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Adaptive LQR Intelligent Vehicle Path Tracking Control Method Considering Time-varying
Parameters
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2 School of Software, Henan Polytechnic University,Jiaozuo, Henan 454000, China

3 Zhengzhou Beidou High Precision Positioning and Timing Engineering Technology Research Center,Zhengzhou 450000, China

Abstract To solve the problem of vehicle tracking accuracy and stability degradation caused by model uncertainty resulting from
tire cornering stiffness perturbation in the tracking process of intelligent vehicles, this paper proposes a tracking control method
for intelligent vehicles considering the time-varying characteristics of tire cornering stiffness. Firstly, the tire lateral force estima-
tor is established based on the improved set membership filter algorithm and the two-track dynamic model. The adaptive update
rule of tire cornering stiffness is designed by using the difference between the calculated value and the estimated value of the tire
lateral force model. Secondly, the real-time updated tire cornering stiffness is used to solve the real-time optimal front wheel an-
gle,and then an ALQR intelligent vehicle tracking controller with adaptive tire cornering stiffness is proposed. The results of
CarSim and Simulink co-simulation and hardware-in-the-loop simulation show that the proposed ALQR controller improves the
tracking accuracy by 65. 867 % on average compared with LQR under the condition of high and low road adhesion coefficient. In
particular, the LQR controller ignores the significant decline in tracking performance caused by changes in tire stiffness on low-
adhesion roads. The proposed ALQR controller can solve the optimal front wheel angle in real time through real-time updated tire
cornering stiffness to ensure vehicle tracking accuracy and stability. The tracking ALQR control method of intelligent vehicle con-
sidering real-time tire cornering stiffness proposed in this paper has good applicability.

Keywords Intelligent vehicle, Path following control, Lateral force estimation, Tire cornering stiffness, LQR, Hardware-in-the-
loop(HIL)
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