After completing this basic research regarding similarity
between the human voice and the mynah imitation, we
designed a new electro-larynx composed of an air flow sensor,
a small computer and a vibrator. An important role in the
creation of voice sounds is played by the flow of air from the
lungs to the larynx, determining a metrics such as a sound
level, an accent and an intonation. In our electro-larynx, the
intonation can be controlled by the exhalation flow detected
by the air flow sensor as shown in figure 14 [10].

vibrator

essure-frequency /
onverter

Figure.14: Pitch controlled electro-larynx

The electro-larynx voices can be perceived like the human
voices with the intonation although the formant structure
obtained by the voices is very different from the human’s
voices. The electro-larynx with pitch-controlled function has
been manufactured and more than 4,000 patients have been
using the device since 1998 in Japan.

However, since this method requires the use of a hand, it is
still somewhat restricting. Many patients have strongly
requested us to design a hands-free electro-larynx so that they
can use it in daily life and in their office without their hands
bound by the control of the electro-larynx while using it.

Figure 15: Hands-free pitch controlled electro-larynx

Furthermore, the electro-larynx sound is still not human-
sounding voice. It was supposed that fluctuations of speech
waves are needed to add to the electro-larynx voice.

In order to answer their request, we have designed a hands-
free electro-larynx that can be attached to patient's neck. By
comparing the various materials for the neck band, a thermo-
plastic brace was selected. It becomes soft about at a
temperature of 70 degrees centigrade while being hard at a
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body temperature so that it is suitable for adjusting individual
differences of a shape and hardness of the neck tissue.

We made a smaller vibrator (32mm diameter x 19mm thick
and 32g weight) and a much more sensible flow sensor than
the conventional one. The vibrator and the sensor can be
mounted to the thermo-plastic brace. Figure 15 shows the
prototype of the hands-free electro-larynx worn by a patient.
From usability tests, it was confirmed that the electro-larynx
voices are heard more naturally than the conventional one and
that the activity of the patients significantly improves in daily
life. Furthermore, by adding a 1/f fluctuation of the pitch
frequency [11] to the electro-larynx, the voice quality
apparently exceeded the mynah bird’s imitation [12].

3.2. Voice synthesizer for the aid of articulation
disorders

In order to assist articulation disorders, we designed a speech
synthesizer that can be handled by a finger as if a user is
playing a musical instrument. One of students, who is difficult
to control his speech organ because he has been suffering from
muscle dystrophy, designed the synthesizer for himself. He
has been disappointed in ordinary speech aids that do not work
in real time or can not produce non-verbal information such as
intonation and emotional expressions.

Our method was modeled after a speech production
mechanism of a parakeet and a ventriloquist that can produce
normal speech without moving their mouth. By analyzing
their speech production, it was found that they produce speech
sounds only by rapidly moving tongue inside the mouth.

This fact means that they can produce bilabial consonants
such as /pa/, /ba/, and /ma/ by rapidly moving the tongue
without closing their lips. As an analytical result of the
ventriloquism vocalization mechanism, it was hypothesized
that the ventriloquist quickly moves his/her tongue so that /a/
of /pa/ can be produced after putting the tongue at a front
tooth; an articulation point of a consonant /t/, in the case of
ventriloquist’s /pa/ as shown in figure 16. Human can hear
only /pa/ by this tongue movement even if the sound of the
consonant /t/ exists. Almost the same mechanism as /pa/ was
ascertained in the case of /ba/ and /ma/. This result means that
/pal, /ba/ and /ma/ can be heard only by the tongue movement
inside a mouth.

</ ﬁ \ﬁ%)

g d

{ta} Ipa {tad 2 {put
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Figure 16: Parakeet has a flexible and thick tongue (upper), so
that she can produce various vowel formants by changing
resonant frequencies. Ventriloquist quickly moves a tongue so
that /a/ of /pa/ can be produced after putting the tongue at an
articulation point of /t/ ( lower).



