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Design of an Early Warning System for Gas Leakage in Manholes
Based on Multivariate Time-Series Data
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Abstract: To address the issues of high misjudgment rates, response delays, and environmental parameter deficiencies in
traditional single-variable threshold methods for manhole gas leakage monitoring, this study designs an intelligent monitoring
and early warning system based on multivariate time-series data. By constructing a multi-sensor data acquisition terminal, the
system dynamically captures multi-dimensional environmental parameters including methane concentration, temperature, and
atmospheric pressure, establishing a regional manhole gas time-series database. A prediction model based on the Bi-LSTM
network is developed to parallel process multivariate time-series data, leveraging the model's bidirectional feature extraction
capability to capture dynamic correlation characteristics of gas leakage. Experimental results show that the model achieves a
prediction accuracy of 98. 3% on independent test datasets, with the average early warning time advanced by 48. 5 minutes
compared to traditional single-variable threshold methods. Practical engineering applications demonstrate that the system
meets the requirements of multi-node collaborative monitoring for gas leakage in complex urban manhole scenarios, effectively
overcoming environmental interference while achieving high-robustness early warnings. It also supports minute-level real-
time response and large-scale deployment.

Keywords: gas leakage; anomaly detection; Bi-LSTM; multivariate time series; early warning
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