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FPGA-Based Implementation of Fire Detection Algorithms in Energy Storage Power Stations
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[Abstract] This paper presents the design of an FPGA—based fire detection system utilizing a back propagation
(BP) neural network, specifically developed for early fire detection in energy storage power stations. The system
implements a BP neural network on FPGA to process temperature, smoke concentration, and gas concentration
data, thereby achieving rapid and accurate fire detection. In the deployment of the BP neural network, an
8—5—1 architecture was adopted. The network was first trained and tested in MATLAB, with 5,000 training
iterations. The recognition accuracy of the training set reached 94.56%, while that of the testing set reached
93.8%, demonstrating strong network performance. To reduce resource consumption during FPGA deployment
and to improve processing speed, fixed—point quantization and pipelined architecture were applied to lower
computational complexity. A parallel computing structure was employed for neuron node operations, and the
Sigmoid activation function was approximated using a piecewise cubic fitting method, which further enhanced
processing efficiency. As a result, the fire detection accuracy reached 93.5%, and the recognition time per sample
was 3.24 us. These results indicate that the proposed system demonstrates high reliability and real—time
performance, showing great potential for application in early fire detection of energy storage power stations.
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