An idea of our speech synthesizer for the disorders is mainly
based on a fact that human recognizes the bilabial consonants
produced by the ventriloquist. Parameters of first formant
frequency (F1) and the second formant frequency (F2) of a
formant synthesis software were controlied by a position and a
motion of a user’s index finger without any key input.

A touch pad was adopted for the input device that detects the
fingertip’s position and movement. The Fl and F2 that
correspond to the position of the tongue were two
dimensionally assigned to the plane of the touch pad as shown
in figure 17.

Figure: 17 A touch pad (left) where F1 and F2 frequencies
were two dimensionally assigned to the plane (right).

A prototype model was designed on a personal computer using
formant synthesis software to get the optimal speech synthesis
method for the articulation disorders [13]. In our method, in
order for the users to easily find the formant transitions to
produce the desired consonants only by changing the formant
transitions, “Guiding Lines” were superimposed on the pen-
tablet display. Direction and length of each guiding line was
assigned at a starting point and a locus of the formant
transition on the F1-F2 plane. The starting point and the
formant transition locus were decided according to an
“Expanded Locus Theory” that we modified based on “Locus
Theory” [14].

In the evaluation of sentence recognition, continuous speech
sounds were synthsized by tracing the touch pad using the
index finger as shown in figures 17 (left). After a few hours
training to produce some Japanese sentences such as /ohayo-
gozaimasu/ (good morning), /kon’nichiwa/ (good afternoon),
/kombanwa/ (good evening) and /arigato-gozaimasu/ (thank
you), the consonants /ha/, /go/, /zal, /su/, /kof, ni/, /chi/, /wal,
and etc. were apparently heard in the continuous sentences
although the synthesized voices had no consonant sounds.
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Figure 18: A sound spectrogram of /ohayo-gozaimasu/
obtained by our synthesizer for the speech disorders.
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Figure 18 shows a sound spectrogram of /ohayo-gozaimasu/.
From the evaluation results, it was ascertained that the users
may more easily produce the arbitral sentences by tracing the
guide lines than conventional one [15].

Next we carried out evaluation test of randomly synthesized
100 words composed of 4 monosyllables. Although the
identification of vowels and voiced consonants such as semi-
vowels, nasals, showed high score around 70 %, the average
identification rate showed only 33 %. It was still difficult to
perceive some consonants that need random noise component
such as /s/, /h/ and /z/. We have been investigating how the
noise component should be added and controlled by user’s
finger.

By using a touch pad with a pressure sensor and by assigning
the detected touching pressure to the pitch frequency, the
subject could produce some emotional voices such as
“laughing”, “surprising” and “disappointment” by
controlling the pressure of the touch and the speed of finger
movement. Furthermore, by connecting this tool with a
musical key-board, the subject could sing some Japanese
songs after short time training.

We are planning the speech production method to apply a tool
for people with aphasia and also to one of new musical
instruments for general users.

4. Assistive tools supporting “Seeing”

There are three approaches for visual substitutes as shown in
figure 19. One is to convert visual information into tactile
stimulations, the second is to electrically stimulate the
surviving visual nerves, and the third is to convert text to
speech. In this session, two examples to assist the visually
disabled are mentioned.

Visual acl :
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Figure 19: Three approaches supporting “seeing".

4.1. Screen reader for the blind

In 1996, we developed a screen reader, called '95-reader’,
which can convert text information into synthesized voices for
Japanese visually impaired people as shown in figure 20 [16].
However, operating systems based on graphical user interfaces
(GUIs) have spread rapidly in personal computer
environments. Consequently, it is inherently difficult for
visually impaired people to use the screen reader, since they
are often unable to detect the necessary visual information.

With this problem in mind, we have proposed a tactile jog-dial
(TAJODA) which can control the speech rates of the screen
reader while displaying rich text features, such as various



fonts, letter sizes, and bold script onto the tactile sense of a
fingertip.

