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Inverted Pendulum as a Mechatronics Educational Tool
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Abstract The inverted pendulum has been reported as an effective application of control theory as a familiar and
unstable multivariable system, but it has not been discussed as a teaching material in mechatronics. This report focuses
on the inverted pendulum as a valuable teaching tool for beginning students to learn mechatronics using real objects.
From the perspective of mechanical design, it addresses the essential method for defining motor specifications, which
is crucial when dealing with mobile systems. From the perspective of control engineering, it presents the inverted
pendulum as a multivariable and unstable system that is difficult to design using PID control, which is the most widely
applied control method in the industrial plants, and demonstrates the PID design based on pole assignment method for
the inverted pendulum. Through learning with real objects, we aim to implement education that enables students to
recognize the differences between theory and practice, understand the fundamentals of various concepts, and develop
the ability to apply in practical situations.
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Figure 1 Schematic diagram of wheel-type inverted pendulum.
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Figure 2 Experimental results of the free oscillation of the pendulum.
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Figure 3  Experimental results of frequency response.
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Figure 6 Wheel-type inverted pendulum using for the experiment.
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Figure 7 Experimental results of step response

for wheel-type inverted pendulum.
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