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

[Unit: Number of character /Mmin]

| Firstirial |Secondtriall Average
Total Average. 13.2 16.0 14.6
Max. 17.8 20.5 19.1
Min. 9.6 12.8 11.2

Text data: 112 Japanese characters (Letter example)

Subjects: 8 blind persons (6 male and 2 female)

Table 2. Results of character recognition accuracy.

[Unit%]
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CAecuracys -t Bl
First Trial 92.7 97.2 98.3
Second Trial 93.9 97.3 985
Ave. of Twice 93.3 973 984
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Development of a Learning Suppbrt System in Riryo Education for Elderly Persons
with Visual Impairment and its Popularize Strategy
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T Research Institute, ¥ Department of Riryo, National Rehabilitation Center for Persons with Disabilities
4-1 Namiki, Tokorozawa-shi, Saitama, 359-8555 Japan
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Abstract For elderly persons with visual impairment, they have difficulty for using Braille or PC, literacy of printed letters in
vocational riryo education. As a result of investigation to grasp which types of letters are used and how students learn in
department of riryo at NRCD, we have become aware of the diversity of used letters and learning suppori tools among the
~ students. Especially with 0.03-0.09 eyesight, felt pen magic is more frequently used at the self-study time, and learning support
tools (ex. lens, CCTV, a tape recorder and DAISY exclusive device) are utilized over 60%. It is also found that they compare
and examine about learning support tools (combination of writing, reading, hearing and sound recording tools). In this research,
the purpose is to develop of a note-taking (easily writing and reading note) devices and construction of learning support system
for students of NRCD who have difficulty for using Braille or PC. We will develop note-taking device with combination of
new input devices (cellular phone type input terminals, online handwrite recognition device, etc.) and ‘voice support, in
accordance to the change of their riceds and the state of disability, and evaluate in learning. We will pursue a cntenon of
learnmg strategy and popularization.- :

Keyword Persons with Visual Impairment, Vocational Education, Education of Riryo (School of Massage, Acupuncture and

Moxibustion ), Learning Strategy, Note-takmg
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Light Spot Operated Mouse Emulator
for Cervical Spinal-Cord Injured PC Users

Kazuyuki Itoh

Research Institute, National Rehabilitation Center for Persons with Disabilities, Japan
ito@rehab.go.jp
http://www.rehab.go.jp/ri/index.html

Abstract. The purpose of this study is to develop a mouse emulator system for
" cervical spinal-cord injured PC user. In this system, a laser illuminated point on
- a liquid crystal display is detected with image processing software developed
for this system and the mouse cursor moves the detected point. The evaluation
results indicate that the proposed method is comfortable for cervical spinal-cord
injured PC user to operate GUI windows system.

1 Introduction

Persons with physical disabilities such as cervical spinal-cord injured (SCI) require
assistive devices to use personal computers (PC), because their physical disabilities
hinder them from utilizing a normal keyboard and a mouse. Although a mouse or head
stick is the simplest assistive tool for them, the frequent use of these tools might cause
additional disabilities or disease in other parts of their bodies. In order to prevent such
side effects, we had developed a light spot operated keyboard (LSOK) for SCI PC-
users since 1989. When it was initially developed the operating system (OS) was

* MS-DOS, so the development concept was to cast it as a keyboard emulate device.

Thereafter, operating systems shifted to Windows, and the use of a mouse increased
dramatically in graphical user interface (GUI) situation. LSOK have been clinically
evaluated by SCI person, and have been found to be effective as a keyboard emulate
device [1]. However, moving the mouse cursor is performed by illuminating a laser
light onto a sensor corresponding to each shift direction (8 directions that include up
and down, left and right, and diagonally) so, depending on the direction, the direction
of the head and the line-of sight do not always match. In order to improve the mouse
interface in relation to the LSOK user, we developed a system (light-spot operated
mouse emulator) that detects laser illuminated points on a liquid crystal display (LCD)
using image processing software and moves the mouse cursor to those sites. :

2 Development Background

2.1 Existing Mouse Emulators -

Mouse pointing devices for SCI PC users have been reported and some products are
commercially available. These products use a switch operation for each direction and
a joystick type operation [2]. And other devices perform a mouse operation by linking