For the design of the TAJODA, first, maximum listening tests
were performed on blind users in order to investigate how
many morae per minute the blind can correctly recall the
presented sentences. From the experimental results obtained
by about 20 subjects, it was found that the maximum recall
rate for experienced users was about 1,400 morae per minute,
which is 2.6 times faster than the average listening rate (550
morae per minute) of the sighted, as shown in figure 21 [17].
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Figure 20: Screen reader software (left) and increase of

graphical user interface (vight).

ext, based on the psychophysical experiments, we determined
what kind of rich texts should be presented as tactile patterns.
As a result, we have determined some parameters of the
prototype model that can control speech rates in real time by
use of a finger while touching the rich texts with another
finger, as shown in figure 22 [18].

The use of the TAJODA was well accepted by all of the blind
subjects, since it allowed them to actively and flexibly
navigate through the speech information by dynamically
controlling the speech rate. The tactile cues also helped them
to look for particular information within the overall speech
information. It has been proven that document recognition rate
is 2-3 faster than the conventional screen reader.

In a recent model that has been commercially available in
Japan, the speech rate can be changed according to
monosyllabic voice units by clicking upper button for “more
quickly” or the lower button for “more slowly” using a thumb
finger of the right hand. An index finger can touch the tactile.
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Figure: 21 Recall rate in percent as a function of speech rate
in morae/min.
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display which is arranged in two columns of 8 pins each, using
32 piezo-vibrator pins [19].

One of blind subjects reported “The tactile cues act like
guideposts on a road. The road is like a string of speech
information and the guideposts are the tactile cues”. The
subject also reported that the one dimensional speech
information felt as if two dimensional documents were
presented. This fact anticipates that the visual cortex is
activated while using the TAJODA.

Speaker ‘Tactile Jog-Dial

s

i
h

synthesized

vodee cech-rate

trigger

Speech Synthesis | | Vibre-tactile Pattern
T Text T Rich Text
[ Separation of Text + Rich Text I

vibration

Speech-rate Conversion Synchronization

Text + Rich Text
Secreen Reader {(XP Reader) |

Figure 22: Block-diagram of the TAJODA interfuce. Speech
rate can be controlled by the thumb. Rich text is displayed as
vibro-tactile patterns on an indicating fingertip.

Furthermore, we have been designing a Tactile Mobile Phone
for assisting “seeing”, “hearing” and “speaking for the deaf-
blind” by combining the tactile aid with the TAJODA as
shown in figure 23.

In the mobile phone, image and direction information are
sensed by a camera and an electric compass inside the mobile
phone, which signals are transmitted to a tactile display.
Environment sounds including speech can also be detected by
a microphone attached to the mobile phone. Furthermore,
since the tactile display is utilized as a tactile matrix sensor,
tactile information touched and traced by a finger can be
displayed onto a receiver’s fingertip through the mobile phone.
This function will be useful for the deaf-blind as well as
normal users, especially in the condition when the users’ eyes
and ears are bounded.

Camera—tactile display

Microphone—tactile display

Tactile sensaretactile display

Figure 23: Tactile Mobile Phone for assisting “seeing”,
“hearing” and “speaking”




4.2. Tow-dimensional image display method using

Most visually impaired people can detect obstacles by using
an ability known as "obstacle sense". We have been
investigating the mechanism of the obstacle sense based on
psychophysical experiments using visually impaired people .
By analyzing and modeling the mechanism of the obstacle
sense, the resultant model could be utilized in new concepts
for image display aids as well as mobility aids for the blind.
From our past research [20], we have ascertained that the
reason why they can detect the obstacle and guess the distance
is due to their ability to discriminate tiny changes of sound
spectral patterns produced by the existing of obstacle. The
spectral changes are caused by phase interference between
directly reached sound to ears and reflected sounds from the
obstacle as shown in figure 24. This spectral change is called
“coloration”. If environmental noise-like sounds do not exist,
the ability of obstacle sense decrease or does not work because
of a luck of the phase interference.
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-

HH(D| = 1+4°+ 24c0827fT
8

P&

" ) . o /,,..«\\‘ /’“\\ /’ . W,:
g " \ / 08 i‘ /‘/ 2089 \ / it ‘
2,00 0 :
QL ! ] ¢
) i
& i
R YAVATAYAYAVAVAYAY/ A {\
2 MJ ; Lis B B ¥
@ s
® ! subject
g v ;
s :
% e B
e i
. AR :
* ; noise
frequency

Figure 24: Spectral changes caused by phase interference
between direct sounds and reflected sounds from the obstacle.

