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Abstract: In this paper, we derive a new type of mathematical model for a two-wheeled balancing robot and propose a controller
implementation method based on the model. In the newly derived model, the acceleration of the robot body is used as the control input
for the system, which provides the advantage of flexible selection of motors used for driving the robot. First, using Lagrangian
dynamics and variable elimination, we derive a new type of mathematical model in which the acceleration of the robot body is the input
to the balancing robot. Second, we propose a balancing control method based on the newly derived model. The structure of the
controller adopts the LQR (Linear Quadratic Regulator) to determine the acceleration required for balancing. The obtained acceleration
is converted to the velocity references of two wheels through integration and transformation. The resultant velocity references are
followed through PI-type velocity controllers. Third, the implementation of the controller and the experimental results are presented.
Two balancing robots are built, one of which adopts DC motors while the other uses step motors for actuation. Control experiments are
conducted to verify the effectiveness of the proposed model and control method. The experimental results are illustrated through a phase
portrait and the pitch angle of the robot and the control performance is analyzed. The proposed model and control method do not require
the electrical coefficients of the adopted motor, thus offering great flexibility in motor selection.
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Fig. 1. The parameters and coordinates of a balancing robot.
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Table 1. Meanings of the parameter used in balancing robot.
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Table 2. Model parameter.

Parameter value

I 0.00785[kg.m*]
1, 0.017[kg.m?]
1, 0.000136 [kg.m?]
1, 0.0000858 [kg.m?]
m, 1.926[kg]
m, 0.134[kg]

l 0.06382[m]

b 0.100575[m]
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