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Abstract

The purpose of my work was to limit the spread of the wheelchair accident by using the infor-
mation and communication technology (ICT). This paper presents the changing situation of the
seating pressure distribution on wheelchair users by variations in the gradient of the road surface.
The measurement experimentation of seating pressure distribution was recording the traveling
state of a wheelchair using both an acceleration sensor and an angular velocity sensor. To estimate
the effect of changing the attitude of an occupant by a change in slope surface state and to cope
with the improving safety. As a result, the traveling on the slope was found to have effects on the
more than about average 7 times in the variation in pressure distribution from front-back direction
in comparison to traveling on the flat road. In conclusion, the results of the study can be used to
support maintenance of posture by wheelchair users.
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1 Introduction

Assistive technology helps people who have difficulty speaking, seeing, hearing, typing, writing,
remembering, learning, pointing, walking, and many other things [1][2][3][4]. These technolo-
gies have become a crucial factor in the Improvement of quality of life (QOL), especially in the
fields of medical treatment, rehabilitation, and welfare. Assistive technology devices and services
assist person with disabilities (PWDs) to enhance their abilities and increase their level of inde-
pendence, and enables PWDs to engage in daily life activities [5][6][7][8]. In addition, an inte-
grated and collaborative approach for wheelchair propose for aid the elderly or disabled in a better
way, not merely a navigation tool [9]. While wheelchair is available in daily life activities, there
has been little discussion of how to address these issues in adverse situations of wheelchair users
by changes in road conditions [10]. To address this issue, the important role of assistive technol-
ogy in Japan's declining birthrate and aging society, we are working the research and develop-
ment of assistive technology intended for wheelchair users and caregivers [11].
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The purpose of our work was to limit the spread of the wheelchair accident by using the infor-
mation and communication technology (ICT). In this paper, we focus on influence of posture by
wheelchair passengers when driving the descending slope. Therefore, we examine the changing
situation of seating pressure distribution on wheelchair users by variation in gradient of the road
surface. The measurement experimentation of seating pressure distribution is recording the trav-
eling state (acceleration, angular velocity) of a wheelchair at a time, too.

2 Method

2.1 Measuring instrument

In the experiment, a pressure detecting sheet and a small type sensor are employed to find the
relationships between variations in the gradient of the road surface and the changing situation of
the seating pressure distribution.

The measuring of seating pressure distribution uses "SR SOFTVISION" made by Sumitomo
Riko Company Limited. The sheet size is 450x450 [mm]. The seating pressure distribution meas-
ure at 256 pressure sensor elements in the pressure detecting sheet. The measurement range of
pressure value is 0 ~ 200 [mmHg]. The pressure detecting sheet (SR SOFTVISION) is illustrated
in Figure 1. The measuring of angular velocity uses “SimpleLink SensorTag " made by Texas
Instruments Incorporated. The SimpleLink SensorTag includes 10 low-power MEMS sensors in
a package. The size is 50x67x12 [mm]. Network connection is supported Bluetooth Smart,
6LoWPAN and ZigBee. The small type sensor(SensorTag) is illustrated in Figure 2.

Figure 1: The pressure detecting sheet Figure 2: The small type sensor

2.2 Measurement experimentation

In the measurement experimentation, seating pressure distribution and acceleration
are measured both a flat road and a slope using "SR SOFT VISION" and SensorTag".
The number of measurements is per person five times. The measurement data acquire
from healthy adult men of 10 subjects. The experiment locations are illustrated in
Figure 3 and Figure 4. The label (a) in the Figure 3 and Figure 4 illustrates pictures
of the experiment location. The label (b) in the Figure 3 and Figure 4 illustrates the
sectional view of a flat road and a slope. The values in the figure show the distance
and the angle in degrees.
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Figure 4: Slope

3 Results

3.1 Angular rate change

The results of the measurements by an angular velocity sensor are illustrated in Figure 5 and
Figure 6. Those graphs show an example of a representative result of one subject. The graph in
Figure 5 illustrates the three-axis angular rate change on the flat road. It can be confirmed that no
significant change occurs in the angular velocity of the three-axes. The graph in Figure 6 illus-
trates the three-axis angular rate change on the slope. It can be confirmed that the angular veloc-
ities of the three-axes are changed as compared with Figure 5. Points (a) to (d) shown in Figure
6 correspond to points (a) to (d) of variation in gradient of the road surface in Figure 4. In partic-
ular, it can be confirmed that the angular velocity in the pitch direction has points (c) and (d)
where a large change of 10 times or more occurs. Table 1 shows the average of the all three-axis
angular rate data. We see from Table 1 that the angular rate average of the slope is five to ten
times more than the flat road. Especially, the pitch direction most affected by the gradient change
is changed by about 10 times.
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Figure 5: Angular rate change on the flat road
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Figure 6: Angular rate change on the slope