From basic experiments related to obstacle sense by the blind,
we found that the discrimination ability of coloration changes
is no difference between blind and sighted groups. However,
the blind may detect the obstacle by perceiving the coloration
difference as “sound quality change” [21]. It means that the
obstacle sense would be acquired by their experience. In
another word, they acquired the obstacle sense by “brain
plasticity” in the central auditory system.

It is supposed that two dimensional sound images displayed
using a loud speaker matrix would be more accurately
perceived by the blind than by the sighted for a short training
time. With this supposition in mind, we tried to convert the
images into two dimensional sound images by using a loud-
speaker matrix that can produce temporally and spatially
controlled sound sources more than 30 years ago as shown
[22].

We have investigated again how the moving sound images as
shown in figure 25 are perceived by hearing in order to
determine the optimal arrangement of the loudspeakers.
Although this study is very preliminary, we may obtain some
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suggestions how image information should be displayed in
addition to speech information for the blind [23].
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Figure 25: Speaker array for displaying two dimensional
images in addition to speech information

5. Conclusion

By applying the sound-based assistive tools to the hearing
impaired, the visual impaired and the speech disorders, certain
basic hypotheses concerning the brain function have been lead
and also the tools have lead to the design of human interfaces
for general users. Furthermore, the assistive tools designed for
the young disabled will be also useful for supporting the
elderly with disabilities by modifying them. The research
approach mentioned in this report may contribute to open new
markets and to benefit a greater number of people.

6. Acknowledgements

The author would like to thank Dr. Tatsuya Hirahara, Dr.
Norihiro Uemi, Dr. Chikamune Wada, Dr. Shuichi Ino, Dr.
Mitsuo Hshiba, Dr. Yosikazu Seki, Professor Tadayuki Sasaki,
Dr. Hayato Kuroki, Dr. Ken’ichi Yabu, Dr. Tetsuya Watanabe,
Dr. Chieko Asakawa, Mr. Msanobu Sakajiri, Mr. Takahiro
Miura, Dr. Takahiro Ueda and Dr. Satoshi Fukushima who
directly involved in this study as well as many engineers
helped us to design assistive tools. Their help in running the
experiments and designing the devices has been very
invaluable. Most fundings were supported by Grant-in-Aid
from the Ministry of Education and Science.



(2]

(3]

[4]

(0]

(7]
(8]

[10]

[H]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

7. References

Ifukube, T., “Sound-based Assistive Technology for the
Disabled”, Corona Publishing Co., (250 pages.in Japanese)
(1997)

Ifukube. T., "A Neuroscience-based Design of Intelligent Tools
for the Elderly eceand Disabled," ACM press, New York, 31-36
(2002).

Ifukube, T., Yoshimoto, C., "A sono-tactile deaf-aid made of
piezoelectric vibrator array," J. Acoust. Soc. Jpn., 30 (8) 461-
462 (1974).

Levanen, S., Jousmaki, V., Hari, R, "Vibration-induced
auditory-cortex activation a congenitally dcaf adult," Current
Biology, 8(15), 869-872 (1998).

Sadato, N., and et al., "Activation of the primary visual cortex
by Braille reading in blind subjects,” Nature, 380, 526-528
(1996).

Sakajiri, M., Miyoshi, S., Nakamura, K., Fukushima, S and
Ifukube, T.,” Voice Pitch Control by using Tactile Feedback for
the Deafblind or the Hearing Impaired Persons to Assist their
Singing”, 2010 IEEE Internatuional Conference on Systems,
Man, and Cybernetics (in press).

