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( Implementation of Single-Wheeled Robots : GYROBO )
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Abstract

In this paper, a single-wheeled robot called GYROBO is built and its hardware is implemented. The single-wheeled
robot is similar to a rolling disk relying on gyroscopic motions to maintain its balance. The GYROBO consists of three
actuators: a spin motor, a tilt motor, and a drive motor. The spin motor spins a flywheel at a high rate so that it
provides the balancing stability to upright the robot. The tilt motor controls steering of the robot by gyroscopic effect.
The drive motor makes forward accelerated motion to the robot. Several models are designed. Experimental works of the
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GYROBO to turn and move forward have been presented.
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Fig. 1. Coordinates of GYROBO.
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Table 1. Model parameters.

a, 0, wheel? Z#}0]8 9] precession angle
J¢; wheel?] lean angle
By E}ol B9 tilt angle
Y5 wheel?} Z-2o]89] spin angle
m wheel?t Zeto]8e 74
R wheel®] HHA &

Ly Ly I, | ZH300 3 wheel®) ¥4
Ll Ly | 2% tig Zete)de] 4

Uy, Ug 5 U, | drive torque, tilt torque, spin torque

C
R = R(z,a)R(xa ,90— ,B)R(za,O)

cosa —sinasinf sinacosf
ROC= sina cosasinf —cosacosf 1)
0 cos 3 sing

BZHPY oo dAEE (jkieh X A
2,9 @9 {yvwie #AE g3 2o

1 U
j ZRg v 2
k w
A 7)A,
= (cosa)i+ (sinB)j
v= (—sinasinf)i+ (cosasinB)j+ (cos B)k
w = (cosasinf)i— (cosacos B)j+ (sinB)k
2.2 Velocity constraints
CHIA && v, & &3 Zo] 78 & itk
V.= Uy twpXHyo 3

Zt AR E Uk 9T 2

0= Xi+ Yij+ Zk+ (Ry)u+ (RasinB)u+ (RB)w
(4)

A @ HQE dYdste ¢, 5, k2 AHYsd

X, Y, zd tig A 27 33 4 qlo

X+ Ri3sinacos B+ R(y+ asinB)coso = 0

Y~ RBcosacos B+ R(y+ asinB)sina =0 )

Z+ RBsinB=0
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3. USART 88
Fig. 3. USART Block Diagram.
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Fig. 6. GYROBO made of bicycle wheel.
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