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Abstract

In urban pre-hospital emergency scenarios, the timely dispatch of ambulances by emergency cen-
ters to meet demand points and transport of patients to hospitals is critical to ensuring life safety.
To reduce rescue time, the rational planning of dedicated rescue lanes is especially important. How-
ever, the road networks surrounding hospitals in large cities are complex and dynamic. Addressing
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this characteristic, this study investigates, from a macro perspective, a directional rescue lane re-
tention problem to enhance emergency response efficiency. The study proposes a bi-level program-
ming model. The upper level aims to minimize the total length of dedicated lanes, ambulance travel
time, and conflict intensity, determining which road segments should retain rescue lanes and their
travel directions. The lower level, incorporating an improved Dijkstra algorithm based on lane num-
bers, optimizes ambulance travel routes to ensure timeliness. To solve the model, a weight-based
genetic algorithm is designed, and its effectiveness and practicality in large-scale emergency re-
sponses are validated through case studies. The results demonstrate a significant improvement in
the efficiency and timeliness of priority passage for rescue vehicles.
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Figure 1. Schematic diagram of emergency dedicated lane layout
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Figure 3. Schematic diagram of example road network acquisition
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Table 1. Considers the number of lanes

F* 1 EEFEY

LSS it 1 2 3 4 5
SEI 1 41.70% 16.70% 25% 8.30% 8.30%
SEE 2 31.80% 31.80% 22.70% 9% 4.50%
SEIG 3 33.30% 28.60% 19% 14.30% 4.80%
FIE 35.60% 25.70% 22.23% 10.53% 5.87%

Table 2. Does not consider the number of lanes
F= 2 REEZFEH

LS agit 1 2 3 4 5
SEIG 1 47.80% 21.70% 13% 8.60% 8.60%
S 2 48.10% 18.50% 18.50% 7.40% 7.40%
S 3 36.70% 26.70% 23.30% 10% 3.30%
“PH5ME 44.20% 22.30% 18.27% 8.67% 6.43%
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Figure 5. Diagram considering the number of lanes
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Figure 6. Genetic algorithm iteration chart
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