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Research on balancing and driving of unicycle robot based on linear
quadratic optimal PID control

Miao Wennan, Liu Chaoshan, Cao Naochang, Li Jiading

(' School of Electronic & Information Engineering, Guangzhou City University of Technology, Guangzhou 510800, China )

Abstract: To address the problems of strong coupling, nonlinearity, and model uncertainty in the balancing and driving control of a dual-
inertia flywheel unicycle robot, a control scheme based on linear quadratic optimal PID control is proposed. A state-space mathematical
model of the unicycle robot covering the roll, pitch, and yaw channels is first established, and linear decoupling is performed near the
equilibrium point to provide a theoretical model for controller design. On this basis, a linear quadratic optimal PID controller is designed by
combining the structural advantages of PID control with the optimal solution capability of a linear quadratic regulator. Optimal feedback
gains are obtained by solving the Riccati equation to achieve coordinated control of multi-degree-of-freedom attitude and position. In the
simulation stage, the step response and disturbance rejection performance of a conventional PID controller and the proposed controller are
compared. Results show that the optimized controller significantly reduces overshoot and shortens settling time. Finally, a dual-flywheel
prototype with an STM32 microcontroller is built, and experiments including static self-balancing, straight-line trajectory, and S-curve
trajectory tracking are conducted. Measured data show that the prototype can converge to an upright steady state within about 2 s, quickly
return to balance after an external disturbance is applied, and maintain attitude fluctuations within a safe range during dynamic driving,
demonstrating favorable robustness and trajectory tracking capability. This scheme provides a feasible theoretical basis and engineering
reference for stable control of strongly coupled underactuated robots.
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Fig. 1 3D model of the dual-inertia flywheel unicycle robot
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Fig.2 Mathematical model of the unicycle robot
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Tab. 1 Relevant parameters and their meanings of the unicycle robot
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Fig.3  Controller design diagram of the unicycle robot system
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Tab.2 Mechanical structure parameters of the robot
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Fig. 4 Self-balancing simulation response curves

of the unicycle robot
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Tab.3 Simulation test results of the two controllers
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Fig.5 Experimental prototype of the unicycle robot
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Fig. 6  Self-balancing test response curves
of the experimental prototype
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