Ifukube, T., “Design of a Voice Typewriter”, CQ Publishing
Co., (195 pages, in Japanese), (1984)

Nakano, S., Makihara, T., Kanazawa, T., Kuroki, H., Ueda, K.,
Ino, S. and Ifukube, T., “A Study on the Ease of Real-Time
Speech-to-Caption System for the Hearing Impaired(1): The
Effect of Line Break,” The Transactions of Human Interface
Society, Vol.10, No.4, pp.51-60 (2008).(in Japanese)

Hirahara, T., Ifukube, T., and Yoshimoto, C., “An articulation
model of a talking bird “Mynah”-An analysis of music voices
pronounced in He-O, atmosphere-”  J.Acoust.Soc.Jpn,
38(6):321-329 (1982) (in Japanese)

Uemi, N., Ifukube, T., Design of a new electro larynx having a
pitch control function, in: IEEE Inter. Workshop on Robot and
Human Communication, 198-203 (1994) (in Japanese)

Aoki, N. and Tfukube, T., “Analysis and perception of spectral
1/f characteristics of amplitude and period fluctuations in
normal sustained vowels,” J.Acoust.Soc.Am, 106(1) (1999).
Hashiba, M., Sugai, Y., Izumi, T., Ino, S. and Ifukube, T.,
"Development of a hands-free electro larynx for persons whose
larynx have .been removed", J.Acoust. Soc. Amer. 120(5),
p-3351 (2006)

Yabu, k., Aonuma, S., Ifukube, T., “A speech synthesis device
for voice disorders.- Its research approach and design concept —
“TEICE Technical Report, 106(613), 25-30 (2007)

Pierre Delattre, Franklin S. Cooper, Alvin M.Liberman, and
Louis Gerstman:Acoustic Loci and Transitional Cues for
Consonants; The Journal of the AcousticalSociety of America
26(1), p137 (1954)

Yabu, k., Aonuma, S., Ifukube, T., “Proposal of a speech—
synthesis interface for speech disorders by using a pointing
device, The Trans. Of Human Interface Sciety, 11(4), 135-146
(2009) (in Japanese)

Watanabe, T., Okada, S. And Ifukube, T., "Development of a
GUI screen reader for blind persons, Systems and Computers in
Japan. 29, 13, 18-27 (1998) (in Japanese).

Asakawa, C., Takagi, H., Ino, S. and Ifukube. T., "Maximum
listening speeds for the blind,” Proc. ICAD, 2003.

Asakawa, C., Takagi, H., Ino, S. and Ifukube. T., "TAJODA:
Proposed Tactile and Jog-Dial Interface for the Blind," IEICE
Trans. on Information and Systems, Vol.E87-D, No.6, pp.1045-

1014 (2004).
Ifukube,T. and Kimura, S., "Screen Reader Interface
Dynamically Hastens Specch while Giving Emphasized

Information to the Tactile Sense,"4th Joint Meeting of The
Acoust. Soc. Am. and the Acoust. Soc. Jpn (2006).

Seki, Y. amd Ifukube, T., “Relation between the reflected sound
localization and the obstacle sense of the blind,”
J.Acoust.Soc.Jpn, 50(4):289-295, (1994) (in Japanese)

T. Miura, T. Muraoka, and T. Ifukube. "Comparison ofobstacle
sense ability between the blind and the sighted:A basic

[22]

(23]

psychophysical study for designs of acoustic assistivedevices,”
Acoust. Sci. Tech., 31(2):137-147, 2010.

