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Abstract The ball balancer system is a representative demonstration device in the robot balancing
research field. The system consists of a table, a ball, a sensor that detects the ball's position, and a
Rotary Servo Base Unit (RSBU) that adjusts the inclination of the table. This paper proposes modeling
and parameter estimation methods that determine the ball's position and stabilize the table. Equations
of motion were derived, and the voltage applied to the servo motor and the ball position was expressed
as a transfer function. The parameters of the transfer function were determined using a model
adjustment technique that combined the Real Coded Genetic Algorithm (RCGA) with actual RSBU
input-output data. For comparative purposes, step response and frequency response methods were also
employed, and the superiority of the proposed method was validated using Integral of Absolute Error
(IAE) comparisons. The proposed method is expected to be used for modeling processes even in the

industrial field.
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Fig. 1. Experimental apparatus of 2DOF ball balancer
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Fig. 2. Modeling ball on table in one dimension
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where, m, denotes mass of the ball, g denotes
gravitational acceleration, « denotes ball displacement,
1, denotes radius of the ball, a denotes angle
between table and ground, J, denotes moment of

inertia
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where, r,,.,, denotes distance between RSBU output
gear shaft and coupled joint, Z,,, denotes table

length
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Fig. 3. Configuration of servo motor and gear train
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where, V,, denotes motor input voltage, Z,, denotes
motor current, k, denotes back-emf constant of
the motor, w,, denotes angular speed of the

motor shaft
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where, J; denotes moment of inertia of the load

gear, w; denotes angular speed of load shaft, B,

denotes viscous friction coefficient on the load

shaft, 7; denotes total torque applied on the load,
n, denotes gearbox efficiency, A denotes total
gear ratio, 7,, denotes load torque including all

losses of the servomotor except viscous friction
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