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Evaluation of Changes in Power Wheelchair Maneuvering Induced by a Detection and Prevention

System of Downbhill Turning on Cross Slope Surfaces
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Abstract: In order to improve safety of wheelchairs we have developed a detection and prevention system of downbhill
turning on cross slope surfaces. The effect of the system on wheelchair maneuvering, however, has not been well
clarified. In this study we quantitatively characterized changes in maneuvering strategies induced by the downhill turning
prevention control (DTPC). Six subjects with physical disabilities that normally use a power wheelchair drove a test
wheelchair on an 8-degree cross slope with and without DTPC under measurement of joystick excursions. Among
several evaluation measures calculated from the joystick logs, the x-axis joystick displacement amount was found to be
significantly decreased by DTPC, while other measures remained unchanged with DTPC. This observation means that
the subjects themselves compensated for the downhill turning tendency by their joystick inputs. This result strongly
suggests that DTPC can reduce the burden of maneuvering on cross slope surfaces.
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Fig. 1
turning detection and prevention system.
with the angle of 8°.

(A) Developed power wheelchair with the downhill
(B) Test cross slope
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Fig. 2 Time courses of x-axis joystick angular displacements.
Angular displacements (black, left axis) and the displacement
variations (red, right axis) are shown for typical trials with (top
panel) and without (bottom) the downhill turning prevention
control by the same subject. Joystick inputs for the downward
direction of the cross slope (leftward to the travelling direction
in Fig. 1B) are defined as positive.
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Fig. 3 Comparison of evaluation measures obtained in trials with and without the downhill turning prevention control (DTPC).

(A) Absolute lateral displacement of the wheelchair.
amount (i) and yaw rate amount (ii).
displacement amount (i) and variation amount (ii).
when p>0.05).
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Each line indicates mean values for a subject.

(B) Time to complete the 4-m test course.
(D) X-axis joystick displacement amount (i) and variation amount (ii).
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(C) Yaw angle displacement
(E) Y-axis joystick

Results of a two sided t-test are shown with p values or “n.s.” (no significance,
Colors of the dots and lines correspond with the subjects (n=6).
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Fig. 4 Linear discriminant analysis of the trials with and
without the downhill turning prevention control. Two
dimensional plots of the evaluation measures were analyzed
with the x-axis of JDA, and the y-axis of JDVA, (A), YDA (B)
and JDVA, (C). The classification results are shown as area
colors (red: w/ control, blues: w/o control). Misclassification
rates are shown on the top of the panels. Colors of the dots
correspond with the subjects (n=6). Open and closed dots
indicate the trials with and without the control, respectively.
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Table 1 Multiple regression analysis of JDA, improvement
on measures without the DTPC (sorted with p-values).

Explanatory variables R? P
JDA 0.843 0.0098
JDA,, YRA, YDA 0.9924 0.0113
JDA,, YRA 0.9159 0.0244
IDA,, JIDVA,, YRA 0.9813 0.028
IDA,, IDVA, 0.9024 0.0305
JDA,, YDA 0.8655 0.0493
*: F-test.

JDA: Joystick displacement amount, YRA: Yaw rate amount,
YDA: Yaw-angular displacement amount, JDVA: Joystick
displacement variation amount.
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