of segmental features.

Figure 1: T otal con�guration of a system for generating resp onse sp eech.

As for the �rst item, we have developed a metho d of dialogue pro cessing in a sp oken

dialogue system with questions and answers. W e also hav e developed a metho d of controlling

ellipses and fo cal p ositions based on the degree of novelty of the information. As for the

second item, we have conducted a comparative study on the proso dy of dialogue-style and

reading-style and have constructed proso dic rules for the synthesis of sp eech output in sp oken

dialogue systems. As for the third item, we have adopted a formant synthesizer with multiple

paths previously developed. Recently

, a rather go o d quality is obtained for synthetic sp eech

with a scheme of waveform concatenation. This scheme, however, was not adopted, b ecause

it lacks exibility in proso dic control and is not appropriate for the current research. In the

coming sections of this rep ort, the ab ove results are partly describ ed.

2. Resp onse sentence generation [1]

A metho d has b een developed for the generation of sp eech reply with prop er elliptical

expressions and proso dic emphases in a dialogue system on weather conditions, which was

designed to facilitate the maintenance of electric p ower systems by supplying necessary

weather information to a patrol man. Although the system has several mo des of conversation

with the user, the developed metho d is mainly related to the ma jor mo de of questions and

answers.

In order to make an access to the database and to �nd out necessary information for

the user, the system needs information on "date/time, lo cation and content of questions,"

which are the case elements of the semantic representation of user input and also of system

response. A stack was prepared for each of these three items to manage the dialogue ow.

By restricting the dialogue to that of questions and answers, and by forbidding the sudden

jump in the dialogue topics, the dialogue ow can b e represented by pairs of answers and

questions called "fundamental routines of dialogue (FRD)." Case element �llers in user

inputs and system resp onses are stored sequentially in the corresp onding stacks with FRD

num b ers, which increase as the dialogue pro ceeds. If the user question do es not include

�llers for all of the ab ove three items, comp ensation is conducted by referring to the content

of the stacks without asking back to the user. If comp ensation is failed, the system asks

back to the user to give the lacking information. When all of the necessary information is

obtained, the system makes an access to the database and generates the answer in semantic

representation of the list form.

38

F or each case element �llers of the semantic representation, a ag was selected out of

four ags +1, 0, -1, -2. Flag "+1" was assigned to the case element �ller of the target

information, viz., the key words of the answer. The assignment of other ags was conducted

by comparing the number of current FRD with that of FRD attached to the same �ller

in the stack. If the di�erence b etw een the num b ers exceeded 2 (or if the same �ller could

not b e found), ag "0" was assigned, and, otherwise, ag "-2" was assigned. Flag "-1" will

not app ear in the current metho d, but is reserved for the control of proso dic emphasis as

explained later. These ags are utilized for the control of elliptical expressions and proso dic

emphases, such as to include case element �ller with ag "+1" in the surface sentence with

prosodic emphasis.

In the developed system, weather information is assumed to b e supplied from the Mete-

orological Agency of Japan at every three hours. Since each issue covers a limited p erio d,

there will b e many cases where the system cannot �nd information required by the user.

Several schemes were included in the metho d to avoid the answer only of "W e have no

information."

3. Analysis and synthesis of proso dic features [2, 3]

With the aim of constructing proso dic rules for dialogue sp eech by mo difying those

already developed for read sp eech, a comparative study was conducted on the proso dy of

dialogue-style and that of reading-style. Several actors and actresses of common Japanese

were asked to simulate a dialogue by referring to written texts on ski tour reservations.

They were also asked to read individual sentences of the texts in a normal reading-style.

These utterances were recorded and digitized to serve as the material for the analyses of

prosodic features. Analy ses were conducted on fundamental frequency contour (henceforth,

F0 contour), sp eech rate, and waveform p ow er. As for F0 contours, analysis was conducted

based on the F0 contour mo del, which enables the decomp osition of a contour into phrase

and accent comp onents, and, thus realizing a quantitative representation of the contour with

discrete phrase and accent commands.

The following general features were observed in F0 contours of dialogue sp eech as com-

pared with those of read sp eech: 1) Larger mean v alue and standard deviation of F0, which

can b e explained as due to a larger baseline and larger command values of F0 contour. 2)

Larger dynamic range in the command values. 3) Larger command v alues for words con-

veying key information. 4) Larger disp ersion in the degree of F0 rise and delay in the onset

timing of F0 rise for the sentence-�nal particle /ka/ for interrogation.

