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Abstract: To address the challenge of determining control point locations in the cubic B-spline curve
algorithm for intelligent vehicle lane-change trajectory planning, an optimization method based on NSGA-II
was proposed. Lane-changing trajectories for intelligent vehicles were planned using cubic B-spline curves.
Under low, medium, and high-speed conditions, the NSGA-II multi-objective optimization algorithm was
applied to optimize the control point positions of these trajectories. The optimization focused on two key
objectives, i.e. minimizing the length of lane-changing trajectories and reducing the average curvature of the

trajectories. To verify the feasibility of the optimized trajectory, both simulations and real-vehicle tests were
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conducted. The results show that the mean curvature and trajectory length are reduced after optimization

under three different speed conditions. Specifically, the longitudinal displacement and mean curvature are
reduced by 12.5% and 12%, 12.5% and 40%, 8.3% and 15.4% for low, medium and high speeds, respectively. In

the co-simulation scenario, the optimized trajectory tracking shows a maximum lateral error of less than 0.1 m

under low and medium speeds of 10 m/s and 20 m/s, respectively. At high speed of 30 m/s, the maximum

lateral error remains below 0.3 m. In the real vehicle tests, the maximum lateral error before optimization is

approximately 0.5 m. After optimization, this error is reduced to under 0.4 m, reflecting an improvement of

over 20%.

Keywords: intelligent vehicles; lane-change trajectory planning; NSGA-II; cubic B-spline
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