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Abstract

Experimental teaching in automatic control principles faces limitations in hardware resources and
insufficient practical opportunities for students. A blended virtual-physical experimental approach
is proposed. This method combines simulation tools with physical models for teaching automatic
control principles. Matlab/Simulink platforms build a ball-and-beam system model. PID controllers
are designed to achieve stable control. Simulation experiments demonstrate the ball’s dynamic re-
sponse and balancing process. Physical model demonstrations complement the simulations. This
integrated methodology creates blended experimental environments. Teaching practices demon-
strate the approach’s effectiveness in overcoming resource constraints. Students gain repeatable
practice opportunities. Learning engagement and practical skills show significant improvement.
The method proves valuable for enhancing instructional quality in control engineering education.
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Figure 1. Schematic diagram of the ball and beam system
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Figure 2. Motion analysis diagram of the ball and beam system
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Figure 3. Schematic diagram of PID controller
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Figure 4. Simulink simulation module of the ball and beam system
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Figure 5. Visualization interface of the ball and beam system
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Figure 6. Photograph of the ball and beam system
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Figure 7. Control performance of the ball and beam system
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Figure 8. Motion sequence of the ball and beam system
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