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Abstract
When we attend class, we frequently take notes. The

method of taking note means writing much information as

a paper record. However, we cannot write it down in the
notebook if there is no visual feedback information. We
propose a pen-based note-taking system, which is named
the ‘Pen-Talker’ on the ultra mobile PCs for blind person.
A blind novice user with acquired blindness is able to
input Japanese characters directly instead of a keyboard
without well training by using the ‘Pen-Talker’. This
paper describes system design concept of the system. We
also investigate a higher recognition engine based on the
hybrid recognition, which is integration of on-line and
off-line recognition algorithm, and we restructure the
input interface by the ultra mobile PC with a voice
assistance function. Screen information is given to user
via built-in a screen reader. Therefore the ‘Pen-Talker’
can be used as a note pad software using a simple button
operation for even blind novice user. As a result of the
recognition experiment, recognition accuracy has
improved to 93.3% for eight blind subjects. This is an
extremely high score compared with the previous our
system. Consequently, we confirmed the practical use
possibility of the proposed system.

1. Introduction

In recent years, many visually impaired persons are
increasing by eye diseases or traffic accidents. There are
about 200,000 persons with acquired blindness in Japan.
The blind person has been interested in computer use as
an assistance of communicatior. In general, users input a
Japanese character using a keyboard on desktop PC.
However, since the blind user cannot see the key position,

keyboard operation is very cumbersome. Furthermore,
there are about 3,000 commonly used characters such as
Kanji (Chinese characters), Kana, and Katakana.
Therefore, computer support for blind person has become
an important theme. A word processing using a keyboard
is commercially available for the blind users today.
However, they have to learn to use the software
conversion of Kana to Kanji, using a keyboard. This
software has to select the correct Kanji character from
various candidates of the same Kana-sound (these are
called the homonyms). Hence, the keyboard operation is
not suitable method for the novice user in our country.

As one of the computer support method for blind user,
we have proposed an on-line Japanese character input
system for persons with acquired blindness [1]-[4].
Although blind user still have to select the candidate
characters, when the character is input using a stylus pen,
the burden on the user is reduced by the development of
high accuracy character recognition algorithm. For
realizing this system, the recognition method has to
recognize the handwriting character written without visual
feedback. Therefore, we have proposed a new recognition
technique, and are improving the still more advanced
recognition accuracy. Fortunately, almost all persons with
acquired blindness have memorized shapes of Japanese
characters. Therefore, novice blind user is able to input
Japanese character without training in our system.

This paper addresses a pen-based note-taking system as
the learning support system of blind person. First, we
describe the design of the system. Next, we present that
how to use of the system, and an improvement method of
the character recognition accuracy performance. Finally,
the proposed system is examined in the input time and
recognition accuracy for eight blind novice users.

0-7695-2882-1/07 $25.00 ©2007 IEEE
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2. Character recognition for blind user

2.1. Recognition algorithm

In general, Japanese user needs to use many characters
of various kinds. There are about 3,000 commonly used
characters such as Kanji (Chinese characters), Kana, and
Katakana. Therefore, Japanese character input support for
blind person has become an important theme. Recent
years, word processors using a keyboard are
commercially available for the blind users on the
information market. However, they have to learn to use
the IME (input method editor), which is the conversion
software of Kana to Kanji character, using a keyboard.
This software has to select the correct Kanji character
from various candidates of the same Kana-sound (these
are called the homonyms). Hence, the keyboard operation
is not suitable method for the novice blind user in Japan.
As one of the computer support method for the blind user,
we have proposed an on-line Japanese character input
system for blind person (particularly persons with
acquired blindness).

A structural analysis is very useful for the handwritten
deformed character. However, this method is not able to
use for the character written by blind person, because the
stroke positions are unstable (Fig.1). We have
investigated characteristics of Japanese Kanji characters
written by many blind persons. From analysis result, we
found the following some stable features [2].

(1) The same blind person can write almost the same

stroke shape, stroke number and stroke writing
order. '

(2) The relative position of the stroke representative

points in the partial pattern is stable.