In order to make clear to what kind of words proso dic emphasis should b e given, analyses

were further conducted on how the amplitude of accent command increases in dialogue sp eech

as compared with read sp eech, after classifying each word carrying an accent comp onent

according to its role in the dialogue: 1) contains the main target information of the question

or stands for answer to a previous question, and is not a rep etition (T), 2) essential for the

understanding of the sentence and is not a rep etition (E), 3) essential for the understanding

of the sentence but is a rep etition (RE), 4) not essential for the understanding of the sentence

and is a rep etition (R), 5) stresses, emphasizes or mo di�es the understanding of an essential

or a target word (S), 6) interrogative pronoun (Q), and 7) others (O).

Since an accent comp onent of F0 contour shows rather di�erent feature dep ending on its

location in a sentence and on its accent type, results were summarized separately for two

types of p ositions and for two types of accent, viz., lo cating at the proso dic sentence initial

(position 1) or not (p osition 2), and having a sharp F0 downfall (typ e D) or not (type F). In

39

the case of p osition 1, no signi�cant di�erence was found among distributions. F or p osition

2, some signi�cant di�erences were observed for the case of type D words: larger increase in

group S and almost no increase in groups R and Q.

Based on the ab ov e results, several factors were selected which may a�ects the amplitude

of accent commands. Concretely

, 4 items (1. carrying a new/imp ortant information, 2. type

of accent, 3. p osition in the phrase comp onent, and 4. part of sp eech) were selected, with

each item divided into several categories. A quanti�cation metho d was then applied to

represent the e�ects of factors on the command amplitude numerically

. In general, larger

e�ects were observed for dialogue sp eech. The results also show ed larger e�ects of items 1

and 4. F or items 2 and 3, command amplitudes were larger for type D accent and p osition

1, as shown already .

The quanti�cation analysis was also conducted for the phrase command magnitudes, by

taking 8 items (op ening/closing an FRD, containing word(s) carrying imp ortant information,

changing topics, number of morae of the phrase, and so on) into account. The results include:

1) When op ening FRD, command magnitudes are larger for the sentence initial command

and consequently are smaller for the following command. 2) When imp ortant words included

in a phrase comp onent, the corresp onding command magnitude comes larger.

As for the sp eech rate, reduction rate of syllable duration from reading-style to dialogue-

style was calculated. Generally

, larger values and wider dynamic ranges were observed

for dialogue sp eech. Results also showed that words with imp ortant information are not

necessarily elongated. After normalizing the sentence length, the reduction rate was averaged

ov er utterances without complicated syntactic structure. It was shown that, in a sentence,

the sp eech rate of the dialogue-style started with a value close to the case of reading-style,

gradually increased, and then slowed down toward the end of the sentence. V arious factors,

such as word length and syntactic structure, mo dify this fundamental tendency .

Based on the ab ove results, proso dic rules were constructed for dialogue sp eech synthesis.

As for the F0 contours, magnitude/ amplitude of phrase/accent command is represented by a

linear equation, which is de�ned by the results obtained by the analyses with quanti�cation

method. As for the sp eech rates, an av erage reduction rate was de�ned as a function of

position in a sentence and sup erp osed on each original syllable duration. Synthesis was

conducted using b oth former rules develop ed for read sp eech and these newly develop ed

rules. A hearing test con�rmed that the new rules can pro duce b etter proso dy as dialogue

speech.

4. Conclusion

Results were shown for the research work on the generation of resp onse sp eech in sp oken

dialogue systems. Although the �nal goal of the research work was realized to a certain

extent, further e�orts are necessary for the improvements on sp eech quality and sentence

generation for more complicated task.

References

[1] K. Hirose and T. Seno o, "A metho d of generating sp eech reply with elliptical ex-

pressions and proso dic emphases," Pro c. ESCA T utorial and Research W orkshop on

Sp oken Dialogue Systems, pp.233-236 (1995-6).

[2] K. Hirose, M. Sakata, M. Osame and H. F ujisaki, "Analysis and synthesis of fundamen-

tal frequency contours for the sp oken dialogue in Japanese," Pro c. 2nd ESCA/IEEE

40

W orkshop on Sp eech Synthesis, pp.167-170 (1994-9).

[3] M. Sakata and K. Hirose, "Analysis and synthesis of proso dic features in sp oken dia-

logue of Japanese," Pro c. 4th EUROSPEECH, V ol.2, pp.1007-1010 (1995-9).

Key words: sentence generation, dialogue sp eech, sp eech synthesis, F0 contours, sp eech rate,

prosodic emphasis