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Research on Dynamic Balance Modeling and Triple-Loop PID Control of an

Underactuated Bicycle Robot

Haoxuan Guan, Yuwei Duan, Siqi Li

School of Electronic and Control Engineering, North China Institute of Aerospace Engineering, Langfang , China

Abstract: To address the insufficient dynamic balance control capability of an underactuated bicycle robot, a triple-loop
PID dynamic balance controller is designed in this paper. A dynamic model is established and analyzed using the
Lagrange method to derive the closed-loop transfer relationship among the body tilt angle, flywheel speed, and motor
torque. Based on the dynamic model, a triple-loop PID controller consisting of a speed loop, an angle loop, and an
angular velocity loop is developed. Meanwhile, the stability of the system is analyzed using a small-angle linearized
model. Finally, real-vehicle experiments are carried out to verify the proposed method. The experimental results show
that the triple-loop control method can keep the bicycle robot balanced within a certain tilt-angle range and enable it to
recover stability quickly after external disturbances.

Keywords: underactuated bicycle robot; dynamic balance; reaction flywheel; triple-loop PID; attitude control
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