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Development of a Sled-type Electric Walker

Kazuto Miyawaki

(5 64 1 H 90 =)

The elderly population in Japan is increasing year by year, and the number of patients with

frailty syndrome is increasing. Walking is one of the measures to prevent frailty syndrome. However,

in snowy areas such as the Tohoku region and Hokkaido, it is difficult for the elderly to walk using

a walker in winter.

In this research, we developed a "sled-type electric walker" which can prevent flail mainly in

snowy areas and evaluate it by using a force sensor and an optical three-dimensional motion

analysis device. The walker is equipped with a sled and a crawler robot and plays a role that suits

each person's body by electronic control. We compare “normal walking”, “walking using a walker”

that is widely used today and “walking using a sled-type electric walker”. By doing so, we will

confirm the usefulness of the sled-type electric walker developed this time. The evaluation items

are the position of the center of mass, the floor reaction force, and the joint moment when subjects

walk.

Key words: Sled-type walker, Crawler robot, Center of mass,

1. Introduction

At present, the elderly population of Japan is 36,200,000,
which accounts for more than a super-aging society, which
would be 28.8% of the total population [l. With aging,
functions such as standing, walking, and sitting deteriorate
because of deterioration of locomotory organs such as bones,
joints, and muscles. The number of elderly people considered
as frail is increasing. Moderate walking is one measure to
prevent frailty 2. In snowy regions such as Hokkaido and
Tohoku district, however, it is difficult to support walking
with wheel type walkers, which are used widely at present
because of snowfall in winter.

To resolve this difficulty, we have developed a sled-type
electric walker that can assist walking even in snow-covered
conditions. The sled is attached to the part of the device
contacting the snow surface. A crawler robot is mounted on
the walker to provide assistance that is suitable for each
person's walking by electronic control, so that falling on the

snow can be prevented.

Floor reaction force, Joint moment

2. Frail B4

Although the definition of frailty has not been standardized,
it is generally defined as "a syndrome associated with aging
(geriatric syndrome), a condition in which physical
dysfunction and health disorder are caused easily by various
stresses based on physiological functional depression in
multiple organs, lowering of homeostasis (homeostasis),
physical activity, and lack of energy reserve to maintain
health condition". In other words, frailty is defined as a
condition with increased vulnerability to health disorder and
near-imminent transition to long-term care. It is defined as
an intermediate condition between a healthy condition and a

condition requiring nursing care.
3. Experiment Equipment

3.1 Sled-type Electric Walker

Figure 1 shows the Sled-type electric walker. To cope with
use on the snow, a sled was installed where the device touches
the snow surface. Because sliding down and falling on the

snow surface are dangerous when merely installing a sled, an



installed crawler robot is operated using electronic controls to
provide assistance that is suitable for pedestrians and which
prevents falling. The walker is 630 mm wide, 930 mm high,
and 630 mm deep. The crawler robot is 280 mm wide, 100 mm
high, and 300 mm deep. (Figure 2) The crawler robot uses a
DC motor as an actuator (Figure 3). An infrared distance
sensor attached to the walker handle measures the distance
to the pedestrian and adjusts the crawler robot output via an
Arduino-compatible board. The distance sensor measures the
distance to the right and left ends of the waist. When the
pedestrian changes the direction of travel, the crawler robot

moves in the same direction (Figure 4).

Figure 1: Sled-type electric walker.
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Figure 2: Main Dimensions of Sled-type Electric Walker

(mm).
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Arduino board

DC motor

Distance sensor

Figure 3: Crawler Robot.

Figure 4: Walking.

3.2 Wheel Type Walker

The wheel-type walker, which is used widely at present, is
used as an object for comparison for the sled-type electric
walker. The walker is 630 mm wide, 930 mm high, and 630

mm deep, similar in size to the sled-type electric walker.

3.3 Three Dimensional Motion Analysis Device

The 3-D motion analysis system measures motion using
reflection markers, an infrared camera, and measurement
software. Markers are attached to the main joints of the
human body. The camera tracks the markers. The camera

measures the markers. The software measures the data.

3.3.1 Reflection Marker

Reflection markers are attached to the respective
measuring points using double-sided tape. The reflection
marker surfaces are covered with minute beads. Light
emitted from the camera is returned to the camera by

reflection and refraction to recognize the marker.



3.3.2 Infrared Camera
Eight infrared cameras (Bonita 10; Vicon Motion Systems
Ltd.) with measurement error of 0.1 mm and sampling

frequency of 100 Hz are used to recognize the markers.

3.3.3 Measurement Software

The measurement software (VICON NEXUS2.1.1; Vicon
Motion Systems Ltd.) which was used can measure and
analyze various human motions as three-dimensional

coordinate data.

3.4 Force Plate

To measure the floor reaction force, a force plate (9286;
Nippon KESTLER Co.) was used. The plate was 400 mm long,
600 mm wide, and 35 mm thick, with excellent

transportability.

