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Abstract

In urban traffic systems, the traffic efficiency and response speed of emergency logistics vehicles
are crucial for handling emergencies. However, despite emergency vehicles having the right of way,
in areas with fewer lanes, vehicles queuing at red lights often fail to yield promptly to emergency
vehicles, severely affecting their traffic efficiency and emergency response speed. To address this
issue, this paper proposes an optimization strategy that integrates the design of dynamic straight-
right lanes, aiming to ensure that emergency logistics vehicles can transition without delay from
right-turn lanes to dynamic straight-right lanes for priority passage through real-time signal phase
adjustment. The strategy thoroughly analyzes the limitations of dynamic straight-right lane design
and, based on this, devises a method for real-time signal phase adjustment. Specifically, this study
elaborates on a dynamic signal phase adjustment mechanism based on the expected arrival time of
emergency logistics vehicles at intersections and the dissipation conditions of right-turn lanes, en-
suring that emergency logistics vehicles can pass through intersections quickly when needed. To
verify the feasibility and effectiveness of this strategy, a combination of theoretical analysis and
SUMO simulation validation was employed. By comparing the traffic efficiency before and after op-
timization, this study not only confirms the feasibility of the proposed scheme but also demon-
strates its good application effects in real traffic environments. This research provides new theo-
retical and practical references for urban traffic management and the field of emergency logistics,
helping to enhance the emergency response capabilities and overall traffic efficiency of urban traf-
fic.
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Figure 1. Dynamic straight-right lane design
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Figure 2. Typical dynamic straight-right lane signal scheme
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Figure 3. Dynamic straight-right lane traffic operation diagram
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Figure 4. Design form of dynamic-straight right lane and signal control layout
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Figure 5. Traffic delays in the right turn lane
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Figure 6. Queue delay of vehicles in the straight lane
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Figure 15. Comparison of delays for right-turning vehicles
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Figure 16. Comparison of changes in delays of vehicles going straight
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Figure 17. Comparison of total vehicle delays in society
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