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Estimation Model of Joystick Input Changes Induced by a Downhill Turning

Prevention Control Mounted on a Powered Manual Wheelchair
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Abstract

In order to improve safety of powered wheelchairs running on cross sloped surfaces, we have developed a
downhill turning prevention control (DTPC) system. The effect of DTPC on wheelchair maneuvering has
been quantified and evaluated by an evaluation experiment, where six wheelchair users participated. In this
study we characterized in detail DTPC-induced changes of the evaluation measures in order to construct a
quantitative criterion for screening target users of DTPC. As a result, we found that DTPC-induced
improvement in the total scores of the evaluation measures positively correlated with the total scores
without DTPC. The multiple regression analysis revealed that the evaluation measures derived from the
wheelchair behavior without DTPC are secondary factors on the evaluation score improvement in addition to
those from the joystick input. The measures without DTPC are likely to negatively correlate with the
controlling skills of the drivers. These results of the statistical analyses, therefore, suggest that the benefit
from DTPC will be larger as controlling skill of the users is worse.
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Fig. 1 Experimental setup and typical measurement results.
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(A) Developed power wheelchair with the downhill

turning detection and prevention system. Positive directions of joystick control and yaw rate are indicated by arrows.

(B) Test cross slope with the angle of 8°.

(C) 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) DTPC by the same subject.

Joystick inputs for the downward direction of the cross slope

(leftward to the travelling direction in B) are defined as positive?.
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Fig. 2 Comparison of evaluation measures obtained in trials with and without DTPC.
displacement of the wheelchair. (B) Time to complete the 4-m test course.
(D) X-axis joystick displacement amount (i) and variation amount (i).

displacement amount (i) and variation amount (ii).

yaw rate amount (ii).
Each line indicates mean values for a subject.
and lines correspond with the subjects (n=6). A part of this data set is already published in ref. 5.

bORBHoT. ZIT, ZhHDORHETEED DTPC (IZLH% OFHBIET 0.115 + 0.006 (¥ + fFEHEFZE, 1000 744T)
{LERRFET D721, A J7 AR RS O R FE AR 20 2 72 THY, Fig. BITRLIZETOFRZNE EEl~72. ZORERI,
2 RITTORIEA N - BB ORI EIBN T 21T 272, AT SR O B LIRSV o723, I i EE L
BRERZE X W, A7 OBEE LR, Bikoa —ihZ 7 &, SROFHITEES DTPC ORELZZ TN H LI AR
AT ROBSEE L &EZNEIN Y #ilEoTz, 2 IRITDH]H] LT,

N RE Fig. 31R9 . Y B ELECE V= Hil A 20 - f6%2h

131



FA4 7% AR —bF Vol.24 No.3,

>

R R TS— Error rate = 0.099

|0 :wDTPC
‘| ® :wio DTPC

100

y

50

118 '(t)] dt, deg

0 20 40 60 80
| IS, ()] dt, deg s

Error rate = 0.110

300

250

200

150 {

(t)| dt, deg

yaw

100

fe

50

0 20 40 60 80
[148,(0)] dt, deg s

@)

400 Error rate = 0.111

350

300 |

250

200

X

150 qi

[1JS_'(t)| dt, deg

100 {

50 1

0 20 40 60 80
[1Js ()] dt, deg s

Fig. 3 Linear discriminant analysis of the trials with
and without DTPC.
evaluation measures were analyzed with the x-axis of
JDAx and the y-axis of JDVAy (A), YDA (B) and JDVA«
(C), respectively. The classification results are shown
as area colors (red: w/ DTPC, blues: w/o DTPC).
Misclassification rates are shown on the top of the

Two dimensional plots of the

panels. Colors of the dots correspond with the subjects
(n=6).

without DTPC, respectively.

Open and closed dots indicate the trials with and
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Table 1 Multiple regression analysis with JDAx improvement as an outcome variable (sorted with p-values).

Coefficient estimates®

Explanatory variables R2 P Constant b1 b2 bs
JDAx 0.843 0.0098 -5.04 0.836 — —
JDAx, YRA, YDA 0.9924 0.0113 11.9 0.83 -56.6 0.157
JDAx, YRA 0.9159 0.0244 4.7 1.03 -39.5 —
JDAx, JDVAy, YRA 0.9813 0.028 -7.16 1.11 0.198 -41.1
JDAx, JDVAy 0.9024 0.0305 -16.7 0.897 0.188 —
JDAx, YDA 0.8655 0.0493 -3.54 0.69 0.078 —

*: Coefficient estimates (bi~3) are arranged in the same order as the explanatory variables.

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

amount, YRA: Yaw rate amount.
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