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A Novel EMG-based Human-Computer Interface for Electric-Powered
Wheelchair Users with Motor Disabilities
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Abstract : Electromyogram (EMG) signal generated by voluntary contraction of muscles is often used in rehabilitation devices
because of its distinct output characteristics compared to other bio-signals. This paper proposes a novel EMG-based human-computer
interface for electric-powered wheelchair users with motor disabilities by C4 or C5 spine cord injury. User's commands to control the
electric-powered wheelchair are represented by shoulder elevation motions, which are recognized by comparing EMG signals
acquired from the levator scapulae muscles with a preset double threshold value. The interface commands for controlling the electric-
powered wheelchair consist of combinations of left-, right- and both-shoulders elevation motions. To achieve a real-time interface,
we implement an EMG processing hardware composed of analog amplifiers, filters, a mean absolute value circuit and a high-speed
microprocessor. The experimental results using an implemented real-time hardware and an electric-powered wheelchair showed that
the EMG-based human-computer interface is feasible for the users with severe motor disabilities.

Keywords : electromyogram, human-computer interface, shoulder elevation motion, double threshold, electric-powered wheelchair
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Fig. 1. Levator scapulae muscle and electrode position.
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Fig. 2. Block diagram of EMG signal processing.
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Fig. 3. Results of EMG signal processing: EMG, MAV, and SMAV
signals.
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Table 1. Control commands defined by motion of left and right
levator scapulac muscle for electric powered wheelchair.

lefR EMG | right EMG command state
on on go forward / stop 1/0
on off turn left 2
off on turn right
off off preserve / go forward 4
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Fig. 4. EMG signals obtained from levator scapulac muscle:
right(upper) and left(lower).
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Fig. 5. SMAV signals by shoulder elevation motions and a preset
threshold value.
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Fig. 6. Recognized result by comparing with a single threshold

value.
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Fig. 7.Recognized result by comparing with a single
threshold value after delay time.
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Table 2. Recognized results of shoulder elevation motions by the
double threshold method.

visual | motion subject average
feedback | (state) A B c D E (%)
both (0/1)| 100 | 100 | 100 [ 85 | 100 97
none left(2) | 100 | 100 | 100 | 80 | 100 96

right(3) [ 100 [ 100 | 100 | 85 [ 100 97
both (0/1)| 100 | 100 | 100 | 95 } 100 99
given | left() | 100 | 100 | 100 | 85 | 100 | 97
right (3) [ 100 | 100 | 1060 | 95 | 100 99
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Fig. 10. SMAV signal and recognized result of the subject D.
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Fig. 11. Implemented real-time hardware for EMG interface
and DE-2.3 EMG electrodes.
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Fig. 13. Electric-powered wheelchair with HCI.
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Fig. 14. Five kinds of virtual experimental environment.
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Fig. 15. Navigation time by keyboard interface.
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Fig. 17. Wheelchair navigation by EMG-based HCL.
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Fig. 18. Acquired SMAV signal while navigating wheelchair.
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