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Abstract

Highway congestion is a core challenge in urban traffic management. Scientifically opening emer-
gency lanes can effectively alleviate congestion. Traditional decision-making relies on manual ex-
perience and lacks real-time and predictive capabilities. Therefore, this study proposes an intelli-
gent decision-making framework that integrates the Spatial-Temporal Graph Convolutional Net-
work (ST-GCN), the self-attention mechanism, and Proximal Policy Optimization (PPO). Firstly,
YOLOVS is used to extract traffic volume, speed, and density from surveillance videos; secondly, ST-
GCN is constructed to capture the spatio-temporal dependencies of traffic flow, and the self-atten-
tion mechanism is introduced to dynamically calculate node weights; then, a PPO agent is designed,
with traffic state prediction as the input and outputting the optimal decision for opening emergency
lanes; finally, a multi-dimensional evaluation system is established. Experimental results show that
the traffic flow prediction RMSE is 3.83 (traffic volume), 4.21 (speed), and 0.07 (density), the con-
gestion detection accuracy rate is 92.1%, and the precision and accuracy of the emergency lane
opening decision are 70.0% and 87.5% respectively. This study has achieved an end-to-end intelli-
gent framework from state prediction to decision-making, providing scientific decision-making
support for real-time highway congestion management.
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Figure 1. ST-GCN Model
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Figure 2. PPO principle diagram
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Figure 3. Comparative chart of performance improvement of each model relative to the original LSTM
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Figure 4. Comparison of the average delay reduction rate of different models and the utilization rate of emergency lanes
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Figure 6. Prediction results of K parameters
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