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Abstract

Addressing the increasingly severe issue of urban traffic congestion, this study analyzes the tem-
poral-spatial evolution characteristics of traffic congestion and reveals the limitations of traditional
prediction methods in handling complex spatiotemporal correlations. A prediction model based on
Spatiotemporal Graph Neural Networks (STGNNs) is constructed, which abstracts the traffic road
network into a dynamic graph structure. A multi-scale spatiotemporal feature extraction and fusion
mechanism is designed to effectively capture the spatiotemporal dependencies of traffic flow. Ex-
perimental validation on multiple real-world datasets demonstrates that the proposed model sig-
nificantly outperforms traditional methods in both prediction accuracy and stability. Based on the
prediction results, a dynamic route guidance mechanism and a coordinated traffic signal control
strategy are developed, achieving closed-loop management from prediction to congestion mitiga-
tion. The deployment of a prototype system in a real-world urban scenario proves the significant
practical value of this research in alleviating traffic congestion and enhancing road utilization effi-
ciency.
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Figure 1. The spatiotemporal evolution and propagation path of urban traffic congestion
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Table 1. Error data of existing prediction methods
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Figure 2. Comparison chart of various indicators before and after
optimization
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