Two kinds of character recognition algorithm; namely,
the RDS method and the LSDS method have been
proposed for this system as a previous recognition
algorithm for blind user. The RDS method is based on the
relative direction between two adjacent strokes in a
writing order. We represent each stroke of the Japanese
character by three typical points (a starting point, a middle

Overlap

Separate Overlap
eyl
i Bﬂ, A
(E] [#] [&] Litt]

Overlap Separate
- W verlap
A —r "0 g
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[&] (& %]

Figure 1 Examples of Japanese handwriting character
written by blind users.

point and an ending point). Furthermore a stroke is
divided into several line segments by the same segment
length. A feature parameter set is expressed as a set of
eight directional codes that correspond to each line
segment. This recognition method is called the LSDS
method (the method based on the line segment directions
in a stroke). The combination of the two methods is
desirable to recognize all type of Japanese character
written by the blind person, because these methods use
different type feature.

When our recognition system was applied to the
application of the electronic mail software for use of the
blind, many characters having a small number of strokes
(such as Hiragana and Katakana) were contained in the
mail texts. From previous experimental result, the
character recognition accuracy was significantly
decreased because the feature decreased [5]-{6].

2.2, Integration of the on-line and off-line character
recognition algorithms

We investigated the cause of the misrecognition in
detail. As a result, we have found to cause an unnecessary
extra stroke to join the stroke data. It was the main cause
that the blind did the touch mistake, because he was not
able to see the surface of the tablet and pen point. This
phenomenon was frequently generated according to the
person. However, we also found that a positional
deformation between strokes is a little for the characters
having a small number of strokes. Therefore we are able
to use the hybrid character recognition that is the
integration method of off-line and the previous our
developed on-line character recognition as shown in Fig.2.
Hybrid character recognition has high recognition
performance, even when the character pattern is input
with significantly different stroke order and stroke
number. Because off-line recognition uses a bitmap

" Pen-nput [ 37 ]

Fusion method

Figure 2 Integrated character recognition of two types: Off-line
and On-line recognition.
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pattern as the recognition object, it is not affected by
variations in the stroke writing order of the input pattern
[7]- This method is effective to the low strokes character
written by blind person. However, because the influence
of the character deformation grows when increasing the
number of strokes, we will change the weight of the score
of two recognition results according to the number of
strokes of the input character.

Hence, we develop the note-taking system for blind
user. In our new system, we reconstruct the recognition
method which is used the previous our developed on-line
recognition algorithm and . other commercial hybrid
character recognition algorithm [8]. The voting method is
used for the integration of the two recognition engines
with the weight, which is decided according to number of
stroke based on the preliminary evaluation experiment.

3. Design of the ‘Pen-Talker’ system
3.1. System configuration

We have developed on-line Japanese character input
system on the desktop PC for blind person. This desktop
model is composed of a personal computer with a control
board including an electronic tablet [4]. In this study, we
apply the pen-based note-taking system into UM-PC
(Ultra mobile PC) for ubiquitous computing support of
blind user. We used some command functions of the
desktop model. However the UM-PC has a few standard
command buttons only. Therefore we redesign the system
interface for the new note-taking system, which is called
‘Pen-Talker’ in this paper. The system has a built-in a
screen reader for assistance of the screen information and
system guide. '

Figure 3 presents a button arrangement on the Pen-
Talker (this example model is for right-handed person).
The system has a tablet function on the 800 x 480 touch
screen display (CPU:VIA C7-M 1.0GHz, RAM:
512MB,HDD:40GB). Therefore, the user can write a
character to the display directly by his finger or a stylus
pen. Furthermore, there is a step in a character entry box
to easy description for blind user. In general, right-handed
user holds the body by left hand and writes character by
right hand. The Pen-Talker has two mouse buttons, which
are [Left] / [Right] button, four direction-cursor key and

[Enter] key on the left side of the surface panel as shown
in Fig. 3 We use these buttons and keys as the control
button in the system.