4. EXPERIMENTAL METHOD

4.1 Subjects

Subjects were three healthy male volunteers, for whom the
physical information is presented in Table 1. The subjects tested
by attaching reflective markers with double-sided tape to 35
points (19 upper, 16 lower) were asked to walk on a floor
reaction force meter installed on the walkway to measure the
floor reaction force. The experiment was certified by the Human
Ethics Review Committee of the National Institute of
Technology, Akita College. The subjects were given sufficient
explanation and consent was obtained in advance.

Table 1: Subject Physical Data

A B C

Age 20 20 20
Height 175 172 178
Weight 60 60 73

4.2 Measurement of Each Walking Movement
Subjects performed walking of three types: 1. normal
walking; 2. walking with a wheel type walker; and 3. walking
with a sled-type electric walker. The measurement values are
shown on the X-axis for the left / right direction, on the Y-axis
for the front / back direction, and on the Z-axis for the up / down
direction. Positive values were taken respectively in the right

direction, forward direction, and upward direction. ( Figure 5)
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Figure 5: Setting of Each Axis Direction.

The walking experiments were conducted indoors in a
laboratory. To verify the validity of the indoor experiment, static
and dynamic frictional forces were measured on powder snow
(5 cm of snow) , hard packed and carpet tiles using a manual
sled walker(Figure 6). As a result, walking experiments were
conducted indoors because there was no significant difference

between indoor and outdoor conditions.

[kef]
5.0 F H.P : Hard Packed
P : Powder (5cm)
4.0 T.C : Tile Carpet
30
20 F 4.0
30 (28
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Static Friction Force Dynamic Friction Force

Figure 6: Comparison of frictional force .

5. EXPERIMENT RESULTS

5.1 Floor Reaction Force
5.1.1 Floor Reaction Force in the Y-axis Direction

Figure 7 shows the floor reaction force in the Y-axis direction
for normal walking, walking with a wheel-type walker, and
walking with a sled-type electric walker. The vertical axis shows
the floor reaction force. The horizontal axis is normalized by the
walking cycle of the left foot. The rate from 0 to 100 until the

left foot touches the floor and separates from the floor is shown.



The maximum floor reaction force was about 85 N for normal
walking, about 60 N for walking with a wheel type walker, and
about 60 N for walking with a sled type electric walker. The
floor reaction force from walking with each walker was lower

than that of normal walking.
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Figure7: Floor Reaction Force in the Y-axis Direction.

5.1.2 Floor Reaction Force in the Z-axis Direction

Figure 8 shows the floor reaction force in the Z-axis direction
for normal walking, walking using a wheel type walker, and
walking using a sled-type electric walker. The vertical axis
shows the floor reaction force. The horizontal axis shows the
rate normalized by the walking cycle of the left foot. The period
is that until the left foot comes into contact with the floor and
separates from the floor from 0 to 100.
The minimum floor reaction force was about -630 N for normal
walking, about -540 N for walking with a wheel type walker,
and about -570 N for walking with a sled type electric walker.
The floor reaction force of walking with each walker was less

than that of normal walking.
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Figure8: Floor Reaction Force in the Z-axis Direction.
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5.2 Joint Moment
5.2.1 Knee Joint Moment

Figure 9 shows the knee joint moment in the X-axis direction.
The vertical axis is the moment per unit mass. The horizontal
axis is normalized by the walking cycle of the left foot. The
moment until the left foot comes into contact with the floor and
leaves the floor is expressed as a ratio from 0 to 100.

The maximum knee joint moment was about 1700 N » mm/kg
for normal walking, about 1300 N « mm/kg for walking with a
wheel type walker, and about 1400 N « mm/kg for walking with
a sled-type electric walker. The knee joint moment of walking

with each walker was less than that of normal walking.
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Figure 9: Knee Joint Moment in X-Axis Direction.
5.2.2 Hip Joint Moment

Figure 10 shows the hip joint moment in the X-axis direction.
The vertical axis is the moment per unit mass. The horizontal
axis is normalized by the walking cycle of the left foot. It is
expressed as the ratio from 0 to 100 until the left foot comes into
contact with the floor and leaves the floor.

The minimum hip joint moment was approximately -3260 N ¢
mm/kg for normal walking, approximately -2540 N « mm/kg for
walking using a wheel type walker, and about -2670 N « mm/kg
for walking with a sled-type electric walker. The hip joint
moment of walking with each walker was less than that of usual

walking.
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Figure 10: Hip Joint Moment in X-Axis Direction.

5.3 Variation of the Center of Mass

Figure 11 portrays fluctuation of the center of gravity in the Z-
axis direction. The vertical axis is the center of gravity position.
The horizontal axis is normalized by the walking cycle of the
left foot. The ratio of the time until the left foot comes into
contact with the floor and leaves is 0 to 100.
The change of the center of gravity was 27 mm for normal
walking, 11 mm for walking with wheel walker, and 23 mm for
walking with the sled electric walker. The position of the center
of gravity was lower. The change of the center of gravity was
suppressed more when walking with the wheel walker than with
normal walking. Nevertheless, neither the center of gravity
position nor the change of the center of gravity was greater when

walking with the sled electric walker than with normal walking.
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Figure 11: Height of the Center of Mass.
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6. DISCUSSION

6.1 Floor Reaction Force
6.1.1 Floor Reaction Force in the Y-axis Direction

The floor reaction force was less when walking with each
walker than with usual walking, probably because the walking
speed is slower when walking with a walker than with usual
walking. It is considered that, when a sled-type electric walker
is used on a downhill snow surface, the walking speed can be
suppressed and walking can be assisted by preventing the

crawler robot from sliding down.

