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Development of a Driving State Observer for the Advanced Control of a Wheelchiar and its

Applications

Sehoon Oh, Yoichi Hori (The University of Tokyo)

For the advanced control of a power assisted wheelchair, we need to know some information on the state of

the wheelchair. The information that is necessary for the control is (1) the speed of the wheelchair, (2) the

inclination angle of the wheelchair body from the ground, and (3) external disturbance. This paper proposes

an observer that can estimate that information in real time. The kalman filter theory is adopted for the

observer design. Experimental results validate that estimation by the proposed observer is correct, robust,

and fast.

This observer can evolve the performance of various advanced controls of a wheelchair. Several controls

such as prevention of overturning, force sensor-less power assisting control and the gravity compensation

control are introduced as examples that need this proposed observer. The way how to use this driving state

observer in those controls is explained.
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Fig.1. Power-assisted wheelchair as an example of
power assisting tools (YAMAHA JW II)
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Fig.2. Driving states considered in this paper
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Fig.3. States necessary for the perception of driv-
ing state
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Fig.4. Cart with an inverted pendulum model
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Fig.5. Wheelie action without going forward
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Table 1. Output equation of each sensor
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Fig.6. Accelerations measured by a accelerometer
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Fig.7. Experimental Setup
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Fig.8. Estimated angular velocity 6 (solid line:
observer estimation, dashed line: differentiation of
encoder outputs)
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Fig.9. Estimated inclination angle(¢) (solid line:
observer estimation, dashed line: integration of gy-
roscope output)
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Fig. 10. Different estimation by different observer
gains
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Fig. 11. Distinction between a wheelie action and
slope using do
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Fig.12. Power assisting control with variable as-
sistance ratio
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Fig.13. Force sensor-less power assisting control
with gravity compensation control using ¢
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