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Abstract

We have developed a speech synthesis system based on the

speech production process. In the system, control

parameters for the vocal tract shape and vocal cords are

interactively set in order to produce speech output. Such an

intuitive system is useful not only for speech research but

also for teaching materials in speech science. In this paper,

a network-based articulatory speech synthesis system has

been developed for distance education. In order to develop

a Web-based articulatory speech synthesis system, a stand-

alone type system previously developed was modified by

using the program language, Java. Preliminary experiments

showed the effectiveness of the system as a teaching

material.

1. Introduction

An articulatory speech synthesis system, which simulates

speech production process, has a potential for producing

very natural speech output. Moreover, articulatory

parameters such as vocal tract areas and length are useful

for intuitive understanding of the relationship between the

vocal tract configuration and resultant speech sounds. For

example, differences in the size of the vocal tract and vocal

cords between male and female speakers can be recognized

as differences in formant and pitch frequencies in speech

sounds. A speech synthesis system that provides

interactive use for users can be an effective tool for

understanding the effects of articulatory parameters on the

characteristics of the synthesized speech. Therefore the

realization of such a system is useful for education in

speech science. Considering the recent progress of IT

technologies, a Web-based system is suitable for the

realization of user-friendly and machine-independent tool.

Vocal cords

model

Vocal tract and lip

models

Interaction Speech

Q : svocal cords tension

Ag0 : glottal rest area

Ps  : subglottal  pressure

An : tract area

 (n = 1, ..., 20)

L :  tract length

Figure 1: Articulatory speech synthesizer.

2. Speech synthesis system

The speech synthesizer used in our system is based on the

speech production model proposed by Sondhi and

Schroeter[1]. The model consists of three parts: vocal

cords, vocal tract and lip models. Fig.2 shows the

schematic diagram of the synthesizer. In the synthesizer,

the two-mass model of the vocal cords proposed by

Ishizaka and Flanagan[2] is used to produce the glottal

source. The excitation of the glottis is controlled by

vocal-cord tension (Q), glottal rest area (Ag0), and

subglottal pressure (Ps). In our system, the vocal tract is

approximately represented by cascaded 20 acoustic tubes

and is parameterized by cross-sectional areas of the tubes

and the vocal tract length as shown in Fig.2.

Describing a continuous change in the vocal tract area

functions is necessary for the synthesis of continuous

speech. In our synthesis system, the continuous change is

represented by modifying the area of each acoustic tube

based on the behavior of the cascaded first-order

systems[3]. The authors have studied articulatory

modeling based on cascaded first-order systems for

describing trajectories of articulatory movements[4]. In

the preliminary experiment, trajectories of articulatory

movements including consonants were closely

approximated by the response pattern of the cascaded

first-order systems. Therefore, the cascade model was used

for describing the change in vocal tract areas for

continuous speech.

Fig.3 illustrates the change in the area of one acoustic

tube resulting from articulatory movements. In this case,

the trajectory of articulatory movements between

articulatory targets at t1 and t2 is described by the step

response of the cascaded first-order systems. For

simplification, it is assumed that each acoustic tube varies

its area perpendicular to the axis depending on the step

response of the cascade model during speech.

3. Development of a Web-based speech

synthesis system

The author has developed a GUI-based speech synthesis

system in order to study relationships between human

vocal tract shapes and speech signals[3]. GUI-based

systems can be effective and user-friendly tools for

teaching materials in speech science as well as speech

research. In the stand-alone system previously developed

by the authors, a script language Tcl/Tk[5] was used to
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Figure 2: Vocal tract shape by connected acoustic

tubes.
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Figure 3: Change in the area of one of acoustic

tubes as a function of time. Increase of the area is

described based on the step response of the

cascaded first-order systems.

develop a GUI for setting articulatory parameters such as

vocal tract areas and length. The Tcl/Tk is an easy-to-learn

language and is available for many computer platforms;

UNIX, MS-Windows, Macintosh, etc. Moreover, Web-based

applications can be developed by using Tcl/Tk Web

browser Plug-ins. In the newly developed system, however,

the Java programming language[6] is used because of its

compatibility with many Web browsers.

Fig.4 shows the configuration of the Web-based

speech synthesis system. The system was developed on a

desktop computer(Celeron 2GHz, Memory 256MB) with a

Red Hat Linux 9.0 operating system. Server programs; a

Web server, a calculation server, and a socket server are

installed on the computer. Calculation programs for the

synthesis are developed with program languages, C and

FORTRAN. The Java language is used to develop the GUI

between users and the calculation programs for the

synthesis. Users can access the GUI programs through

their Web browsers on client computers. Interactive

operation for determining vocal tact configuration and

vocal cords parameters is achieved by using Java applets

HTTP files

Web browser Web server

Java sourceGUI (Java applet)

Speech synthesis

module

(Fortran)

[ Setting Parameters ]

Vocal tract shape

Vocal cords parameters

( )

Speech synthesis
Request

Result[ Play ]

Articulatory

parameters

Synthesized

speech

Access

Q
0gA sP nA L

1

2

3

4

Figure 4: Configuration of the Web-based speech

synthesis system.

within a Web browser. These parameters are transferred to

the calculation server through socket connections and are

used to produce synthesis speech. The created sound file

is transferred to the client computer after clicking a “play”

button on the Web browser. The server system supports

multiple-user access. In the system, an ID number for each

user is automatically generated at the beginning of the

access. And then information about the articulatory

parameters set by the user and the resultant sound files are

managed with the ID number.

