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In this study, a control system of an electric wheelchair (EWC) to assist disabled people such as persons
with spinal cord injury was improved to enhance maneuverability of the EWC. The control device is attached
to a joy-stick of the ready-made EWC and controls the joy-stick by motor drive. The surface electromyograms
(SEMGs) of four muscles, which are the neck, both sides of shoulder and the cheek, are measured, and the
EWC is navigated based on the SEMG of the user. By identifying the SEMGs, seven patterns of the
navigation of the EWC are possible, which are stop, advance, back, right turn, left turn, right back turn, and
left back turn. Thus, users can navigate the EWC by their own intention without using their hands. This study

focused on improvement of the four motions, which are right turn, left turn, right back turn, and left back turn.

For these motions, two new methods to determine the target angle of the joy-stick based on both the degree

and duration of the muscular activity during straining the corresponding muscle are proposed. In order to
verify the maneuverability of the EWC by the proposed two new methods, run experiments in two test courses

were carried out, and results were compared with the previous method.
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Table 1 Corresponding motion

Motion ch. 4
ch.1 Stop -
ch.2andch.3 Advance off
(both shoulders) Back on
ch. 2 only Right turn off
(right shoulder) Right back turn on
ch. 3 only Left turn off
(left shoulder) Left back turn on
ch. 4 Switching of advance and back -
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Fig. 5 Corresponding channel and motion
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Fig. 6 Spherical polar coordinates

Table 2 6 and ¢ for corresponding action

Action 0 [rad] @ [rad]
Stop 0 0
Advance —1/9 /9
Back —8m/9 /9
Right turn —n/7~-1/2 /9
Right back turn —6r/7 ~—-1/2 /9
Left turn n/4~1/2 /9
Left back turn 3n/4~1/2 /9
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Table 3 Value of 6,,in, Omax and K

Action Omin [rad] | 6,4, [rad] K
Right turn —1t/7 —1/2 4
Right back turn —61/7 —1/2 4
Left turn /4 /2 35
Left back turn 3n/4 /2 35
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Fig. 7 Control method 1
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Table 4 Results of distinction experiment

Subject A B C D E Ave.

Ad[%] = 100 | 100 | 857 | 90.0 A 100 | 957

Ri[%] | 100 | 100 | 909 | 75.0 | 100 | 93.0

Le[%] | 100 | 100 | 100 | 90.0 | 90.0 | 96.0

Ba [%] 100 | 91.0 | 90.9 | 100 100 | 96.3

6 motions

RB[%] | 100 | 100 | 100 | 63.0 | 928 | 92.6

LB[%] | 100 | 83.0 | 100 | 92.0 | 88.9 | 92.3

6 Ave. [%0] 100 | 95.0 | 950 @ 87.0 | 950 | 96.3

Switch[%] | 943 | 870 | 75.0 & 93.0 | 97.1 | 89.7

Stop [%] 100 | 100 & 983 | 980 & 983 @ 99.0

Ad: Advance Ri: Right turn Le: Left turn

Ba: Back RB: Right back turn  LB: Left back turn
6 Ave. : Average of 6 motions

Switch: Switching of advance and back
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Fig. 10 Outline of test course for run experiment |
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Fig. 11 Passage tracks of run experiment |

Table 5 Experimental results of run experiment |

Ave. Max Min Success
time [s] | time[s] | time[s] | rate [%]
Previous
A method 54,71 69.06 49.16 100
Method 1 46.50 58.47 39.84 80.0
Method 2 43.05 49.81 36.25 80.0
Previous
B method 51.77 | 57.07 | 4743 100
Method 1 41.65 44,41 39.32 60.0
Method 2 45,74 59.44 38.72 70.0
Previous
Cc method 62.03 79.10 46.85 80.0
Method 1 39.64 43.04 37.44 70.0
Method 2 41.25 51.81 38.28 80.0
Previous
D method 48.24 71.44 41.38 70.0
Method 1 36.78 38.60 35.25 80.0
Method 2 37.02 41.37 35.93 90.0
Previous
All | method 5419 | 79.10 | 41.38 875
Method 1 41.14 58.47 35.25 725
Method 2 41.77 59.44 35.93 80.0
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Fig. 13 Average run time of each subject
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Fig. 15 Outline of test course for run experiment 11
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Fig. 16 Passage tracks of run experiment Il

Table 6 Experimental results of run experiment Il

Previous
method Method 1 Method 2
Ave. time [s] 152.38 83.12 84.82
Max time [s] 171.90 91.56 93.62
Min time [s] 135.60 77.97 77.06
Success rate [%] | 70.0 (7/10) | 90.0(9/10) | 90.0(9/10)
Times of switch 34 2 3
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Fig. 17  Average run time for run experiment Il
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