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Fire gas detection method based on GA-BP neural network and FPGA
Boyi Wang Weibin Pan Chenlu Yan Jiawen Wei
Guangdong Power Grid Co., LTD. Dongguan Power Supply Bureau

Jianxin Deng

[Abstract] In response to the problems of traditional BP neural networks in early fire gas detection, such as easy
to fall into local optima and slow convergence speed, this paper proposes a BP neural network model optimized
by genetic algorithm, and implements high—speed calculation based on the FPGA hardware platform, which
improves the accuracy and real—time performance of the fire gas detection system. Firstly, the initial weights and
biases of the BP neural network are optimized by the global search ability of the genetic algorithm to construct a
three—layer GA—BP network. Then, the forward propagation of the GA—BP model is implemented based on
FPGA hardware, using modular design and pipeline parallel architecture, combined with fixed—point
quantization and piecewise fitting activation function to optimize resource usage. Experimental results show that
compared with the traditional BP network, the GA—BP model improves the convergence speed by 28.57%.
The response time of the FPGA system is only 6 clock cycles, and the accuracy is only 0.86% compared to the
software implementation. This study provides a high—precision, low—latency hardware solution for fire
detection in energy storage power stations.
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