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Figure 1 Positional relationship between ego vehicle
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Figure 2 Positional relationship between ego vehicle
M and front vehicle TF
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Figure 3 Positional relationship between ego vehicle

M and front vehicle TF after lane-changing completion
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Figure 4 Positional relationship between ego vehicle

M and rear vehicle TR ( Scene 1)
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Figure 6 Positional relationship between ego vehicle

M and rear vehicle TR ( Scene 3)
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Figure 8 Lane-changing trajectories for different
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Figure 12 Simulation results of lane-changing constraint model
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Figure 14 Vehicle-in-the-Loop experiment results
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Multi-objective Constrained Lane-changing Decision-making for Autonomous Vehicles

LIN Guoqging" *, QIN Yu'’, ZHANG Chuanfei*, XIONG Haocheng" *, GUO Yan''?

(1. School of Energy and Electrical Engineering, Chang’an University, Xi'an 710064, China; 2. Xi’an Key Laboratory of Advanced
Transport Power Machinery, Chang’an University, Xi’an 710064, China; 3. Shaanxi Fast Gear Co. , Ltd. , Xi'an 710077, China; 4.
China National Heavy Duty Truck Group Automotive Research Institute, Jinan 250101, China)

Abstract: To achieve safe and efficient lane-changing of autonomous vehicles in complex traffic environments, a
lane-changing strategy based on multi-objective constraints was proposed. Driving dissatisfaction was decomposed
into speed dissatisfaction and space dissatisfaction, which was used to evaluate the current lane condition and gen-
erate lane-changing intentions. A lane evaluation function was established to quantitatively assess candidate lanes
and determine the optimal target lane. In conjunction with the intelligent connected environment, constraint checks
were conducted from the perspectives of legality, safety, and altruism, and lane-changing was executed only when
all constraints were satisfied. A quintic polynomial was employed for lane-changing trajectory planning, and effi-
ciency and comfort weights were introduced to balance lane-changing efficiency and ride comfort. Results from Car-
Sim-Simulink co-simulation and Vehicle-in-the-Loop experiments demonstrated that the proposed lane-changing
strategy could meet multi-objective constraint requirements and achieve stable and reliable lane-changing decision-
making and execution. Specifically, the maximum yaw angle was 3.45°, the maximum lateral acceleration was
1.31 m/s’, and the maximum trajectory tracking errors were 0. 020 m in the lateral direction and 0. 012 m in the
longitudinal direction. These results verified that the proposed decision-making model could achieve precise lane-
changing control with satisfactory performance.

Keywords: autonomous vehicles; multi-objective constraints; lane-changing decision-making; trajectory planning;

simulation analysis; Vehicle-in-the-Loop experiments
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