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A Suggestion of the Input Device of Electric Wheelchair Considering the Characteristics of the Person

with Severe Duchenne Muscular Dystrophy
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Abstract: Persons with the severe Duchenne muscular dystrophy (DMD) cannot operate the electric wheelchairs because
of lack of muscular power and deformation of hand. To deal with this difficulty, the authors developed two new input
devices. These devices were developed based on the quantitative evaluation of the hand function of persons with severe
DMD. Thus these devices can be operated by slight force and movement of their fingers. Furthermore the shape of these
devices is determined by considering the shape of the hands of persons with severe DMD.
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Table 1 Detail of the subjects
Experience of operating the

1D Age Stage electric wheelchair
A 29 7 Using

B 26 7 Using

C 24 8 Used until 12 years old
D 25 11 Used until 16 years old
E 28 12

Used until 19 years old

(a) Subject D

(b) Subject E

Fig. 2 The hand of each subject

MP joint

CM joint

Fig. 3 Dynamic link model of hand and joint coordinate system
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Fig. 4 The relationship between
continuous force and range of motion
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(a) Egg-shaped for subject D (b) Sheet-shaped for subject E

Fig. 5 The state of gripping the input device

(a) Input device for subject D (b) Input device for subject E

Fig. 6 The shape of the input devices
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Fig. 7 Relationship between thumb and joint coordinate system
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Fig. 8 The range of motion of thumb

WICRHEORHGECE BT 5. OB EICBT 5
Fifi ha x vy Fl, x z FHEHICEBE L7 72X 910w
9. %RFE DIk, 3#hJ7AIS, 07N LA ORI A RE L
7o ®5E B x FIANZ 05N LU k%, v #iHIE 7121 0.3N
R, AFMIZIT 02N EEZ, z#EF I 0.8N 25
DR ZFE LTz, Z OIS 5 A2 38 A °T BE 7o Fifoe
FiEER Y, yENESN L 2 BhiE G oA 2R HT %

Z LT BT 0OINRREDO R LFFENKD EB %7

y[N]

x[N]

(a) Subject D -1

y[N]

x[N]

(b) Subject E

Fig. 9 The continuous force of thumb
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Table 2 Detail of the tasks

.. . Movement of electric
Target position time

Task (x.y) [s] wheelchair
Y corresponding
1 (R,0) 10 Turn right
2 (0,-R) 10 Move back
3 (-R,0) 10 Turn left
4 (0,R) 10 Move forward
5 (Rcosot, 0) 20 Adjust the direction
6 (0, Recosot ) 20 Adjust the velocity
7 ( Rcos(90(1+cosmt)), 20 Move without
Rsin(90(1+cosmt)) ) stopping
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Fig. 10 Experiment of the tasks
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Fig. 11 Input range of each subject performed
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Table 3 Result of the tasks

Task
D 1 2 3 4 5 6 7
D — — 0.00 0.00 — 0.39  43°
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Fig. 12 The detail result of task7
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Fig. 13 Movement of thumb of subject D
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(a) Subject D (b) Subject E
Fig. 14 The state of operating input device
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