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Development of Extended Wheelchair Operation Observer to Estimate Lateral Tilt Information
Sehoon Oh, Hori Yoichi (Institute of Technology, University of Tokyo)

Abstract

An operational state observer for a wheelchair system we have proposed is extended to three dimensions. Incorpo-

ration of a 3-axis accelerometer allows an observer to estimate more precise information on conditions of hills in the

lateral direction. In order to design this extended operational state observer, at first, a model dynamics illustrating

the relationship between the gravity in the lateral direction and the motion of a wheelchair on a slope is derived.

Experimental results verify our derivation of equations. Then, the dynamics is simplified and used in the design of

the extended observer. Since the dynamics itself and the output of that have nonlinear characteristics, the extended

kalman filter design algorithm is employed. By simulation, the stability and effectiveness of the application is verified.
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(wheelchair, operational states observer, extended kalman filter, effect of the gravity, two-dimensional dynamics of

wheelchair, human friendly motion control )
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Fig.1. Operational States and Measurements in Wheelchair
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Fig.2. Gravity acting laterally on a wheelchair
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Fig.3. Angles Necessary for Safe Operation on a Slope
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Fig.4. Decomposition of the Force Measured by an
Accelerometer
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Fig.5. Location of an Accelerometer in a Wheelchair
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Table 1. Output Equations of All Sensors
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Fig.6. Comparison of Lateral Acceleration

gboooobooboobobooooboooooboan
gbobooboboedbOoOoooOobOOobOoOOODd
oboooobooobbobob e, 00000000
00000 () 0000000000000 w0 «000O
0000000 «, 00000000000 (5)00000
gbooooooboooogan

0220 DO0ooooobooboobogo good
gbooooboooobooboboooooboooooboao
gbooooobooooobobooooobooogooboo
00000000000oooo®®®oooooon
goooooooooobobooooobooooboo

oooooooboooOoooobobooo pooooo
gbooooobobooogo

]

T Yr

TY

‘.::: Y,

07 0000O00ODOOOODOOOOOOOOOOOO0OO
Fig.7. Physical Values in Lateral Motion of a
Wheelchair
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Fig.8. Comparison of Yaw-rates in Experiments and
Simulation
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