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Stability Analysis of the Time-Delay-Oriented Self-Balancing Vehicle Control System

YI Kuichen, ZENG Hongbing, LIANG Jinming, LI Xinyu
( College of Electrical and Information Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: A research has been conducted on the delay-delay related stability of the self-balancing vehicle control
system. Firstly, by applying Newtonian classical mechanics, a mathematical model of the self-balancing vehicle has
thus been established, providing the instantaneous mechanical balance equation of the self balancing vehicle, followed
by a linearization of the control motor model. On this basis, an overall state-space model of the self-balancing vehicle
system, which incorporates a PID controller with transmission delay taken into consideration, has been established.
Using the Lyapunov-Krasovskii (L-K) functional method and a generalized free matrix integral inequality technique,
a delay-dependent stability criterion is established for an assessment of delay stability margin of the system. Then,
based on the given stability criteria, by using the linear matrix inequality (LMI) toolbox in Matlab, a research has been
conducted on the influence of speed loop PID parameters on the time delay stability margin of the self-balancing vehicle
control system. Finally, the validity of the proposed system stability criterion is verified through simulation experiments.
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Fig.4 Block diagram of the self-balancing vehicle control system
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Table 2 Delay stability margin for different PI gains
(with =0 constant time delay and ¢=0.5 time-varying delay)
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