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Research on Intelligent Flame Monitoring System and Combustion Optimization Control Strategy for Boiler
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[ Abstract ] To achieve energy conservation, emission reduction, and safe operation of industrial boilers, this study designs and
investigates an intelligent flame monitoring system and combustion optimization control strategy. The system
establishes a visual perception network through deployment of high-definition CCD cameras and infrared thermal
imagers to collect real-time data on flame morphology , temperature, and dynamic characteristics. A deep learning model
integrating convolutional neural networks and long short-term memory networks is employed to accurately identify and
diagnose combustion status. Building upon this, a hierarchical optimization control framework based on model
predictive control is proposed. The system uses state recognition results as feedforward and feedback signals to
dynamically optimize key operational variables such as air-coal ratio, achieving multi-objective optimization of thermal
efficiency improvement and pollutant emission suppression. Simulation experiments validate the effectiveness of the
proposed strategy, demonstrating approximately 1.38% higher boiler thermal efficiency and 25.2 mg/m® reduction in
nitrogen oxide emissions compared to traditional control methods, while exhibiting enhanced stability and dynamic
response characteristics. The research indicates that deep integration of intelligent perception with advanced control
theory provides a feasible technical pathway for intelligent upgrading and green operation of boilers.
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