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Abstract: The operating mileage of highway tunnels continues to grow, and the operation and maintenance management level of
ventilation and lighting systems, as core mechanical and electrical facilities, directly affects driving safety and energy consumption.
Research is conducted from four dimensions: system composition, operational status, key technologies, and management optimization,
to address issues such as frequent system failures, high energy consumption, and low maintenance efficiency. Based on the transport
mechanism of tunnel pollutants and the theory of visual adaptability, the collaborative operation mechanism of ventilation and lighting
systems was analyzed. Based on the current operation and maintenance management mode, typical fault types and their causes such as
fan failure, light attenuation of lamps, and sensor drift have been summarized. Surrounding the technical paths of regional controller
networking monitoring, intelligent dimming control, fault diagnosis, etc. Research has shown that building a data-driven operation and
maintenance management system, improving equipment inspection mechanisms, and enhancing emergency support capabilities can
effectively reduce system failure rates and improve operational efficiency.
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