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Lane-change overtaking planning based on multi-mode
trajectory and vehicle velocity adaptation

ZHANG Bincen', GAO Xiujing"?, HONG Hanchi"?, ZENG Fangzheng', HUANG Wenyin'
(1. Mechanical and Automotive Engineering, Xiamen University of Technology, Xiamen 361024, China;
2. Fujian Collaborative Innovation Center for R&D of Coach and Special Vehicle, Xiamen 361024, China)

Abstract; Aiming at the problem of single trajectory mode and velocity strategy of intelligent vehicle lane-
change overtaking, a safe, efficient, multi-mode trajectory and velocity adaptive planning scheme for lane
changing and overtaking was proposed. By establishing a three-stage lane-change overtaking model with adjust-
able parameters, a quintic polynomial was used to design a lane-changing trajectory fitting algorithm, and with
safety as the requirement, the edge conditions of rollover constraints and collision constraints were designed.
Based on the multi-objective optimization function, the multi-mode trajectory optimization was carried out, and
the solution set space of different modes of lane-changing trajectories was obtained, and the velocity adaptive
planning was designed based on the time of overtaking phase. A simulation test was constructed using MAT-
LAB/Simulink. Results show that the planning scheme can output three modes ( efficiency mode, comfort
mode and comprehensive mode) lane-change overtaking trajectories in the full velocity range and under the
constraints of safety conditions, and the output trajectory characteristics are stable. At the same time, adaptive
velocity planning can significantly improve the overtaking efficiency when the relative velocity of the two vehi-
cles is small.

Keywords : automotive engineering; lane-change overtaking model ; multi-mode trajectory planning; constraint

conditions ; adaptive velocity planning
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Fig.1 Overall model of three—stage lane—change overtaking
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Fig.2 Modeling results at each stage
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Fig.3 Vehicle coordinate system
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Fig.6 Trajectory optimization results
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Tab.2 Comparison of experimental results with and
without adaptive velocity planning under different vehicle

velocity in comprehensive mode (w,/w,=0.94)

Umo/(m ° 571) v(,()/(m . 571) ty/s /s v,,/(m - 571)

5 4.75 33.43 331 7.34
10 9.50 15.07 2.84 12.00
15 14.25 9.90 2.61 16.84
20 19.20 9.16 2.54 21.80
25 24.00 6.84 229 26.61
30 28.80 529  2.04 31.44
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Tab.3 Numerical simulation results of efficiency mode

W,/ 0, Vyo/ (m = s7") v/ (m = s7") S,/ m —e P/ M a,(t;)/(m s7)
5 49.58 4.96
10 3.38x107?
9.5 91.28 8.19
10 99.30 4.96
2.55 20 8.60x107° 3.34
19.2 162.35 7.74
15 148.88 4.96
30 3.80x1073
28.8 220.99 7.18
5 41.6 4.16
10 4.80x1072
9.5 84.86 7.57
10 83.16 4.16
4.15 20 1.22x1072 4.90
19.2 150.08 7.13
15 124.79 4.16
30 5.40x107°
28.8 203.37 6.59
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Tab.4 Numerical simulation results of comfort mode

w,/w, v,/ (m+s™") v/ (m-s") S,./m Lo’ P/ M a,(t;)/(m + s7?)
5 194.00 19.40
10 2.30x1073
9.5 213.93 20.58
10 388.03 19.40
0 20 5.64x107 0.23
19.2 444.20 22.21
15 582.30 19.40
30 2.50x107*
28.8 582.30 19.40
5 86.84 8.68
10 1.10x1072
9.5 123.07 11.27
10 173.55 8.68
0.4 20 2.80x107° 1.13
19.2 219.42 10.61
15 260.35 8.68
30 1.30x107°

28.8 314.14 10.28
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Tab.5 Numerical simulation results of comprehensive mode

w,/w, v,/ (m+s™") v/ (m-s") S,/m (A P/ M a,(t,)/(m - s7)
5 72.04 7.20
10 1.63x1072
9.5 109.20 9.95
10 143.98 7.20
0.8 20 4.10x107° 1.64
19.2 201.76 9.67
15 216.00 7.20
30 1.80x10°°
28.8 280.77 9.15
5 68.15 6.82
10 1.81x1072
9.5 106.25 9.66
10 136.40 6.82
0.94 20 4.50x107° 1.82
19.2 195.62 9.36
15 204.63 6.82
30 2.00x107?
28.8 272.18 8.86
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Fig.8 Information about lane—changing overtaking trajectory
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