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Abstract

It is an important issue to develop an easy and high-performance electric wheelchair for the growing popula-
tion of elderly people. If there is insufficient space in the indoor environment, it is difficult for a normal electric
wheelchair to change direction and maneuver. It is important that the wheelchair can be moved in all direc-
tions with easy operation. In this research, a new type of all-directional electric wheelchair has been designed.
This electric wheelchair consists of three motors to drive and to change the orientation of the wheels. With this
wheelchair, it becomes possible to operate wheelchairs more easily without the use of special wheels. The drive
units are encased inside of the body, therefore, there is the advantage of a lower risk of the wheel rolling over the

user's feet.
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1. INTRODUCTION

Among the growing population of elderly people, it is
a key issue to develop a simple and high performance
electric wheelchair [Masuzawa et al., 2005]. Incon-
venient factors of previously used electric wheelchairs
include the lack of all-directional performance and
the complicated joystick lever for control. The usual
electric wheelchair, as shown in Figure 1, must be
operated through a series of repeated complicated
movements, and also it is necessary to have enough
space for such maneuvering. Regarding the guidelines
of the Ministry of Land, Infrastructure, Transport and
Tourism Japan [2003], the necessary space for a com-
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Fig. 1 Maneuvering method of normal electric wheel-
chair
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mercially available electric wheelchair to turn 360
degrees, without complicated maneuvering, is a circle
of 180 cm in diameter. Compared to a manual wheel-
chair, which requires a space of 150 cm in diameter,
a larger space is necessary for the electric wheelchair.
The normal electric wheelchair must be operated in
a way that the front direction of movement is the de-
sired direction. If there is an electric wheelchair which
can move in all directions, even without changing the
original orientation, the action of complicated chang-
ing direction can be omitted, therefore, it is possible
to achieve efficiency of movement. Especially in an
indoor environment where there is not enough space,
it is an important factor to be able to move in all direc-
tions with simple control.

Recently, the development of various welfare equip-
ment to support elderly people and physically im-
paired people is attracting attention. Also, much
research is being performed about usability because
wheelchair users require the wheelchair for daily life.
[Fujii and Wada, 2001; Kato et al., 2012; Sakamoto et
al., 1990] One of the main areas of research is about
maneuvering. In the situation of being in the house,
where space is limited, electric wheelchair users hope
to move without too much maneuvering. Therefore,
in previous research of an all-directional electric
wheelchair, lida et al. [2009] developed a ball-type of
wheel, but it was unstable for going straight and turn-
ing. Ichikawa [2005] used an omni-wheel. However,
the demerit is that the wheel which is not related to
the drive course is only idling and drive loss occurs.
Kamata et al. [2001] has shown a drive unit con-
structed of a drive wheel and a dual-wheel caster drive
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system connected with a motion unit and rotary joint
made by casters on the right and left. The device is not
yet in practical use.

Concerning these matters, there is some advanced
research but they are still not useful. The purpose of
this research is to develop an all-directional electric
wheelchair without changing the original orientation
to the objective course.

2. MECHANISM

The mechanism is shown in Figure 2. This experimen-
tal wheelchair consists of two drive motors connected
to the wheels directly and the rotation units to keep the
posture direction are installed inside of the body. The
rotating unit can move the wheelchair in directions
shown by the arrows. This rotation makes it possible
to keep or change the posture direction independently
to the wheelchair movement direction. Figure 3 shows
the installed drive unit, seat and rotating units.

2.1 Suspension
The unique suspension units, which are connected to
the drive unit and the seat, play a role in maintaining

Fig. 2 Configuration of the drive wheels of the elec-
tric wheelchair
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Fig. 3 Two drive wheels and the servo-motor for azi-
muthal motion

Fig. 4 A photograph of the suspension

the stability of driving because, even if the road sur-
face is irregular, the drive unit tires are in contact with
the ground. Four suspension units make it possible to
adjust the stroke of the spring. This is shown in the
photograph of Figure 4.

2.2 Drive unit

The drive unit plays two roles. One is to drive the
electric wheelchair and the other is to keep or to
change the posture direction. The drive unit consists
of two moving tires and two fixed tires on a mount
which makes it possible to drive forward or backward,
or turn to the right and left independently. The power
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of the two DC motors used for driving is 100 W each
by a 24 V PWM controller.

When changing the movement direction of the elec-
tric wheelchair centered on the posture direction, it is
necessary for the drive unit to turn with two wheels.
Regarding this point, it is possible to be accomplished
by controlling with a servo-motor. Figure 5 shows the
changes of the drive unit centered on the seat.

