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].

Figure 20: Screen reader software (left) and increase of
graphical user interface (right).

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.

1008
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R '8
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§ 405
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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 factile Jog-Dial

volce | Speech-rate

vibration

l synthesized

irigger

l Speech-rate Conversion Synchronization

1
[Speech Synthesis | Vibro-tactile Pattern
.{ Text T Rich Text
| Separation of Text + Rich Text ¥

Teat + Rich Text
Screen Reader (XP Reader) }

Figure 22: Block-diagram of the TAJODA interface. 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.

i Camera—actile display > B\
Microphone—+actile display

Tactile sensor®tactile 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.

[HNI =[ I+A4°+ 24cos2xfT obstacle
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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].

Soundproof champer (RION AT-81)

-~
-

' istimul
chagram

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.
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A speech synthesis device for speech disorders controlled

by continuous plane touching.
— Basis examination for an improvement of intelligibilities of consonants. —
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Abstract We have proposed a speech production method in which the voice synthesis was controlled by a position and a
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 rhythms 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. —
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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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Fig. 1 Block diagram of the synthesizer.

Fig. 2 A input device to control the voice synthe-
sizer. (P-Active XP-3300A)
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Table 1 Formant frequencies of vowels

B
/a/
/i/
/u/
/e/
fo/

F1
760
370
360
500
510

F2
1200
2340
1450
2140

850

* A real-time speech synthesizer to support speech disabilities by tracing input
-A deliberation of method to control obstruent and nasal consonants-.
by YABU, Ken-ichiro, IFUKUBE, Tohru (The University of Tokyo)
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Fig. 3 Movement of the pointer to generate "kon-

nichiwa”.
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F1 (200 -850 Hz)

wﬁnﬂo
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F2 (600 -2500 Hz )
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Fig. 4 Guiding lines for each formant transition.
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Fig. 6 Resonant frequencies and factors for "na”.
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Fig. 7 Movement of the pen to generate "na”.
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Fig. 5 Pen pressure and trajectory to generate consonant sound.
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Fig. 8 A waveform and spectrogram of "na” gen-

erated by the pen movement.
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