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Vehicle trajectory prediction in highway work zones considering
lane topology disruptions

ZHAO Yijing!, ZHANG Min™, WANG Bo?, ZHANG Chi?, NIE Yuhan!
(1. School of Transportation Engineering, Chang’an University, Xi’an 710064, Shaanxi, China; 2.

School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China)
Abstract: To address the limitations of trajectory prediction methods based on fixed lane structure
assumptions in capturing vehicle motion under lane closures and work zone layouts, a vectorized
trajectory prediction model was proposed for highway work zones that explicitly accounts for lane
topology disruptions, named WZ-VectorNet. The historical trajectories of the target vehicle and key
neighboring vehicles, and work-zone lane topology mutation information were unified into a
semantic-labeled vectorized polyline scene graph. Structurally consistent subgraph encoders were
used, and the max pooling was applied to obtain polyline-level representations. Global interaction
modeling was then performed. A residual decoder under a constant-velocity prior was constructed to
output the predicted trajectories. The proposed model was finally validated by unmanned aerial
vehicle (UAV) video data in highway work zones on the Xi’an Ring Expressway. Results show that
WZ-VectorNet achieves the best overall accuracy under lane topology disruption scenarios among
single-modal prediction models, with an average displacement error (ADE) of 0.61 m and a final
displacement error (FDE) of 1.51 m. Lane topology disruption information and constant velocity prior
residual decoding are the main contributors to performance gains. Compared with the model using
vehicle interaction and general lane geometry information, ADE is reduced by about 3.3%. Compared
with relative-displacement residual decoding, ADE and FDE are reduced by about 37.1% and 15.6%,
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respectively. Segment- and lane-level error analyses demonstrate that the main source of trajectory
prediction error is the lead or lag in longitudinal position. This indicates that lane topology disruption
information enables WZ-VectorNet to learn lateral constraint features relatively well. More
pronounced trajectory deviations are observed in the transition area than in the advanced warning
area, reflecting the higher behavioral complexity and uncertainty of vehicles at locations with lane
topology disruptions.
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Fig.1 A framework for vectorized trajectory prediction in work zones considering lane topology disruptions
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