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Coupled longitudinal and lateral control for
lane keeping in intelligent transportation systems

REN Dian-bo!, ZHANG Jing-ming!, CUI Sheng-min', ZHANG Ji-ye?
(1. School of Automotive Engineering, Harbin Institute of Technology at Weihai, Weihai Shandong 264209, China;
2. State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu Sichuan 610031, China)

Abstract: Considering the coupling effects between the longitudinal vehicle dynamics and the lateral vehicle dynamics,
based on the look-ahead scheme and the constant spacing vehicle following policy, we study the problem of integrated
longitudinal and lateral control for lane keeping of vehicles platoon in automated highway systems. Assuming that the
lateral displacement offset can be measured with two sensors located at the front bumper and tail bumper, from the coupled
longitudinal and lateral dynamic model of vehicle, the look-ahead control system model of vehicles platoon for lane keeping
is derived. By applying nonsingular terminal sliding mode technology, the integrated longitudinal and lateral control law
for lane keeping is designed. Based on Lyapunov function method, the finite-time convergence property of the system is
obtained from the phase-plane analysis. A platoon of six vehicles is used to test the performance of the proposed control law
by computer simulation. Simulation results illustrate good track performance for lane keeping and longitudinal following

of vehicles in a platoon, and the lateral tracking error is not more than 0.05 m.
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Table 1 Vehicle parameters

i ml 1,/ lg/ I/ Ct/ Cy/
kg (kg-mz) m m (kNrad™!) (kN-rad™!)

1 2000 3150 1.33 1.26 80 80

2 1800 3050 1.3 1.2 60 70

31850 2920 1.2 1.3 65 65

41900 3120 13 14 70 75

52100 3250 14 1.3 70 80
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Table 2 Initial values of vehicle states

ioxl vyl vyl b Yl el
m (msH m (msY rad tads™h) m

0 128 25 — —_- — — —
1 114 255 02 0 0 0 1

2995 248 0.1 0 0 0 0.5
3852 245 0.05 0 0 0 0.7
4 70 24 -0.1 0 0 0 -0.2
5545 235 -02 0 0 0 -0.5

k3 A
Table 3 Control parameters

g g p1 p2 & S a B

3 3 5.5 05 05 2 2
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Table 4 Control parameters (continued)

pr w1 k1l op2 @2 ke D2

04 13 3 5 2 25 3 5
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L 0, 22 <t <30
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