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Design of a Controller to Overcome Air Ball in the Ball-on-plate System
Applied to a Shelf Cart
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A ball-on-plate system is a mechanical control system for measuring the position of a ball placed on a touch panel and
controlling the ball to move to a desired position. This system has been applied to a shelf cart. A hole was made in the
center of the top shelf of the cart with a ball-on-plate system installed, allowing objects to be placed on the plate. The cart
equipped with this system is named a "level-maintaining shelf cart". When external disturbances act on the cart, the ball-
on-plate system ensures that the plate remains level, preventing objects on the plate from sliding or toppling. However,
when the cart passes over uneven surfaces or experiences disturbances with acceleration beyond the system's allowable
limits, the ball on the touch panel may detach, resulting in an "air ball" state, in which the system cannot measure the
position of the ball, leading to instability. To address the air ball state, a compensator consisting of a closed-loop observer
and full-state feedback for the ball-on-plate system is designed. A model for the closed-loop observer was created by
modeling the ball-on-plate system. Experiments confirmed that the system could maintain stable control even in an air ball

state.
Manuscript received: December 20, 2024 / Revised: January 23, 2025 / Accepted: March 4, 2025
This paper was presented at KSPE Autumn Conference in 2024
1. N2
NOMENCLATURE

m = Mass of a Ball B2 AN PRAT AolE ANHOR fAFE RS
r = Radius of a Ball Ay 71A W Ao A" A A 7 A A= 2}
¢p. = X-axis Rotation Angle of a Ball a1 Qi) o]lgjst QLS =3517] st A]AHISZ Ball-on-
¢By= Y-axis Rotation Angle of a Ball plate A]AE]o] Qit}. o] A|AHIL ERijdS Hulow &8s}
6. = X-axis Rotation Angle of a Plate o] &9 9= AWsHA A5 T, LS Uk Y= o)
9y = Y—axi§ Rotation Angle of a Plate A 7)e At Qo] WAUZS ALslc) Eb|, o] A|AHL
fs = Rotation Force of a Ball T8 54 9 PRt MAUZ FEoA AT A B
Xp = X-ax.ls Posiltllon of a Ball 2w tjoFst 28 Mol 883k 2= 9T}
yp = Y-axis Position of a Ball
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Fig. 1 The schematic diagram of a ball-on-plate system

Fig. 2 The free body diagram of a ball-on-plate system
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Fig. 3 The balancing control scheme, which is composed of a
closed-loop observer and full-state feedback, for the ball-on-
plate system
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Fig. 4 Design of a ball-on-plate balancing system. The customized
universal joint is in the center of a cross frame with a 17
touch panel and two servo motors are located on the
cartesian coordinates

Fig. 6 The Li-Po battery pack with a battery manage system:
5000 mAh, 11.1V
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Fig. 7 The balancing cart with the ball-on-plate system positioned
on a top of the cart
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Fig. 9 Estimated positions of the ball on the X-axis and Y-axis
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Fig. 10 Measured positions of the ball on the X-axis and Y-axis
sjdel felve] Z|W Selvh SAEIh webA oY F2S
2

o¥al7] olgt Alxgle] o] Wasti, 7lee] oE
2 Ball-on-plate®] o} % H-40] @ asjrt.

o
M
rhu

2 AtollA+= Ball-on-plate A|AFE AIRE 71E0f| Ststod
ot el a2 Q1% MY BAIE siEs] Sl HATE
A H R B57)eF A dEmoR S H BT

£ Bl ool AHelAE Asse PPAS §AT 4 9
2 AgH o dFsiarh

W AT Y §A A SHES ARFYo| HsotEs
A Agolct hEo] ue Bge] gl 27Ho} A )

= AASIL BEE ARESHe] 2719 =3 vl E AZSE ot
5, v S5 AlolE Bl 1EF BEQ] o s
Qw2 & Aot} 181 7hi|ele} glolch MAZ Balslo] o
ARG vigoR sfErL AR gHolEA BRAYS o}
7 4 Es A7 Agolt).

ACKNOWLEDGEMENT

H I A(EIE )= 20249 S50 AQPo g skt LA)
o] A ot 3l XA it F=7IRE A HEAl AR
©] AR th(No. 2021RIS-001(1345370811)).

REFERENCES

1. Awtar, S., Bernard, C., Boklund, N., Master, A., Ueda, D., Craig,
K., (2002), Mechatronic design of a ball-on-plate balancing
system, Mechatronics, 12(2), 217-228.



306 / April 2025

Park, S., (2024), Development and application of a ball-on-plate
balancing system, Journal of the Korean Society for Precision
Engineering, 41(3), 215-222.

Lefrouni, K., Taibi, S., (2024), State-feedback control of ball-
plate system: geometric approach, International Journal of
Advanced Computer Science and Applications, 15(3), 968-974.

Mija, S., (2024), Multiswitching surface based sliding mode
controller for a class of underactuated nonlinear systems: With
application to ball and plate system, IEEE Transactions on
Industrial Electronics, 71(9), 11326-11337.

Wang, H., Tian, Y., Ding, C., Gu, Q., Guo, F., (2008), Output
Regulation of the Ball and Plate System with a Nonlinear
Velocity Observer, Proceedings of the World Congress on
Intelligent Control and Automation (WCICA), 2164-2169.

Lee, K., Batz, G, Wollherr, D., (2008), Basketball robot: Ball-
On-Plate with pure haptic information, Proceedings of the 2008
IEEE International Conference on Robotics and Automation,
2410-2415.

Shin, S., Park, S., (2024), The design of a compensator for the
ball-on-plate system applied to a shelf cart, Proceedings of KSPE
2024 Autumn Conference, 324-324.

Zarzycki, K., Lawrynczuk, M., (2021), Fast real-time model
predictive control for a ball-on-plate process, Sensors, 21(12),
3959.

Sangsin Park

Assistant Professor in the Department of
Mechanical Engineering, Korea National
University of Transportation. His research
interests are legged robots, robot design, and
control.

Web: www.nextlab.one

E-mail: spark@ut.ac.kr




	Design of a Controller to Overcome Air Ball in the Ball-on-plate System Applied to a Shelf Cart
	1. 서론
	2. Ball-on-plate 시스템의 제어기 설계
	3. Ball-on-plate 시스템을 활용한 수평유지 카트
	4. 실험 결과
	5. 논의
	6. 결론
	REFERENCES


