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Abstract

The control moment gyroscope(CMG) can be used for essential balancing control of a one-wheeled mobile robot, A single-gimbal
CMG has a simple structure and can supply strong restoring torque against extermnal disturbances, However, the CMG generates
unwanted directional torque also besides the restoring torque; the unwanted directional torque causes instability in the one-wheeled
1obot control system that has high rotational degrees of freeclom, This studly proposes a control system for a one-wheeled mobile
robot by using a CMG scissored pair to eliminate the unwanted directional torque. The well-known LOR control algorithm is
designed for robustness against modeling error in the dynamic motion equations of a one-wheeled robot, Computer simulations
for 3D nonlinear dynamic equations are carried out to verify the proposed control system with the CMG scissored pair and the LOR
contro] algorithms,
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gimbal: (a) 0°, (b) 90 ° , (c) -45 °
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Table 1. Terminology

F  Front CMG

B Back CMG

L Body of the robot

W  Wheel in the bottom of the robot

¢, Roll angle of the body of the robot

¢, Pitch angle of the body of the robot

¢, Yaw angle of the body of the robot

w4, Angular velocity for roll axis of the part A4 for F, B,or W
w4, Angular velocity for pitch axis of the part 4 for £, B,or W
w4, Angular velocity for yaw axis of the part A for F, B, or W
v, Velocity for forward direction of the part A for F, B,or W
Uy, Velocity for left direction of the part A for F, B, or T

v, Velocity for upper direction of the part A for F, B,or W
o Skewed angle of the gimbal of the CMGs

(3 Skewed angle of ¥

{2 Angular velocity of the flywheel

l, Distance between CoM. of W and CoM. of A

I,y Distance between CoM. of0 ¥ and CoM. of the robot

Ry Radius of W

My Mass of A

my; Mass of the robot

» Angular momentum for roll axis for part 4 for F, B,or W
14, Angular momentum for pitch axis for part 4 for F, B,or W
1,4, Angular momentum for yaw axis for part A for F, B, or W
0z Angle of F in the view of center of ¥
05 Angle of Bin the view of center of T&

7, Gimbal motor torque

Tg  Wheel motor torque

z
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Table 3. Maximum angle error and maximum impact
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