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Abstract

To address the core issues of low multi-source heterogeneous data fusion efficiency, delayed dynamic risk response, and
high false positive/negative rates of traditional fire prevention systems for urban rail transit vehicles, and to improve the
accuracy and real-time performance of fire prevention early warning, an intelligent fire prevention technology system

based on deep reinforcement learning (DRL) is proposed. This system constructs a closed-loop architecture of
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"spatiotemporal feature decoupling-dynamic strategy optimization-adaptive learning”, and designs a
dual-stream feature extraction module combining long short-term memory (LSTM) network and 3D
residual network (3D-ResNet) to achieve spatiotemporal correlation modeling of cross-modal data
through the self-attention mechanism. The DRL-FireNet model is developed, introducing a 12-
dimensional dynamic reward function and a 7-level response mechanism driven by the Markov decision
process, while optimizing the deployment of multi-source heterogeneous sensor arrays in the perception
layer and the algorithm lightweight strategy. Experimental results show that under typical fire scenarios
and interference conditions, the fire feature detection accuracy of this technology reaches 97.2%, the false
positive rate is reduced to 8%, the false negative rate to 3%, the emergency response time is shortened to
12 seconds, and the recognition rate of new fire modes such as lithium battery thermal runaway reaches
93.7%. This technology realizes the paradigm shift from passive monitoring to active prevention and
control, providing key technical support and engineering solutions for the intelligent upgrading of fire

prevention systems for rail transit vehicles.
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