The input character operation is very simple, and all
buttons can be easily checked by the tactile sense of blind
user’s finger. [Left] button has synchronized with the pen
down wusually. The [Enter] key is used for the
determination, such as decision of a candidate character,
selection of a sub-mode menu and decision of one-
character input. [Up] / [Down] cursor keys are used as
the selection of candidate characters. [Left] cursor key is
used as the erase function of one character. When [Right]
cursor key is pushed, the system reads out one phrase in
the text box.

3.2. Text input procedure

Character input method is as following procedure. At
first, the Pen-Talker automatically starts, when the user
pushes the power switch. The system shifts after a
moment to the character-writing mode. Next, user then
writes one character to the entry box on the screen display
using a stylus pen, and he pushes the [Right] button. Then,
the system begins to recognize a character by hybrid
character recognition method. After that, the system
outputs the first candidate character on the display and the
voice synthesizer announces the first candidate character
too. If a correct answer is announced, the user can make a
text input by repeating same procedure. If a wrong answer
is announced, the user selects other candidate phrases
using [Up)/[Down] cursor key with scroll operation.
When there is no correct character in the best twenty

candidates, the user pushes [Left] cursor key. The system

then back to the character-writing mode. These mode
statuses are frequently announced by using a voice
synthesizer when the system changes the mode condition.

4. Evaluation of recognition accuracy

We examined the character recognition accuracy and
character input time of the Pen-Talker system. The
experiment involved 8 blind subjects (6 males and 2
females) who wrote non-learning 112 Japanese characters
in six letter examples according to the voice guide of an
experimenter (Fig. 4). Subjects were an age from 38 to 57
years old (average age: 49 years old). 7 subjects didn’t
have a skill of touch-typing operation with well training
and there are little experience using the personal computer.
Table 1 shows the average number of input character per
one minute using the Pen-Talker. The total of the
character that was able to be input in one minute was 14.6
characters on the average. In other words, the average
input time of one character is about 4 seconds. Because
time of recognition per one character is about 20 [mS],
The time of the remainder is time of the handwriting and
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(1) BvppEveLETET
(2) BRECEBILOTRIBERSR LETET
(3) REZPLEZBIZLIDLIBREICFESVEY

Table 1. Comparison of the input time per character for
three type input methods.

[Unit: Number of character/min]

Figure 4 Examples of the letter text for the experiment.

the voice output. We confirmed that all blind subjects
were able to use the Japanese character input operation
using the Pen-Talker. The total average of the recognition
accuracy was 93.3% in the first candidate and within the
best three candidates was 98.4% (Table 2). Therefore, we
also confirmed that the improvement method was useful
more than our previous recognition algorithm,

5. Conclusion

We have developed a note-taking system, which is
named the ‘Pen-Talker’ for blind - users (particularly
persons with acquired blindness). A blind user is able to
input Japanese characters directly instead of a keyboard
without well training in the system. Pen-Talker can
recognize 3,126 characters including JIS Level 1
characters. This paper described system design concept of
the Pen-Talker. In addition, we have investigated the
Japanese character recognition performance for the
practicable Japanese input situation such as taking notes
and writing. When previous system was applied to an E-
mail system, many characters having a small number of
strokes were contained in the mail text. Therefore, the
recognition accuracy was decreased. For the improvement
of the recognition accuracy, we installed hybrid character
recognition algorism to the Pen-Talker system engine.
From the experimental result, we confirmed that novice
blind user could be used the Pen-Talker as a note-taking
system. Thus, it is very useful for mobile computing
system. The advantage of this system is it works to the
information terminal device as mobile computer for all
blind users.
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Abstract. We have developed a pen-based electronic note-taking system, which is named the ‘Pen-Talker’ on
the ultra mobile PCs for blind person. A blind novice user with acquired blindness is able to input Japanese
characters directly instead of a keyboard without well training by using the system. We propose the study
support system that adds the annotation function to the digital voice recorder by using the 'pen-Talker'. Firstly,
we explain why it is important that the visually impaired person input the character by the pen input in Japan.
Next, we describe system design concept of the ‘Pen-Talker’ system with the voice recorder function. We also
show a higher recognition engine based on the hybrid recognition, which is integration of on-line and off-line
recognition algorithm, and we restructure the input interface by the ultra mobile PC with a voice assistance
function. Our proposed system can be used as note pad software and the study support system for even blind
novice user.

