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Intelligent Optimization of Traffic Signals in Dynamic

Traffic Scenarios
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(1. School of Physics and Electronic Information, Yan’anUniversity, Yan’an 716000, China;
2. Energy Big Data Intelligent Processing Provincial and Municipal Key Laboratory in Shaanxi Province,
Yan’an 716000, China)

Abstract: To address the contradiction between peak-hour congestion and off-peak resource wastage in urban areas, an
intelligent signal optimization system based on the collaboration of perception and planning is designed. Research methods in-
clude: employing the YOLOvVS framework and multi-object tracking technology to statistically analyze lane traffic flow in real
time and generate a visual report, integrating multi-dimensional parameters such as lane vehicle density, start-up time,
safety distance, and intersection geometry, utilizing a multi-phase dynamic timing algorithm coupled with a weight model to
calculate the optimal green light duration, and enabling adaptive signal control. The key technological innovation lies in es-
tablishing a fully automated closed-loop process for detection and decision-making, deploying the lightweight YOLOv8 mod-
el, vehicle tracking, lane determination, and signal timing algorithms on an edge FPGA platform, thereby achieving the ul-
tra-low latency control based on its parallel computing capability. Experimental tests show that the system improves the time
utilization by 16 % ~20% in low-flow cycles and by 14 % ~16 % in high-flow cycles. With a signal traffic light being green,
it supports 26 ~32 vehicles to pass through, effectively eliminating secondary queuing. Practical application verifies that the
system meets the engineering requirements for enhancing road network operational efficiency and travel experience in smart
city construction.

Keywords: intelligent traffic signal control; YOLOvV8 deep learning; dynamic timing algorithm; FPGA edge compu-

ting; smart transportation
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