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Abstract

In the context of the in-depth development of the intelligent transportation system, energy saving and

XCEGIF: A, AR, §E. B E A MRS X I RS RE I SRS L)), SR, 2025, 14(5): 588-596.
DOI: 10.12677/0jtt.2025.145058


https://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2025.145058
https://doi.org/10.12677/ojtt.2025.145058
https://www.hanspub.org/

IR

efficiency enhancement, as well as the intelligent transformation of lighting systems in expressway ser-
vice areas, have become core issues in green transportation construction. Addressing the pain points
of traditional lighting systems, such as high energy consumption and insufficient environmental adapt-
ability, this study relies on Internet of Things (IoT) technology and intelligent control theory to con-
struct a three-dimensional influencing factor analysis model covering equipment characteristics, con-
trol logic, and external environment. It precisely identifies the key shortcomings of traditional control
strategies in terms of data fusion efficiency, scene matching accuracy, and energy efficiency manage-
ment. By developing an intelligent control algorithm driven by multi-source data coupling, this study
organically integrates dynamic parameters such as light intensity, traffic flow fluctuations, and time-
of-day characteristics, and innovatively proposes a “perception-decision-execution” three-layer linked
energy-saving control architecture. Engineering empirical evidence shows that this strategy achieves
systematic optimization of energy consumption while ensuring lighting quality meets standards. It pro-
vides a solution that combines theoretical depth and engineering value for the low-carbon transfor-
mation of expressway service areas, facilitating the green and intelligent upgrading of transportation
infrastructure.
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Table 1. Comparison of typical lighting source performance
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Table 2. Comparison of performance under different control modes
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Figure 1. Design of hierarchical control architecture
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Table 4. Comparison of illumination before and after the renovation of a service area on G5 Macheng Yangxin expressway
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i >50 45 55 98%
AR ] >100 90 105 99%
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Table 5. Comparison between illuminance uniformity and glare index (UGR)
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Table 6. Energy efficiency analysis of a service area on the G5 Macheng Yangxin expressway before and after renovation
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