K. Miesenberger et al. (Eds.): ICCHP 2006, LNCS 4061, pp. 973980, 2006.
© Springer-Verlag Berlin Heidelberg 2006



974 K. Itoh

head movement with mouse cursor movement [3], thereby effectively utilizing the
residual function of the SCI person. When using these devices, gain (setting of
amount of mouse cursor move corresponding to head movement) and sensitivity are
set. Problems occur, however, if these settings are not appropriate. With gain, strict
calibration on commercially available products is not required, but the user must
move the head so that the mouse cursor reaches the target site, such as an icon and
menu bar. If the head can only be moved slightly, the mouse cursor may not.always
move to the periphery of the screen.

2.2 Adaptation to LSOK Users

We examined introducing the commercially available product Tracker-One [3]
[Track-IR [4] for LSOK users (SCI person) for the purpose of using a Windows PC
mouse, but the distance between the PC screen (19 inch) and user was about 90 cm,
so there were some cases in which the mouse cursor did not move to the periphery of
the screen using the gain adjustment the instrument was equipped with. A mouse
pointing function that utilized a laser pointer was also desired because users were
experienced with keyboard operations using a LSOK.

3 Detection of Pointing Sites on the Liquid Crystal Display Using
Image Processing ‘

If the user illuminates the laser pointer where he/she wishes to move the mouse cursor
and the mouse cursor moves there, that should suffice for user interfacing. The pre-
sent system is an application in which images uploaded with a USB camera are soft-
ware processed, the laser illuminated point on the LCD is detected, and the mouse
cursor follows the detected point. The procedure is as follows:

3.1. Use of Polarizing Filter

A polarizing filter is incorporated into the LCD on a PC. When an image is taken
through a filter that has been rotated 90 deg, the LCD only appears black (Fig 1: Left,
rotated 0 deg — Right, rotated 90 deg), and the LCD frame is easily detected.

Fig. 1. CRT image with rotated 0 deg and 90 deg PL-filter
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3.2 Use of USB Camera

The LCD is imaged using a USB camera that utilizes the above mentioned polarizing
filter, and the uploaded image is processed using software. The system is simplified
by not using hardware such as an image processing board. Because laser light is re-
flected onto the screen periphery, two USB cameras are set up whereby an image
from each one is synthesized to produce one image (640 x 480 pixels).

3.3 Software Image Processing

The uploaded image is converted to the binary data using the threshold setting and
the LC frame is detected. The LC frame inside the synthesized image is not at this
time a perfect square, so it is made into a square by calculating the left upper and
right lower coordinates using the procedure below. Fig. 2 shows schematically. the
left upper part of the binary screen data. Each cell shows one pixel. '1' is actually
"0xFFh".

Cy[m+1]- Cy[m]

I m |Cylm] i J
_____ i m_ C T 1T [ 11
1 0 8 TR RNEREEERE
0 HEE 8 RN EEE
3 1 5 1t 1]ofajo]2]11o
2 1 3 1 3 11 J1fojojo]otlo
1 4 1 1 | 1Jofolofofotlo
0 5 1 2 1l 1folojo]Jo]o] o
I I -
ST T O S NI ) R N R A
_____ doon o god 1l2ls] 4l 51 6] 7,
e XL 1 71 T H413] 20 31 3] 2]
Cx[n+1]-Cx[n] | 3|1 1 1] o] 1

Fig. 2. Calculation of frame upper left coordinates

Cx[n] is the total value of the pixels in which the pixels in each row (Y=0~480)
are 1" up to x=0~~640. Similarly, Cy[m] is the total value of the pixels in which the
pixels in each column (x=0~640) are '1' for Y=0~480. Next, the biggest differences
between Cx[n] and Cx[n+1], and Cy[m] and Cy[m+1] were calculated, and the points
where 10 pixels were added (or subtracted) to each were defined as the frame upper
left coordinates. In the example in the figure above, the intersection point is where
n=2 on the left edge and m=2 on the upper edge, and the coordinates are x=12 and
Y=12. The situation is the same for the right lower coordinates.