Fig. 5 Changes to the drive unit centered on seat

2.3 Control system

The control system consists of a “two drive unit sys-
tem” and a “speed control system”. The forward and
back control is made by the two motors directly con-
nected with two wheels. While the other drive unit
is used to keep or change the posture orientation by
moving the motion of the wheelchair seat azimuthally.
The driver can change the forward and back motion
of the wheelchair and the orientation independently to
make the best maneuver to reach the optimized mo-
tion, Figure 6 shows a block diagram of the control
system.

PWM control board for drive unit
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Fig. 6 Control block diagram

The rotating drive unit is controlled by the servo-mo-
tor which is installed in the drive unit. A set of servo-
motors are used. The speed control system controls the
drive speed. The speed of the wheelchair is controlled
by DC voltage induced by pushing the joystick. The
orientation of the wheelchair is determined by a signal
of rotating command from a rotating small knob. The
knob controlled by a driver keeps or changes the seat
orientation.

3. RESULTS AND CONCLUSION

Normal electric wheelchairs cannot move perpendicu-
lar to the moving direction without changing the front
direction to the desired direction, because the wheels
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Fig. 7 Possible directions of movement

are connected to the two fixed motors. In other words,
the posture direction and the movement direction are
the same. However, depending on the environment,
if the space is narrow, sideway motion is difficult
and the maneuvering operation is complicated. If the
change of sideway motion is easy, even regardless of
the posture direction, especially using the wheelchair
indoors, it would be quite effective in achieving free-
dom of movement. This method is simple and easy to
be installed into the conventional electric wheelchair.
This prototype electric wheelchair has shown that the
system works well to enable both posture direction
and movement direction independently, therefore, this
wheelchair would provide a quite useful function to
move the wheelchair in forward-back direction to the
direction of the electric wheelchair. It consists of a
drive unit, a seat and suspension units.

This electric wheelchair has the following advantages.

(1) Simple control because it just uses a motor unit
with two drive motors and one servo-motor for
changing direction.

(2) Itis not necessary to use an omni-wheel or special
wheels for right-left direction movement.

(3) All of the driving unit is installed inside the body,
therefore, it is safe and there is lower risk of roll-
ing over feet.

Regarding future research, it is complicated for the
user to operate this electric wheelchair because it is
necessary for each of the drive units to be operated
separately. Therefore, to be used by elderly people, it
is necessary for each of the drive units to work togeth-
er. Also, for elderly people, it is necessary to make the
structure of control simpler. There are still issues, but
the development of an electric wheelchair which is
able to move in all directions was accomplished with-
out regulating the direction of the user’s posture.

1618

ACKNOWLEDGMENTS

A part of this study was supported by The Mitsubishi
Foundation. The authors wish to thank Mr. Yoshiharu
Nakajima, Mr. Masayoshi Hayashino for their helpful
cooperation.

REFERENCES

Fujiil, F., and K. Wada, Control system design for the
electric powered wheelchairs with the considera-
tion of the users’ manipulability: Robust controller
design with pre-specified performance against in-
terval matrix uncertainties, Journal of the Robotics
Society of Japan, Vol. 19, No. 6, 760-765, 2001.

Ichikawa, T., and Y. Yamada, Design and control of
all directional unmanned robot, Journal of Japan
Robot Society, Vol. 14, 562-568, 2002.

lida, K., T. Mori, and T. Yasuno, Fuzzy control for
omni-directional vehicle with ball wheels, IEEJ
Transactions on Electronics, Information and Sys-
tems, Vol. 129, No. 11, 2019-2026, 2009.

Kamata, M., Y. Ishii, T. Someya, M. Mizuno, N. Shi-
mada, S. Mori, Development of powered wheel-
chair with omnidirectional drive system, Proceed-
ings of Welfare Engineering Symposium, CD-Rom,
2001.

Kato, T., M. Miyamoto, H. Yamato, T. Furuta, K. Tomi-
yama, Riding comfort evaluation of an autonomous
robotic vehicle based on KANSEI words, Transac-
tions of Japan Society of Kansei Engineering, Vol.
11, No. 2, 321-329, 2012.

Masuzawa, T., M. Doi, S. Minami, M. Nakaseko,
K. Morimoto, H. Ikeda, and H. Ikeda, The design
concept of newly developed “Mobile Chair” and
its performance, Journal of Asian Electric Vehicles,
Vol. 3, No. 2, 777-779, 2005.

Ministry of Land, Infrastructure, Transport and Tour-
ism of Japan, Guidelines for the maintenance and
improvement of easier accessibility and usability of
transportation infrastructure, 2003.

Sakamoto, K., M. Suzuki, M. Noshiro, H. Oku, K.
Tsuchiya, Study of handling load in three dimen-
sional motorized wheelchair and its simulator, The
Japanese Journal of Ergonomics, Vol. 26, 352-353,
1990.

(Received September 18, 2012; accepted December 12, 2013)