Table 1: Average of angular rate

Roll Yaw Pitch
Rotation direction
+ - + - + -
Flat [deg/s] 39 3.7 6.2 4.8 23 23
Slope [deg/s] 323 23.5 36.0 384 20.8 32.8

3.2 Variation in seating pressure distribution

Figure 7 shows the variation in seating pressure distribution of a subject for three seconds (18.0-
21.0[s]) in Figure 5. Similarly, Figure 8 shows the variation in seating pressure distribution of a
subject for three seconds (18.0-21.0[s]) in Figure 6. The time interval of pressure measuring is
0.6[s]. The distance between the grids is 28.125 [mm]. The color scale of pressure distribution
chart shows the variation with pressure from white color (0 [mmHg]) to red color (200 [mmHg]).
A center position of pressure was calculated from the measurement data. The center position of
pressure is a circular mark shown near the center in the pressure distribution. Then, the moving
distance of the center position of pressure in the Front, Rear, Left and Right directions is illus-
trated in Table 2. As a result, the changing of the seating pressure distribution on wheelchair users
by variations in the gradient of the road surface was about average 10 times higher in the front.
Also, the rear was about average 7 times higher.
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Figure 7: Seating pressure distribution on the flat road
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Figure 8: Seating pressure distribution on the slope
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Table 2: Central position of the pressure

Direction Front Rear Left Right
Flat 1.08 0.95 1.46 1.47
Average [mm]
Slope 10.95 6.56 4.29 4.67
) Flat 3.52 3.17 3.08 2.06
Maximum [mm]
Slope 24.03 11.44 8.80 10.01
. Flat 0.24 0.24 0.38 0.53
Minimum [mm]
Slope 3.36 2.88 2.06 1.89

4 Discussion

In this paper, we focus on the influence of posture by wheelchair passengers when
driving the descending slope, it reports on the changing situation of seating pressure
distribution of wheelchair users by variation in gradient of the road surface. From the
measurement results, in a road surface condition with a gradient change of 10 degrees,
the moving distance of the center position of pressure compared to a flat road was
increased more than about 7 times in an anteroposterior direction. The timing of a
change in the seating pressure distribution is consistent with results the traveling state
(acceleration, angular velocity) of a wheelchair. In particular, the vibrations and im-
pacts are more heavily added from the wheelchair to a passenger when the casters of
wheelchair pass through of positions with the gradient change. As a result, the impact
appears in the change of the attitude of the passenger. Also, when the wheelchair is
traveling downhill slope, since the attitude of the passenger leans in the front direc-
tion, the attitude becomes increasingly difficult to maintain. In this case, the elderly
peoples and PWDs with weak muscular strength have a risk of falling out of the
wheelchair, they have to fast one's seat belt tight. We propose to distinguish passen-
ger's posture situations into four types of A, B, C and D. A is "normal". B is "don't
affect slippage of the attitude in a direct". C is "do affect slippage of the attitude in a
direct". D is "risk of falling out". Consequently, at the time of the descending slope
travel of the wheelchair in where gradient change occurs, the risk of distinction C is
accompanied. In the case of elderly people with weak muscular strength and persons
with disabilities, it is also necessary to consider the risk of D. In summary, the results
of this study suggest that the possibility of being data which quantitatively evaluated
the change of the seating position and the boarding posture on the wheelchair pas-
sengers. Measuring and evaluating the pressure distribution on a seating face is of
special importance when the intense load on the passenger pose a high threat of pres-
sure peaks or uneven load distribution.
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5 Conclusions

The influence on maintenance of posture by wheelchair passengers have been investigated using
seating pressure distribution measurements. Its experimentation was recording the traveling state
(acceleration, angular velocity) of a wheelchair at a time, too. From the measurement results, we
can conclude that if wheelchair passengers drive a descending slope accompanied by gradient
changes of 5 [deg] to 10 [deg];

1. The changing of the seating pressure distribution on wheelchair passengers by the gradient

change of 10 degrees is moved more than about 7 times in an anteroposterior direction.

2. The vibration and impact applied to the casters during the wheelchair will affect the seating

pressure distribution of the passengers.

3. The elderly peoples and PWDs with weak muscular strength have a risk of falling out of the

wheelchair.
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