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Motion Analysis and Control of Dual Wheel Vehicle as Human-Machine System
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Abstract: A prototype of dual-wheel inverted-pendulum vehicle (DIPV) was developed. DIPV has become popular
in crowded area because of their compact size and maneuverability. However, no technical report has been published
on the control of such a vehicle with its rider on, in spite of the fact that rider’s inertia and maneuver skill has strong
effect on the vehicle performance. This study tried to simulate the DIPV-rider system movement using a simple
dynamical model. The actual DIPV and rider movements were measured using LabView and motion capture system.
From the time domain analyses, the effects of rider’s maneuvering skill and experience, the control gains were

observed.
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Fig.1 The dual-wheel built for this study
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Table 1 Design specifications

Tread 0.69m

Wheel diameter 0.56m

Frame structure Aluminum honeycum double deck
Control rod motion Fixed in pitch direction

Sway in roll direction

Grip height 0.7m

Motor power 150W x 2

Electric voltage 12V

Speed reduction ratio 165:1 (.55.1 by planetary gears, 3:1
by chain)

Vehicle mass 30 kg

Mass center height |0.2m above wheel center

Rod slant sensor Hall sensor for pendulum angle
Rod slant rate sensor |Gyro

Controller Compact RIO by National
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Fig.2 The dynamical model of the dual-wheel vehicle and the
rider
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Fig.3 Block diagram of the control system
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Fig. 4 Stability simulation of the vehicle loaded with a rider
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Fig.5 Simulation of maneuvering the vehicle.
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Fig.6 Optical motion capture system used in this study.
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Fig.7 Markers detected by the motion capture system
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Fig.8 Rider’s motion measured by the motion capture system
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Fig.9 Rider motion with low feedback gain
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Fig.10 Rider motion with high feedback gain
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