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Path following control of intelligent vehicles based on
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Abstract: Path following control is a crucial technology for intelligent vehicles, and the control accuracy and the
robustness under various road adhesive conditions are two key elements of this technology. However, the accuracy
and the robustness are hard to be achieved simultaneously owing to the uncertainties in a vehicle dynamics model,

especially the perturbation of tire cornering stiffness. To deal with the uncertainties, a multi-model adaptive
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method is introduced in this study. Firstly, the basic theory of the method is derived, and the adaptive law of each
vertex sub-model to the real model is proposed, with its convergence proved by the Lyapunov theory. Then, a
vehicle dynamics model and a vehicle-road combined model are built, and the convex polyhedron including all
possible perturbation of tire cornering stiffness is established with multiple sub-models. The adaptive law is
derived according to the vehicle dynamics model, and the feedback controller of the sub-model in each vertex is
derived by the linear quadratic regulator (LQR) method based on the vehicle-road combined model. Simulation
results show that the proposed controller can not only ensure the robustness, but also overcome the conservative
problem of previous robust methods, achieving excellent performance under various road conditions. Finally, a
rapid prototyping test platform is established for further evaluation. Results show that the proposed algorithm has
excellent real-time performance, suggesting an excellent potential of its engineering application.

Keywords: intelligent vehicle; vehicle dynamics; path following control; model uncertainties; multi-model
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Table 2 Deviations of path following

I A1) A 2 4 75 KRAA U 162 £ O 22 149 7 AR fE
1+ Y 3 i T 6K B 5 B v FIXS HEAE /% 1 et ER BRY 5 B v HIXF HLAE /%
MMAC 0.006 8 0.026 0 26.15 0.349 4 0.3645 95.86
LQR 0.0235 0.047 8 49.16 0.446 1 1.186 3 37.60

RGC 0.0256 0.0375 68.27 0.461 7 0.436 3 108.80
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gR2
8 16) it 22 fe KA i 1) 3 A 22 foe K AR
e GLEER] 6K B 25 B X He AE /% 1 S 26 B o EK B 3 B 1 HEXS LEAE/%
MMAC 0.018 8 0.1109 16.95 1.116 5 1.206 2 92.56
LQR 0.070 2 0.216 6 32.41 1.436 3 6.189 7 23.21
RGC 0.074 5 0.154 1 48.34 1.466 3 1.429 3 102.59
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Table 3 Deviations of side slip angle of the vehicle

ol 55 JBC 0 i 73 349 7 AR AL R E R SN
ra AT BT (REE A B E AXT PUE/% R BRI ARRRAT B AR HE B %
MMAC 0.0453 0.1852 24.46 0.162 6 1.169 3 13.91
LQR 0.047 2 0.934 7 5.05 0.1709 5.1553 3.34
RGC 0.046 8 0.181 6 25.77 0.1658 11325 14.64
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Fig. 14 Path following deviation results
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