In our system, the vocal tract is displayed on a window

as shown in Fig.2. The vocal tract consists of twenty

acoustic tubes and its shape can be determined by several

input methods. Numerical data of vocal tracts for five

vowels obtained from MRI are prepared in the system.

A window for free-hand drawing of an area function is

also available for determining a tract shape. An example of

the free-hand drawing and the resultant vocal tract shape is

shown in Fig.5. A user can draw a vocal tract area function

on the canvas for free-hand drawing with a computer

mouse. Although it is not easy for beginner user to

synthesize good speech sounds by the function of the

free-hand drawing, the function is useful for recognizing

the importance of the place of constriction in the vocal

tract by trial and error. A vocal tract shape displayed on

the window can be modified with a computer mouse and

keyboard.

Fig.6 shows a setting window for vocal cords

parameters; subglottal pressure (Ps), glottal rest area (Ag0),

and vocal-cord tension (Q). As for the vocal-cord tension,

fluctuation of pitch frequency obtained from real speech

sounds can be introduced in the synthesis. This function

is useful for recognizing the importance of pitch

fluctuation for production of natural synthesis speech.

Synthesis of continuous vowels is also available in

the system. As shown in Fig.3, continuous change in vocal

tract as a function of time is described by the response of

the cascaded first-order systems. The change in the area is

calculated on the assumption that the trajectory of

articulatory movements between the successive vowels

can



(a) Window for free-hand drawing of a vocal tract area

function.

(b)Resultant vocal tract shape.

Figure 5: Determining a vocal tract shape by free-

hand drawing.

Figure 6: Determining vocal cords parameters.

be described by the response of the cascaded first-order

systems. Fig.7 shows a design window for the vocal tract

transition and an example of the change in the area of one

acoustic tube. In this example, the transition of the

eighteenth tube from the glottis designed for the

synthesis of continuous vowels /aiueo/ is displayed.

Before the appearance of the design window, the sequence

of vowels can be set at the window shown at the upper part

of Fig.7. The transition of the area is smoothly described

based on

(a)Window for vowel selection.

(b)Window for vocal tract area transition.

Figure 7: Vocal tract design window for the

synthesis of continuous vowels.

the response of the cascade model. Long vertical lines in

the figure indicate the time instants at which step inputs

as hypothetical motor commands to the cascade model

occur as shown in Fig.3. Since these time instants can be

modified with a computer mouse, the timing of the

movements or speaking rate can be changed by adjusting

the time instants of the motor commands.

4. Experiment

In the developed system, Web contents such as manual

pages are also available for user convenience: for example,

tutorials for the speech production process, information

on installing user environments for system use, how to

use the system with several examples.

In order to evaluate the usefulness of the system, a

preliminary experiment was performed. In the experiment,

ten users accessed the Web server through their client

computers including Windows, Linux and MacOS X.

Internet Explorer6.02, Mozilla 1.2.1, Netscape 7.1 were

used as Web browsers. Being developed by using the Java

language, GUI for setting articulatory parameters was

successfully worked on each browser.

After using the synthesis system for about an hour, the

users answered a questionnaire. The questionnaire

consists of two categories; (1)User-friendliness of the

system (2)Understanding of speech production process.

Fig.8 shows the results of the questionnaire concerning



the user-friendliness. Items of the questionnaire are as

follows:

A: user-friendliness (operational performance)

B: consistency of interface

C: processing speed of synthesis server

D: understanding of operation

E: understandability of web-manual

The users answered the questions on a scale of 1 - 5, where

1 means very poor and 5 means very good. The averaged

score over the ten users for each question is shown in the

figure. Although each of the items is more than moderate

score 3, the evaluation score is not so high. Some users

commented on the response speed of the system during

the synthesis of continuous speech.

Fig.9 shows the results of questionnaire concerning the

understanding of speech production process through the

use of the system. Items of the questionnaire are as

follows:

F: meaning of acoustic terms

G: role of vocal tract and vocal cords

H: vocal tract shape and resultant vowel speech

I: synthesis of male or female voice when vocal tract

length or vocal cords parameters are changed

J: speaking rate control by changing the transition

speed of a vocal tract shape

In this case, the score of the item F was 2.5. The reason for

the low score is that it is not easy to understand large

scientific terms in a short trial. The higher score of the

item H shows that the users were able to understand

relationships between vocal tract configuration and

resultant vowel speech sounds. The function of changing

vocal cords tension Q is useful for understanding

difference between male and female voices. As shown here,

the evaluation showed the effectiveness of the synthesis

system for understanding the role of a vocal tract and

vocal cords in speech production.

5. Conclusions

In this paper, a Web-based articulatory speech synthesis

system has been developed as an education tool for

distance education. Although further improvement is

needed for more convenient use, a preliminary experiment

showed that the system was effective tool for students to

understand the relationship between vocal tract

configurations and resultant speech sounds.
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Figure 8: Results of the questionnaire for user-

friendliness of the speech synthesis system.

Figure 9: Results of the questionnaire for

understanding of the speech production process.
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