1. Introduction

In general, we frequently take notes to a spoken event such as a lecture, training session or business meeting. Note
taking is very important for visually impaired students to help them to understand the content of the lecture.
However, we cannot write it down in the notebook if there is no visual feedback information. The blind person
has been interested in computer use as an assistance of communication. In general, users input a Japanese
character using a keyboard on desktop PC. However, since the blind user cannot see the key position, keyboard
operation is very cumbersome. Furthermore, there are about 3,000 commonly used characters such as Kanji
(Chinese characters), Kana, and Katakana. Therefore, computer support for blind person has become an important
theme. A word processing using a keyboard is commercially available for the blind users today. However, they
have to learn to use the software conversion of Kana to Kanji, using a keyboard. This software has to select the
correct Kanji character from various candidates of the same Kana-sound (these are called the homonyms). Hence,
the keyboard operation is not suitable method for the novice user in our country.

As one of the computer support method for blind user, we have proposed an on-line Japanese character input
system for persons with acquired blindness (Kiyota et al., 1996, Ezaki et al., 2000). Although blind user still have to
select the candidate characters, when the character is input using a stylus pen, the burden on the user is reduced by
the development of high accuracy character recognition algorithm. For realizing this system, the recognition
method has to recognize the handwriting character written without visual feedback. Therefore, we have proposed a
new recognition technique, and are improving the still more advanced recognition accuracy. Fortunately, almost
all persons with acquired blindness have memorized shapes of Japanese characters. Therefore, novice blind user is
able to input Japanese character without training in our system.

This paper addresses a pen-based note-taking system as the study support system of blind person. First, we
describe the design and basic concept of the system. Next, we present that how to use of the system, and an
improvement method of the character recognition accuracy performance.

2. Character recognition for blind user

Japanese PC’s user needs to use many characters of various kinds. There are about 3,000 commonly used
characters such as Kanji (Chinese characters), Kana and Katakana. Therefore, Japanese character input support for
blind person has become an important theme. Recent years, word processors using a keyboard are commercially
available for the blind users on the information market. However, they have to learn to use the IME (input method
editor), which is the conversion software of Kana to Kanji character, using a keyboard. This software has to select
the correct Kanji character from various candidates of the same Kana-sound (these are called the homonyms).
Hence, the keyboard operation is not suitable method for novice blind user in Japan.



A structural analysis is very useful for the handwritten deformed character. However, this method is not able
to use for the character written by blind person, because the stroke positions are unstable (Fig.1). Two kinds of
character recognition algorithm; namely, the RDS method and the LSDS method have been developed a previous
recognition algorithm for blind user (Ezaki et al., 2001, Kiyota et al., 2003). Furthermore, we use the hybrid character
recognition that is the integration method of off-line and the previous our developed on-line character recognition.
Hybrid character recognition has high recognition performance, even when the character pattern is input with
significantly different stroke order and stroke number. Because off-line recognition uses a bitmap pattern as the
recognition object, it is not affected by variations in the stroke writing order of the input pattern (Nakagawa et al.,
1996). Hence, we reconstruct the recognition method which is used the previous our developed on-line recognition
algorithm and other commercial hybrid character recognition algorithm (Tanaka et al., 1999) in our new system. The
voting method is used for the integration of the two recognition engines with the weight, which is decided
according to number of stroke based on the preliminary evaluation experiment.

We examined the character recognition accuracy and character input time of the Pen-Talker system. The
experiment involved 8 blind subjects (6 males and 2 females) who wrote non-learning 112 Japanese characters in
six letter examples according to the voice guide of an experimenter. Subjects were an age from 38 to 57 years old
(average age: 49 years old). 7 subjects didn’t have a skill of touch-typing operation with well training and there are
little experience using the personal computer. The total of the character that was able to be input in one minute was
15 characters on the average. In other words, the average input time of one character is about 4 seconds. Because
time of recognition per one character is about 20 {mS], the time of the remainder is time of the handwriting and the
voice output. We confirmed that all blind subjects were able to use the Japanese character input operation using
the Pen-Talker. The total average of the recognition accuracy was 93.3% in the first candidate and within the best
three candidates was 98.4%. Therefore, we also confirmed that the improvement method was useful more than our
previous recognition algorithm.