Next, large bright pixels ('1") on the LC frame are illuminated point and the bary-
centric position of these pixels is considered the illuminated point of the laser pointer.
The threshold was adjusted depending on the usage situation.
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3.4 Mouse Cursor Moving

Fig. 3 is a schematic drawing of when the application is operated. The thick line is the
PC screen. The application (long broken line) shows a screen in which the liquid
crystal (LC) has been imaged. The mutual position of the LC frame (dotted line) de-
tected within the screen and the illuminated detected point within the frame (o within
- the dotted line) is calculated, and then this is reflected onto the mouse cursor position
(arrow) on the LCD to move it. In Fig. 3 a laser illuminated point has been detected at
the top right of the LC frame, whereby the mouse cursor on the PC screen moves to
the upper right position.

PC screen
k_— Mouse cursor
w F
. ”K
P S Imaged
geennrerisnnanansnne ;.:, maged screen
| i O\_-\{i\ (application)

. i [~ aser illuminated s poin
| ¢ : l Laser ill d s point
PR ;ﬁ\

k’:' ————— J"\\i\ LC frame

Fig. 3. Positional relationship between the calculated LC frame and laser illuminated point and
mouse cursor position

Image processing occurs at about 10 FPS (frame/sec), and the coordinates for the
laser illuminated point accumulate in the buffer at any time. For movement of the
mouse cursor, the laser pointer movement amount m (dots/frame) for each frame is
calculated, and that movement amount is performed after a continuous time (trajec-
tory delay: T sec) has passed while the movement amount is no higher than the speci-
fied value M. By this process, if the laser pointer is moved quickly (M dots/frame or
higher), then the mouse cursor will follow it after T sec after it has stopped, but if it is
moved slowly, the mouse cursor will follow it if the speed is no more than-M
dots/frame). LSOK user perform mouse operations such as left and right clicking and
dragging by illuminating the laser light on a special sensor set up at the periphery of
the LCD, so to perform click operations by the above movement processing the
mouse cursor does not follow movement even when the head is moved. It is possible
to change the setting values for M (dots/frame) and T (sec) to meet the circumstafices
of the user. .

3.5 Outline of System Set Up

The system is arranged as per Fig. 4. The sensors set up around the LCD are sensors
for moving the mouse cursor used by the LSOK user. They are used to evaluate usage
such as that dlscussed below.
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Sensors for moving
the mouse cursor

Image processing
application

Adjustment

sub-window USB cameras

Fig. 4. System arrangement

4 Usage Evaluation

- Usage was evaluated by comparing pointing operations that use the present system

and pointing operations that use an optical sensor for movement. The parameters
evaluated were the time it took for the mouse cursor to move to a target circle (T1
sec) and the time it took for clicking to be completed after the mouse cursor con-
nected at first with the target (T2 sec). .

As shown in Fig. 5, target circles appear in random order, one positioned in the
center, and 30 positioned around it (in 8 directions, with three circles emanating out in
each direction, and 6 circles around the periphery), so the subjects performed the
operation by moving the cursor onto the target - which appeared in order from the
center ~> periphery 1 — center — periphery 2 and so on - and selecting the target by
hitting the laser on the optical sensor for left clicking. On the screen the selected tar-
get disappeared and only the target that should be next selected appeared. The move-
ment time T1 was calculated as the time taken for the mouse cursor to reach the target
after left clicking.
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Fig. 5. Position of target circles
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Subjects were one SCI person (SCI-A: 3 times by optical sensor), and three able
body people(Able body -B: 1 person who used the LSOM system 1 time and the opti-
cal sensor 3 times; Able bodies -C & -D: 2 people who used the optical sensor 3
times). The SCI subject had used LSOK continuously for 13 years and was experi-

enced at moving the mouse cursor using an optical sensor for mouse movement. The.

able bodied subjects had never before performed either type of operation.

Screen resolution was 1024 x 768 dots and the target circle size was 26 dots in di-
ameter, which were the same values as one side of the 'Close/Minimize/Maximize'
button in a standard display. The movement speed of the mouse cursor was set at 80
dots/sec. Sampling of mouse cursor positioning was performed every 50 ms. The
values in the light-spot operated mouse system were set at 10 dots/frame for M and
04 secforT. ~ »

5 Evaluation Results and Discussion

The performance of users was evaluated based on throughput (Amount of work proc-
essed in a specified time) values as defined below [5].

