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Design and Application of a Computer Vision-Based Boiler Combustion

Optimization System
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Abstract: To address the need for boiler combustion optimization, this paper proposes a computer vision-based
system designed to enhance thermal efficiency and reduce Nitrogen Oxides (NOx) emissions. A technical framework
comprising perception, decision-making, and execution layers was constructed. Key components included the design of
multi-spectral imaging hardware and edge computing nodes, alongside the development of algorithms for real-time
image acquisition, flame state recognition, and optimization decision-making. The study focused particularly on a flame
image segmentation network, a spatiotemporal feature fusion model, and a reinforcement learning-based optimization
strategy. Experiments conducted on a 600 MW coal-fired boiler demonstrated that the proposed model achieves
excellent performance in segmentation accuracy and feature extraction. The system successfully improved thermal
efficiency while reducing NOx emissions, also exhibiting good real-time performance and robustness. This research
provides a novel approach for boiler combustion optimization, holding significant theoretical and practical value.
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Figure 2 Boiler Combustion System Technical Framework
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Table 1 Analysis of Flame Image Morphology and Spectral Characteristics under Multiple Combustion Conditions

of a Power Plant Boiler
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Figure 3 System Algorithm Design Framework Diagram
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