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A highway tunnel brightness automatic detection system based on multi-sensor
Feng Junjie', Zhao Le', Hao Xu', Yang Jianhua®, Huo Changling’, Zhang Chao’

( 1. Shaanxi Expressway Engineering Test and Inspection Co. , Lid. , Xi’an 710086, China;
2. Xi'an Technological University, Xi’an 710021, China )

Abstract.: The traditional road brightness detection method relies on manual handheld detection equipment, which has problems such as
large workload, low detection efficiency, and high safety risks. In order to improve detection efficiency, reduce manual operation, and
maintain high accuracy under different environmental conditions, a highway tunnel brightness automatic detection system is designed. n
automatic brightness detection system for highway tunnels is designed. The system is based on a vehicle mounted computing platform,
integrating multiple sensors such as illuminance meter, imaging brightness meter, and laser sensor. It adopts a combination of real-time data
acquisition and dynamic brightness weighting algorithm to improve the accuracy and stability of brightness data acquisition. At the same
time, by combining vehicle location information with environmental adaptability design, efficient and accurate detection of tunnel brightness
can be achieved. The comprehensive verification results show that the system can quickly, stably, and continuously detect the lighting
situation and brightness distribution of tunnels, effectively solving the problems of high labor costs and large safety hazards in tunnel
brightness detection. While ensuring the safety of inspection personnel, it also indirectly improves the operational safety of highway tunnels.
It can effectively improve the accuracy of road lighting quality assessment and provide reliable technical support for the maintenance of
highway tunnel lighting.

Keywords: tunnel brightness detection; vehicle-mounted automatic system; multi-sensor; human-machine interaction; dynamic brightness
weighting algorithm ; highway tunnel
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Fig. 1 The overall framework of the system
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Fig.2 Overall design plan for system hardware
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Fig.3 Schematic diagram of loading automatic detection
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Fig.4 Schematic diagram of luminance collection
by illuminance meter
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Fig.5 Software architecture diagram of the automatic brightness

detection system for highway tunnels
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Fig. 6 Data collection is automatically triggered
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Fig.7 Process of data acquisition for embedded software
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Fig. 9 Initial interface of the application software
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Fig. 13 Visualization of system test data
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