Log, (D/W+1)

Throughput = . - (D
T1

D is the distance from the departure point to the target center, W is the target diame-
ter, and T1 is the movement time. Units are bits/sec.

Table 1 shows the throughput values. The value in the table is the mean throughput
value for the 30 target site selections. Calculations were made for each measurement
until the target was reached (approach route) and from the target back to the center
(return route),

When a movement was performed using the LSOM, the mouse cursor moved for a
length of time that combined the time taken to lean the head towards the target and
the tracking delay time, so a higher throughput value was obtained compared to when
the optical sensor was used. Because on the return route the target position is always
in the center and it does not need to be verified compared to the approach route, the
throughput value for the return route is high. This is the same as when the optical
sensor was used. '

Table 1. Results of throughput (mean + SD, bit/sec)

Evaluate Times
1 2 3
"SCI-A 1.80£0.27 1.780.27 1.82+0.22 1.7120.29 1.82£0.24 1.870.24
LSOM(B) 2.68+0.71 2.88£0.42 2.6120.73 2.90+0.41 2.64£0.69 2.89£0.39
ABB 1.10+1.42 1.09£0.38 | 1.16:0.44 1.16£0.35 1.2120.37 1.10£0.33
AB-C 1.28+0.40 1.18+0.38 1.32+0.45 1.240.48 1.28£0.40 1.5740.44
ABD 1.04+0.39 0.880.29 1.99£0.41 1.09£0.30 1.20:0.31 | 1.14:0.41
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The value was higher for the person with SCI than for the able body subjects be-
cause the former was experienced in movement operations using the optical sensor,
and because he was good at fine control when the cursor approached the target. The .
same subject also rarely overshot the target.

Table 2 shows the mean time (T2) from when the cursor contacted the target to
when the click was completed. When using the LSOM, the operation time was 30-
60% shorter than the operation time for the optical sensor. As with throughput, the
mean value of T2 was less for the subject with the SCI subject. However, this value
also included recovery time when the target was overshot and the cursor traveled to
the opposite side, so the result reflected the high level of operational experience of the
SCI subject.

Table 2. Results of T2 (mean = SD, sec)

Evaluate Times
1 2 , 3
SCI-A 1.2+0.6 1.3+0.8 1.0+0.5 1.0+£0.5 1.0+0.6 0.9+0.3
LSOM(B) 0.9+0.4 1.1+0.4 1.240.3 | . 0.9+0.3 0.9+0.6 1.0+£0.3
AB-B 3.1+1.7 2.0+1.2 2.7+1.56 1.9+0.9 2.7+1.4 1.9+0.9
AB-C 1.84+0.9 1.1+0.8 1.5+0.9 1.7+0.8 1.4+1.1 1.0+0.7
AB-D 2.2+1.7 1.5+1.8 1.9¢1.1 1.6+0.9 1.4+0.8 1.5+1.3

As a reference, Table 3 shows the total number of times the target was overshot in
the movement experiment using the optical sensor. Compared to the record of a
maximum of 36 times-on the initial effort by the able-bodied subject B, the SCI sub-
ject-A only overshot the target 1 to 3 times, which indicates the level of experience of
that person.

Table 3. Results of overshooting the target (times)

Evaluate Times
1 2 3
SCI-A 3 2 3 3 1 e
AB-B 36 20 28 14 28 5
. AB-C 13 11 11 |. 8 14 10
AB-D 13 11 16 15 8 14

As can be seen in Table 2 and Table 3, it could be expected that even when a per-
son was inexperienced at operating the optical sensor, they could, with practice,
acquire similar ability to the SCI subject who participated in the measurements. How-
ever, as shown in Table 1 and Table 2, big improvements in the throughput value and
T2 (the time from mouse arrival at the target to clicking) were seen when moving the
mouse cursor using the LSOM compared with the optical sensor. And, based on the
evaluation experiment, operability was better when the LSOM was used.



