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Lighting energy efficiency improvement method of integrated passenger
hubs based on improved multi-objective optimization

LiJun', Wang Mingzhe®, Zhang Yawei’
(1. Passenger Transport and Hub Management Department, Beijing Jingwei Information Technology Co., Lid.,
Beijing 100081, China;
2. Institute of Computing Technology, China Academy of Railway Sciences Corporation Limited, Beijing 100081, China)

Abstract: To address the core bottlenecks such as low lighting energy efficiency and poor scenario adaptability
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in integrated passenger hubs during high-load periods, while balancing the dual requirements of green operation
and passenger comfort, a lighting energy efficiency improvement method in hubs driven by improved multi-
objective optimization is proposed. First, taking a large integrated passenger hub in Guangzhou as the research
object, 2 160 valid samples covering 12 typical scenarios from 2024 to 2025 are collected. The least squares
method is employed to reveal the nonlinear correlation and threshold effect between passenger flow and lighting
demand. Second, a “time-space-load-event” four-dimensional coupling model is constructed. To address the
low search efficiency of the original NSGA-III under high-dimensional constraints, an improved algorithm is
designed, in which a four-dimensional correction factor is introduced to dynamically adjust crossover and
mutation strategies, thereby enhancing the algorithm’s adaptability to time-varying demand. Additionally, a
constraint handling mechanism combining feasibility rules and penalty functions is established to improve the
diversity of the Pareto front. Finally, a multi-objective fitness function is built with the objectives of minimizing
energy consumption, maximizing comfort, and maximizing equipment service life, and an adaptive closed-loop
control system is implemented in conjunction with the Digital Addressable Lighting Interface (DALI) protocol.
The results show that lighting demand grows exponentially when passenger flow exceeds 120% of the designed
capacity. Compared with the traditional timed control scheme, the proposed method reduces the average daily
energy consumption from 592. 1 kWh to 228. 7 kWh (a reduction of 61. 37%), increases the passenger lighting
comfort score from 45. 4 to 58. 1 (an improvement of 27.97%), and shortens the system response delay from
1.2 s to 0. 38 s. Furthermore, it extends the lighting equipment service life by 23.50%, and stably adapts to
passenger flow fluctuations within +30%. Compared with PSO and GA algorithms, the comprehensive
optimization index of the proposed method is improved by 23.53% and 16. 67%, respectively, and the average
daily lamp failure rate is reduced from 3. 2 times + d~' under the traditional control scheme to 0. 8 times + d™',
with a decrease of 75%. Validated by actual operation and maintenance data from the Guangzhou hub, the
retrofit achieves annual electricity savings of approximately 132 600 kWh, with an overall electricity saving rate
of 61.4%, corresponding to an annual electricity costs of approximately 106 100 CNY - yr . The static
payback period for the retrofit using existing luminaire housings is about 5. 7 years, and the integrated passenger
lighting comfort score reaches 58. 6, with a deviation of less than 1% from the simulation prediction of 58. 1.
The proposed method can effectively adapt to the dynamic demands of hubs, providing theoretical and technical
support for the intelligent upgrading of lighting systems in similar transportation hubs.

Key words: Integrated passenger hub; Lighting energy efficiency optimization; Multi-factor coupling modeling;
Improved NSGA-III algorithm; Adaptive closed-loop control
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