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Evaluation and Quantification of
Burden upon Wheelchair Users on Cross Slope
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Abstract: In this paper, we describe how to evaluate the physical and mental burden of the driving force

of wheelchair upon the wheelchair users while they are moving a wheelchair on a cross slope. We have

conducted the experiment that measures driving force of hand rim on cross slopes. As a result, we have

shown that a work load required at the time of slope movement can be predicted with the angle and

weight of a slope. In addition, we have shown strong correlation between the physical burden and

mental burden.
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Table 1 Experiment environment.

Distance Angle of slope[Degree] Gradient[%]
15m 0 0
15m 1.2 2.1
14m 3.9 6.8
10m 5.6 9.7
12m 6.1 10.8

Table 2 List of experimental participants.

Weight[kg] Age Sex
A 49.5 22 M
B 56.0 22 M
C 56.4 22 M
D 57.1 22 M
E 57.6 22 M
F 61.9 29 M
G 58.3 22 M
H 63.3 21 M
| 66.5 21 M
K 78.1 22 M
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Fig.1 MEAN and SD of each degree of slope.

Table 3 Fundamental statistics of measurement value.

p<0.01), %105 B (R2%q=0.84, p<0.01), {LFEHR
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Table 4 Results of multiple regression analysis.

Explanatory

Objective variable Standard §  Rlag

95%CI SD Max Min

Average 11.29

- 3.93 1940  5.04
driving torque +1.06
Max 59.89

o 22.42 142.18 19.71
driving torque +6.06

Driving torque per 78.92
34.30 201.85 19.56

variable
Average A 074 **
L. 0.61 **
driving torque W 0.27 **
Max A 034 ¢
L. 0.89 **
driving torque W 0.38 **
Driving torque A 043 ** 034w
per stroke w 042 ** '
Power per A 0.65 **
0.64 **

stroke W 048 **

Power per A 0.86 **
0.84 **

meter W 032 **

A 0.62 **
Power 0.55 **

W 044 **

Degree of freedom 54

stroke +9.27

Power 7.42
3.07 14.84 1.93

per stroke +0.83

Power 10.46
5.20 22.11 1.59

per meter +1.4

17.06
Power 8.60 45.05 3.20

+2.32

Number of sample 55
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Table 5 Correlations between standard degree of burden
and physical burden and angle of slope.

Standard degree of burden

Average driving torque 0.89 **
Max driving torque 0.70 *
Driving torque per

stroke 036 7

Power per stroke 0.45
Power per meter 0.60 **
Power 0.79 *
Average driving torque 0.55

A: Angle of slope, W: Weight
**p<0.01,*p<005 7p>=005
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Fig.2 Correlation between standard degree of burden and
degree of slope.
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Fig.4 Correlation between standard degree of burden and
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Table 6 List of experimental participants.

Weight[kg] Age Sex
F 59.5 29 M
K 79.5 22 M
M 445 24 M
N 68.0 31 M
o} 69.9 22 M

Table 7 Added weight on participants.
Weightl[kg] Weight2[kg]

Weight3[kg]

F 60.0 65.0
K 80.0 85.0
M 45.0 50.0 55.0
N 70.0 75.0
0] 70.0
- No waight

Table 8 Fundamental statistics on measured values.

95%CI SD Max Min

Average
o 11.84+2.09 5.59 22.84 4.87
driving torque

Max driving
67.49+7.56 20.24 124.86 37.95
torque

Driving torque
39.62+5.21 13.69 75.75 19.73

per stroke
Power per
9.98+1.58 4.24 22.10 3.39
stroke
Power per
12.52+2.32 6.22 24.06 4.60
meter
Power 24.87+4.5 12.04 56.22 9.72
Number of
30
sample
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Fig.5 Relative error of between measured and estimated
values.
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