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Abstract .

detection, and limited precision in traditional laboratory safety systems, this study presented a multi-sensor

To address the challenges of complex data environments, low accuracy of single-sensor

fusion early warning model based on an ISBOA and algorithm KELM. First, the KELM framework was
employed to integrate heterogeneous sensor data and construct the warning model, where a regularization
term was introduced to alleviate overfitting. Then, the improved ISBOA adaptively optimized the
regularization coefficient C and kernel parametero of the KELM, thereby enhancing parameter robustness
and diagnostic accuracy. Finally, simulation and experimental analyses were conducted using both
synthetic and real laboratory datasets, and the proposed ISBOA-KELM model was compared with the
unimproved Secretary Bird Optimization Algorithm ( SBOA), Particle Swarm Optimization (PSO), and
Gray Wolf Optimization (GWO) algorithms. The experimental results show that the ISBOA-KELM model
improved accuracy by 4%, 3%, and 2%, respectively, compared with the other three models. In four
representative laboratory safety scenarios, including fire and gas leakage, the detection accuracy exceeds

96% with the false negative rate below 6% , which significantly improves the reliability and robustness of
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safety accident early warning.
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