6.1.2 Floor Reaction Force in the Z-axis Direction

The floor reaction force was less when walking with each
walker than with usual walking, probably because the weight
can be distributed between the foot and the walker by putting
one’s weight from the upper body on the walker. Results showed
that the sled-type electric walker was able to disperse the body
weight as a walker as well as other walkers. In fact, the results
obtained from walking with the wheel walker and walking with

sled-type electric walker are similar.

6.2 Joint Moment
The joint moment decreased in both knee and hip joints. It was
possible to reduce the load on each joint by depositing some of

the body weight in the walker.

6.3 Variation of the Center of Mass

Fluctuation of the center of gravity was suppressed by walking
using the wheel type walker. No large change was observed in
walking using the sled type electric walker compared to usual
walking, probably because the driving speed of the crawler
robot of the sled type electric walker was unsuitably matched to
the walking speed. Therefore, a burden was generated for the
pedestrian. For practical applications, it is also necessary to
adjust the control systems such as the crawler robot driving

speed.



7. CONCLUSION

Results indicate that walking using each walker lowered the
floor reaction force and the moment of the leg compared with
usual walking, and indicate that the sled-type electric walker can
reduce burdens to the legs and can be useful as a walker.

Nevertheless, difficulties

applications such as control of the center of gravity position and

some remain for practical
the center of gravity fluctuation, adjustment of the control
system, and verification of operations on snow. These and other

issues shall be addressed in future studies.
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Literature of Einosuke Ito appeared in Letters of Haru Wazaki

Seigo Ishizuka

(47F1 64F 21 13H 327

This paper focuses on the works of Einosuke Ito, who appears in the letters and other works of Haru Wazaki, a native of

Akita Prefecture who became the first female representative after the war.
Einosuke Ito (1903.11.21-1959.7.26) is a writer from Akita City. His activities from the end of the Taisho era to the

middle of the Showa era give us one perspective that marks Showa literature. This paper is an attempt to examine the

influence of Haru Wazaki on Einosuke's literary creation.
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Records of 2023 and and Future Prospects of International
Exchange Program at Akita College of Technology
-— A consideration of practical examples, potential problems,
and future directions for International Exchange-—

Mitsugu Kobayashi

(Ffe6H 1 H 9 H=H)

This paper aims to suggest the future directions for International Exchange of NIT, Akita College. The key part
of the goal is the Global Engineer Program of NIT-Akita, which is our plan to send selected 16 students in the 5th
year abroad for a 5-month internship in their final semester annually at NIT-Akita. After all, we sent 3 of our students
to each partner institution in 2023 fall and they returned to Japan in 2023 winter.

In order to achieve the objectives of the Global Engineer Program of NIT-Akita, that is, overseas technical
training, it is necessary for us to strengthen the following three points:
1)To increase the number of international exchange students accepted, specifically, to increase the number of
international exchange partner universities based on MOU and students who desire overseas technical training.

2) To expand resources, that is to say, strengthen the International Exchange Committee, establish the International
Exchange Center, and improve the dormitory accommodation facilities for student acceptance.

3) To enhance the fields of international exchange research, in other words, strengthen the acceptance of dispatches by
promoting green energy research including offshore wind power generation.

Aiming for these goals, we hope to continue international exchange activities in 2024.

Keywords: the Global Engineer Program of NIT-Akita, Overseas training, MOU
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First Semester

April 4, 2023 Dormitory opened

April 6, 2023 Class starts

August 10, 2023 Class ends

August 11, 2023 Dormitory closed
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afternoon of April 4, 2023 to the morning of August 11,
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Physics on Flip Books

Layered Structure of Physical Quantities in Elementary Mechanics

Kazuhiko Uebayashi

(41 6 4F 2 H 29 H3ZH)

In the lower grades of technical colleges/KOSEN-s, students learn fundamental physical quantities: position, velocity,
and acceleration in elementary mechanics. Even though these quantities are imparted, their differences sometimes confuse
the students conceptually, as if the three physical quantities could be added or subtracted directly without any physical
or mathematical procedure.

In this bulletin, we propose a teaching method using flip books to clarify the three fundamental physical quantities.
Additionally, Ukiyo-e woodblock prints will help students acquire a multilayered concept of the fundamental physical

quantities.
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Effects of the International Exchange Event on English Learning

Yuko UCHIMA
T 64F 2H 20H 3z2H)

This study aims to find out some effects of an international exchange event on students” English learning
by analyzing the data of surveys of the 1st year students at National Institute of Technology, Akita College.
Comparing the results of two questionnaires of pre- and post- surveys of the intercultural event, the study
shows that the cultural exchange was an incentive for the majority of students to increase their interests in
learning other countries and cultures as well as learning English. Most significantly, the results indicate
that students became aware of the importance of studying English for their future, and they put more
emphasis on speaking skill to improve for communication through the event.
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