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ARTICLE INFO ABSTRACT
Article history: This paper describes the design and realization methods of a unicycle robot using
Received 3 April 2018 the CMG (Control Moment Gyro) method that is commonly used in altitude
Revised 21 May 2018 controls of satellites. To cause this robot to keep balancing upright, it is essential
Accepted 31 May 2018 to control the roll and pitch angle of the robot simultaneously. Unlike the reaction
wheel-based roll control of a unicycle robot, CMG method controls gimbals
Keywor ds: which constantly support a rotating rotor to produce the torque necessary to
Single .Wheel robot nullify the roll angle error of the robot. The dynamic model of the robot is derived
Balancing robot using the Euler-Lagrange equation. By separating the equation into roll and pitch
LQR controller dynamics, LQR (Linear Quadratic Regulator) controllers and a state observer are
Control Moment Gyro designed. A series of simulations and experiments are conducted to validate the
performance of the proposed control method. The results demonstrate the
effectiveness of the proposed balancing control algorithm for the CMG-based

unicycle robot.
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Fig. 2 The 3D design of unicycle robot

Table 1 Specifications of a unicycle

Dimensions 300 x 300 x 520 [mm]
Mass 6.91 [kg]
Controller Atmegal28
Battery 11.1v Li-po battery
Sensor IMU 9DOF
Wheel drive motor : DC motor
Motors Rotor drive motor: BLDC motor
Gimbal control motor : DC motor
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Fig. 3 Drawings for designing rotor inertia: (a) front view, (b)
top view through tilted axis n-n’

Table 2 Parameters to determine the moment of inertia

m [kg] | 1 [m] g [m/s’] Qrpm] | 0 [rpm]
6.98 0.261 9.81 10,250 120
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Fig. 4 Coordinate systems for axis: (a) front view, (b) side view
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Table 3 Definitions of parameters

Symbol Descriptions

n Gear ratio of wheel drive
my |Mass of body b

r»  |Distance between the wheel center and body b °

Jyy  |Moment of inertia for body b with respect to g axis ”

vu, Vg |Input voltage of wheel and gimbal drive motor

ow, Pw |Motor constants of wheel drive motor

0g, fe |Motor constants of gimbal drive motor

* b denotes a body from

1: wheel, 2: robot body excluding rotorl/2, 3: rotorl, 4: rotor2,
1: robot body excluding wheel, s: wheel drive shaft, w: wheel
** g denotes an axis from (x, y, z)
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Table 4 Values of parameters

Symbol Values Symbol Values
m 6.913 [kg] Jar 3.092x10* [kg- m?]
> 5.596 [kg] Jay 3.154x10* [kg- m?]
m; 0.552 [kge] Js 3.092x10* [kg- m?]
my 0.552 [kg] Jox 0.0606 [kg- m’]
7 0.075 [m] Iy 0.0424 [kg- m’]
I 0.261 [m] - 6.0616x10™ [kg- m?
s 0.2596 [m] oy 0.0012 [kg- m’]
74 0.2094 [m] 0 10,000 [RPM]
=lp ¢ 5 61"
Vg Roll
LQR dynamics
Robot
Yw Pitch
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Observer

Fig. 5 Block Diagram of roll and pitch control
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Fig. 7 Comparisons of simulation and experimental response of

roll control system

4
— Experiment
— 3 Simulation
W
©
o
g 2
=
=gt
Q@
=]
g
= O
=
o
Af
2 L L A | L L
0 1 2 3 4 L] 6
Time (s)

Fig. 8 Comparison of simulation and experimental response of
pitch control system

Asfe} A ZHo| 243 AFE Blwd T|zo|t), AlEHolX
AME B7 g9 2713 AP 22 2985 7SI
I ATE B T3] S vl 22 035 A= dYFES}
HAYEIL i 42452 QS 00l sk 21 I 4
AL} AFe] A9 Mubz o7 WS L8 58 AT

A2 25E0] A YAl itk IMU AIME SA45= &

Ze 289 TME A MLE T Q) el 2, 9,
2 59 250l W Aol MYHw gk Be
5.2 Tx[H0| ABaol43t A

€ T mdo] Al

A9 AFE Fig. 83 o] 731
L AT AlEdloldal e 9x1Z el 27

EA|019} nRT A 2 AlokE LQRA97]
Hloldz} A 2 tigk

7(4

=
A= Ao

[eIIE=1
e A 722 30852 /PRSI AlEdo)ldd) Ay mE
3EAEY FE19) 125 P AUHE o)F 0% 75k



Ji-Soo Jung, Hee Jae Park

120

Wheel Velocity,  (degrees/s)

0.6

0.5

0.4
Time (s)

02 03 0.7
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method and that by Observer
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