3. Design concept of the Pen-based Electronic Note-taking System
3.1 The Pen-Talker

In this study, we apply the pen-based note-taking system into _Separate Overlap
UM-PC (Ultra mobile PC) for ubiquitous computing support s

of blind user. We used some command functions of the AT L 7
desktop model. However the UM-PC has a few standard i~ ‘h/ ;? "s_
command buttons only. Therefore we redesign the system { ‘ ; L L
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system has a tablet function on the 800 x 480 touch screen
display (CPU: VIA C7-M 1.0GHz, RAM: 512MB, HDD:
40GB). Therefore, the user can write a character to the display
directly by his finger or a stylus pen. Furthermore, there is a
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candidate character, selection of a sub-mode menu and decision
of one-character input. [Up] / [Down] cursor keys are used as
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Figure 2: Command button arrangement of the 'Pen-
Talker’ (Ultra-Mobile PC) with Windows XP Tablet

37



38

power
Switch

List of
candidate
characters

(1)Power On (3) One-Character input using a
(to the character input mode stylus pen (Handwriting ) (5) Indicate of the first candidate character
automatically) (Output of candidate characters with voice

announcement )

/ (6) Selection of the candidate

/
4) Puss the Right Butt character . ]
(2) Character input mode E fzmislsxsof :nl:lghamctcr‘:lzscﬁption ) (Change the candidate character using

the up- down cursorkey )

Figure 3: Character input procedure in the Pen-Talker.

3.2 Text input procedure

Figure 3 shows the flow of the character input using the Pen-Talker. Character input method is as following
procedure. At first, the Pen-Talker automatically starts, when the user pushes the power switch. The system shifts
after a moment to the character-writing mode. Next, user then writes one character to the entry box on the screen
display using a stylus pen, and he pushes the [Right] button. Then, the system begins to recognize a character by
hybrid character recognition method. After that, the system outputs the first candidate character on the display and
the voice synthesizer announces the first candidate character too. If a correct answer is announced, the user can
make a text input by repeating same procedure. If a wrong answer is announced, the user selects other candidate
phrases using [Up)/ [Down] cursor key with scroll operation. When there is no correct character in the best twenty
candidates, the user pushes [Left] cursor key. The system then back to the character-writing mode. These mode
statuses are frequently announced by using a voice synthesizer when the system changes the mode condition.

4. Annotation method by the Pen-Talker

Most students of the visually impaired person are recording the teacher's lecture by the digital voice recorder. This
means is a general method of recording study content for the blind. It is difficult to retrieve the starting position of
the digital voice recorder when doing homework at home. Therefore, we propose the annotation function to make
the index by using the pen input system for a digital voice recorder. Figure 4 is an outline to add the annotation to
the voice recorder by using the Pen-Talker. When a digital voice recorder is the [Rec] - mode, blind user is able to
input the key word as the index using the stylus pen at the point that changes the topic of the lecture. The user
repeats the same operation while his lecture. In general, after the topic of the lecture changes, the key word for the
index is decided. However, the content of the next topic has already been recorded at the position in which the
index was input by the system. Afterwards, the system decides the starting position of the index and contents by
using the DP matching / manual operation at the digital voice recorder. The annotation is added to voice record
information by these easy operations in the [Play]-mode. The study efficiency improves very much by developing
this application for blind user.

5. Conclusion

We have developed the pen-based note-taking system, which is named the Pen-Talker for blind user. A blind user
is able to input Japanese characters directly instead of a keyboard without well training in the system. The ‘Pen-
Talker’ can recognize 3,126 characters including JIS Level 1 characters. This paper described system design
concept of the electronic note-taking system for the blind. In addition, we have investigated the Japanese character



