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Abstract With an increase in the aging population and a rising social interest in health and welfare,
studies to improve healthcare in the elderly are being actively conducted. This study attempted to
improve the current design and manufacture of elevating electric wheelchairs to enhance user safety and
convenience. Seat design based on the user's body shape, convenience while boarding or alighting, caster
turning radius and, safety and stability features that prevent shaking when the user gets up or sits down
were improved. A driving experiment was conducted to evaluate the operation of the indoor electric
wheelchair designed and manufactured with these additional functionalities. During the test, the
performance parameters evaluated were continuous driving time, turning radius, maximum lifting and
lowering load, maximum lifting height, noise level, minimum distance sensing by the driving auxiliary
sensor, ability to interact with server and app programs, and the duty cycle maximum error rate. The
test confirmed that this improved electric wheelchair successfully met target parameters. In a future
study, we will evaluate this improved electric wheelchair from a user's perspective for its usability
parameters, such as satisfaction, convenience and stability.
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Fig. 1. Design of indoor electric wheelchair prototype
(a) Existing model
(b) Improved model
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Fig. 2. Manufacture of indoor electric wheelchair

prototype
(a) Existing model
(b) Improved model
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Fig. 3. Main system block diagram
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Fig. 5. Application of front obstacle detection driving
assistance sensor

Fig. 6. Application of circuit breaker for power off
during over current operation
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Fig. 7. Application of headlights, turn signals, and car
lights when driving at night

Fig. 8. Home network PCB for gas valve, AC outlet,
and light control
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Fig. 9. Jig and electric wheelchair used to measure
continuous travel time
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Fig. 10. Rotation radius of moving and lifting
wheelchair
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Fig. 11. Maximum load test of lifting and lowering
(2) Dumbbell total weight:: 120.5 Kg
(b) Load test of lifting and lowering
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Table 1. Experiment result

No. | Front(ch.1) | Right(ch.2) | Rear(ch.3) | Left(ch.4)
Test 1 43.7 42.4 42.0 42.1
Test 2 43.5 424 42.0 423
Test 3 43.6 423 42.0 42.1
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Fig. 13. Noise measurement in an anechoic chamber
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Fig. 14. Sensing minimum distance experiment
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Fig. 15. Equipment state transfer experiment
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B 9E DUTY: 3%

MAVE

(b)
Fig. 16. Duty cycle error rate of control part and
drive part
(a) 30% duty ratio setting on the control panel
(b) Duty ratio measured at the drive: 28.8%

Table 2. Experiment result

Test | Duty ratio measured | Duty ratio measured | Error rate
No. | by the controller(%) | by the drive unit(%) (%)

1 28.4 53

2 28.8 4.0

3 28.5 5.0

4 28.8 4.0

5 28.4 53

6 30 28.4 53

7 28.4 53

8 28.1 6.3

9 28.4 53

10 28.8 4.0

11 284 53

Maximum 6.3
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Table 3. Performance comparison
e Existing Improved
Performance specification model model
Mini cati di Overall Overall
inimum rotation radius length+30% | length-24%
Maximum load .Of lifting and _ 120 Ke
lowering
Sensing minimum distance 1m 0.7 m
Equipment state transfer 100% 100%
Maximm lifting height 650 mm 655 mm
measurement
Duty cycle maximum error 4.3% 6.3%
Continuous travel time 6h 8min 6h 28min
Noise measurement 54.2 dB 437 dB
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