Tfukube, T., Sasaki, T. and Peng, C., A blind mobility aid
modeled after echolocation of bats, in: [EEE Trans., BME38(5)
461-465 (1991)

Suzuki, ., Miura, ., Tsuchiya, ., Ueda, K., and Ifukube, T.,
"Design of a loudspeaker-matrix which presents two-
dimensional patterns: Perception of sound-image trajectory"”, T.
SICE Vol.43 No.3 in press (2010) (in Japanese)



EEA ETHERBEES
THE INSTITUTE OF ELECTRONICS, Technical Report
INFORMATION AND COMMUNICATION ENGINEERS !r’l{ML!Z(}lO-‘?b SP2010-52,WIT2016-40(2010-10)

H LR EE jiiz D728 DEE Z v T TEIET 58 AR
FHWED T OO RN —

%&%~ﬂﬁ a2

T H ORI R S BN E o 7 — T 153-8904 HURGH! B B XEE 4-6-1
E-mail: T {yabu, 1‘fui(ub@}(gv,,human.rcast, u-tokyo.ac.jp
IRy FRE LA PIETRED I THEEDLIILER

f'}‘;%cﬁﬁﬁ%?’i’ 'Tlf\@o §_.7]'L(L—-¢t@\ thﬁﬁﬂ(i}th /\j—‘uﬁ

SHEER TR A, o, BAERIC L AERMS, 2 DI
Lo THIEN S 750 C, RBIRLRD & b E R BT

BB DI DT, EE e VIO R
TODREREER LI OTRET S, £z, THRENME

ST

A speech synthesis device for speech disorders controlled
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Abstract We have proposed a speech production method in which the voice synthesis was controlled by a position and 2
motion of a pen or a finger put on a pointing device in real-time for speech disorders, and have developed it. Nonverbal
information like thythms and intervals of voices can be freely controlled by using this method. Our previous study with a
prototyping model which we developed showed that voices that sound like consonants were produced by controlling two
formant frequencies by a movement of a pen or a finger. In this paper, we described about an experiment with a improved
production method for consonants, and discussed about problems.
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A real-time speech synthesis method to support speech disabilities

by pen-operated coordinate representation.
— An approach of manipulation and generation method for nasal consonants. —

Ken-ichiro Yabu®  Tohru Ifukube’

T Research Center for Advanced Science and Technology, The University of Tokyo
4-6-1 Komaba, Meguro-ku, Tokyo 153-8904 Japan
E-mail: T {yabu,ifukube}@human.rcast.u-tokyo.ac.jp

Abstract We have proposed and developed a real-time speech synthesis device in which pen input coordinate values are
directly corresponding the speech synthesis parameters, to assist daily communication for speech disability persons. The
method of this device enables expressions of nonverbal information such as time intervals or rhythms, because the user can
control sound like playing a musical instrument. It have been shown that voices that sound like consonants were produced by
controlling only two formant frequencies, but it was unclear sounds. In our previous experiment, we have proposed a method
to generate simplified obstruent consonant only by a pen input. In this paper, we propose a method to generate nasal
consonants, and describe about an experiment of that improved device.

Keyword Formant, Consonant, Voice Synthesis, Articulation Disorder., nasal consonant.
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Basic study on a pitch-control method of a speech synthesis device
for articulation disorders

Ken-ichiro YABU'  Tohru IFUKUBE?
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I Institute of Gerontology, The University of Tokyo 7-3-1 Hongo Bunkyo-ku Tokyo Japan
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Abstract As an assistive device for speech disability persons, we have proposed and developed a real-time speech
synthesis device by which a user can control sound like playing a musical instrument. In this method, coordinates of a position
pointed by a finger or pen is directly corresponding the speech synthesis parameters, the device enables expressions of
nonverbal information such as time intervals or rhythms. Intelligibleness of voice has been gradually progressed in previous
study, but the method to control both phonological and intonation change by using only one hand was not introduced.
Therefore, two method was introduced: one is that (1) intonation control parameter is input from a pressing force by grip
strength of little finger, and another is that (2) source sounds of formant synthesis is provided from a voice of a user by skin
conduction microphone fitted on neck. In this paper, we report about a basic experiment of them by prototype device.

Keyword Formant, Voice Synthesis, Articulation Disorder, Intonation
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