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Abstract: This paper describes the development of an indoor locomotion assistive robot, Ball-Chair, comprising
a novel drive system. This robot facilitates locomotion assistive operation in narrow spaces, in which common
wheelchairs cannot move easily. The Ball-Chair has two main features: its structural feature and driving
mechanism. The exoskeleton frames of the Ball-Chair have been designed with octagonal shapes resembling a
circle, for minimizing its volume and weight. Additionally, all its driving parts (including the ball) are
mounted within of the robot to enhance its safety. The Ball-Chair features a reverse ball-mouse driving
mechanism comprising two driving omni-wheels in the x- and y-axes. By controlling the speed of each
omni-wheel, a holonomic driving system that can facilitate omnidirectional locomotion has been achieved
using only two wheels. The effective movement of the Ball-Chair in any direction within narrow indoor
spaces was experimentally verified. The paper outlines the development procedure in detail.
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Table 1 Overall specification of Ball-chair
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. . 540 mm x 540 mm
Dimensions
x 360 mm (890 mm)
Weight 20 kg
1700 mAh, 29.7 V
Battery .
Li-polymer Battery
24 V Maxon DC motor
Actuator
150W x 2
Reduction
APEX PE050 x 2
Gear
Controller dsPIC33FJ128MC804
Rubber Ball
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Fig. 6 The rotating chair mechanism

Omni
wheel

Basket ball
l g

Fig. 7 Mathematical modeling

Omni Wheel DC Motor

(@)
Planetary Reduction Gear Timing-Pulley Belt

Fig. 8 (a) 3D CAD of driving mechanism design
(b) Photograph of driving mechanism design
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Fig. 9 (a) 3D CAD of Ball-chair (b) Photograph of
Ball-chair
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Fig. 10 Control system of Ball-chair
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Table 2 Controller and communication module

Part Main Motor Bluetooth
Controller Controller Module
Photograph
Bluetooth
dsPIC33FJ
Model 128MC804 NT-DC20A Mate
Silver
Manufacturer Microchip NTREX ArtRobot
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Fig. 11 Omni-directional locomotive principle using
a basket ball and dual omni-wheels
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Fig. 12 Block diagram of self-driving mode
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