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Theoretical Analysis on Signal Light Duration Optimization Based on Genetic Algorithm:

From Model Construction to Paradigm Innovation in Intelligent Regulation

Zhaoyang Ma Xin Lin Chen Yang Dezhi Liu Chen Jiang
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Abstract: Aiming at the global optimization and dynamic adaptation of urban traffic signal timing, this paper presents an
intelligent regulation method based on genetic algorithms (GA). By analyzing the static presupposition defects of traditional
polling control models, the study employs the K-means++ algorithm to classify traffic flow into peak and off-peak periods,
addressing the adaptation problem of time-varying traffic characteristics. A GA model is constructed to dynamically optimize
signal timing schemes: green light durations are encoded as gene sequences in chromosomes, a fitness function is designed
to maximize the average traffic flow speed, and global search is realized through evolutionary operations such as selection,
crossover, and mutation. VISSIM simulation results show that this method effectively improves the traffic efficiency of road
networks. The research further discusses expansion directions, including integration with reinforcement learning, multi-
objective optimization, and edge computing deployment, providing a data-driven theoretical support for intelligent traffic
signal control to alleviate urban congestion and promote the development of smart transportation systems.
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