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Balancing Control of a Ball Robot Based on an Inverted Pendulum
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(Seok-Won Kang', Chan-Ik Park', Gyu-Ho Byun', and Jang-Myung Lee?)

'Department of Interdisciplinary Program in Robotics, Pusan National University

2School of Electronic Engineering, Pusan National University

Abstract: This paper proposes a new ball robot which has a four axis structure and four motors that directly actuate the ball to move
or to maintain the balance of the robot. For the Balancing control, it is possible to use non-model-based controller to control simply
without complex formula. All the gains of the controller are heuristically adjusted during the experiments. The tilt angle is measured
by IMU sensors, which is used to generate the control input of the roll and pitch controller to make the tilt angle zero. The
performance of the designed control system has been verified through the real experiments with the developed ball robot.
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Fig. 1. Types of ball robots.



Balancing Control of a Ball Robot Based on an Inverted Pendulum 835

ol

23S Wheelo] A5, 392 9153k Qo] ba e
AAZ 913 Pitch & Roll Aloj7} Zasit} H2 ]

23e] ek Apleh £ A Slsko]

H5ol ANETe). 25l #3E W) Sl ez
= Inverted PendulumE ©]&3fo] AojE= W79
Reaction Wheel pendulum®} ©]2]2] ¥ o] ¢JtH10-13]. 3FA|RF
olglgk Fefle] AloPols itk Hulgy £AS de

pal

3}
<&

= H
28 YUl 4% 3 2R PLAGS. AT T 2R
B2He o] e gl v 2 e Aelr|E ol 3

1. ZH2
E A Me & 22X 595t mds AATH14]. 5
gt RS Matlab SimulinkZ ©]-&3lo] AlEdolAd dl%lon,

o
A 3 zate] aleslo] B A8 A 919 AHEE)
98t 28 913 Lagrange Equation & ARE-
52 Inverted Pendulum 7 7I7}F 3331 &)

a3 29 7E‘°1 2R HH 5 A L2 FxnF e
TAHleA AFgFA7A 9] A M. R, = 33ntF)e] wiAE
6 = B9 W%%f] w £ 229 Pitch % 3719
£ vtk me Fdue B M 2REA A9
v 3.

ARlA sdui] SA7A A F, Aol A
T M A A F

P=Ri+ROj 0]
=(R+Lcosy)i +(RO+ Lsiny) j )

ot} AAHEE o] &7 A LFolUA T vt 2k

i
L LY
o A M,JV,
—_ 1] ’v‘ gm -
T At S e
g iR m,J,,
5 : =
RO

OF 2. F 2R R
Fig. 2. Modeling of ball robot.
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Table 1. A value of symbol used in dynamic equation.

Symbol Value

m 1.92 [kg]

M 2.695 [kg]

R 0.068 [m]

L 0.17[m]

G 9.81[m/s%]

I, 0.1307 [kg m*]
J, 0.0389 [kg m*]
I 0.0001 [kg m*]

0.3 Angle(Degree)

0 300 600 900
Time(ms)
T 3. AlEEel A A

Fig. 3. Result of simulation.
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Table 3. Part used in the ball robot.

A ZA 1
Wheel Rota caster Omni Wheel
MCU TI L.M3S8962
1G-32PGM
DC Motor D& JWITH OITYPE 1/14
Motor Drive NTREX NT-DC20A
Pitch, Roll Sensor NTREX NT-ARS V1
Bluetooth COMFILE ACODE-300
JET VARSITY
Basket Ball WILSON WTB17170

Roll Axis

a9 7. Bl & 2Rl SR
Fig. 7. Top side view of decomposed ball robot.
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