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Abstract

With the acceleration of urbanization, the problem of urban traffic congestion has become
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increasingly serious and has become a core factor restricting the efficiency of urban emergency re-
sponse. The rapid passage of emergency logistics vehicles in the complex urban road network is the
key to ensuring the success of emergency rescue. However, traditional path planning methods are
mostly based on the principle of the shortest distance in static road networks, ignoring dynamic
factors such as traffic flow fluctuations, signal control strategies, and vehicle behavior, resulting in
planned paths frequently getting stuck in congestion in actual scenarios and failing to meet the ef-
ficiency requirements of emergency response. To address this issue, this paper proposes a compre-
hensive path planning method that integrates the dynamic characteristics of traffic flow, signal con-
trol optimization, and vehicle behavior models. This method constructs a weighted road network
model through graph theory, abstracting the urban road network into a weighted directed graph
composed of nodes (intersections) and edges (roads), and introduces the probability of no waiting
at intersections as an important component of the path cost function. On this basis, this paper im-
proves the classic Dijkstra algorithm to achieve multi-objective path optimization, taking into ac-
count both the shortest travel time and the principle of traffic signal optimization. In the experi-
mental part, this paper uses a 3 x 3 grid-type road network for simulation verification and sets a
series of parameters related to traffic flow, signal control, and lane capacity. The results show that
this method can effectively avoid high-traffic sections, reducing the total travel time by 18.7% and
the average waiting time at intersections by 23.5%. In addition, by introducing factors such as traffic
signal phases, lane capacity, and turning behavior, the path planning results are more in line with
the actual traffic environment, significantly improving the passage efficiency of emergency vehicles
and the speed of emergency response. In conclusion, the path planning method based on the prob-
ability of no waiting at intersections proposed in this paper provides theoretical support and prac-
tical reference for intelligent transportation systems and emergency logistics management.
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Figure 1. Path planning result
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