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Table 1~ Performance comparison between ST-Trans and base-
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Table 2 Impacts of diverse function modules to the perfor-

mance of ST-Trans

F3 AR SEOT ST-Trans PERER
Table 3 Impacts of diverse hyperparameters on the perfor-

mance of ST-Trans

FELAY MAE RMSE ACC/%
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Fig. 4  Convergence curves of ST-Trans at different learning rates
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Predictive Motion Planning for Intelligent Connected Vehicles
Based on Transformer Architecture

LI Anran'?*  PAN Yuyan® XU Zhenlin* GAO Bolin® LI Yongxing' YU Hongsheng® CHEN Yanyan'

(1. College of Metropolitan Transportation, Beijing University of Technology, Beijing 100124, China; 2. School of Vehicle and
Mobility, Tsinghua University, Beijing 100084, China; 3. Department of Civil and Environmental Engineering, Pennsylvania
State University, PA 16802, USA; 4. Faculty of Civil Engineering and Geosciences, Delft University of Technology, Delft 2826 CN,
Netherlands; 5. Institute of Electronic Computing Technology, China Railway Academy Group Co. , Lid. , Beijing 100081, China)

Abstract: Efficient and safe motion planning for intelligent connected vehicles in complex traffic scenarios re-
mains a pivotal challenge in the field of autonomous driving. This research proposed ST-Trans traffic prediction
model based on the Transformer architecture and developed a predictive motion planner for intelligent connected ve-
hicles leveraging ST-Trans. The ST-Trans model utilizes the Transformer architecture to mine spatial-temporal evo-
lution patterns from real-time vehicle data and lane segment structural information provided by dynamic high-
definition maps, thereby predicting future traffic states of lane segments. It further enhances prediction accuracy by
incorporating lane segment connectivity and intersection signal phase information. The model adopts an encoder-
decoder framework, where a lane encoder fuses vehicle and lane features, a road encoder models dynamic topologi-
cal relationships, and a decoder iteratively generates future traffic state sequences. Experimental results demon-
strate that ST-Trans outperforms the optimal baseline model by 12.2%, 12. 1%, and 3. 55 percentage points in
terms of mean absolute error(MAE), root mean square error(RMSE), and accuracy, respectively. Based on the pre-
dictions from ST-Trans, the proposed predictive motion planner employs a two-layer structure. The lower-layer path
planner dynamically selects target points and integrates dynamic programming with quadratic programming to gene-
rate smooth paths. The upper-layer speed planner constructs spatio-temporal corridors to compress the solution
space and similarly combines dynamic programming and quadratic programming to generate safe efficient, and com-
fortable speed profiles. This structure significantly reduces the computational complexity of the motion planning
task. Simulation experiments were conducted using SUMO and CARLA to evaluate the predictive motion planner.
The results indicate that the ST-Trans-based predictive motion planner successfully implements predictive path and
speed planning, and outperforms traditional motion planners in terms of safety, efficiency, comfort, and computa-
tional speed. The experiments verify that the proposed method effectively shortens the duration of high-risk states,
improves traffic throughput and maintains low computational latency.
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