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Optimal Evacuation Route Analysis in Underground Stations Using
Various Algorithms
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Abstract This study analyzed optimal evacuation route derivation for subway stations during disasters using Dijkstra,
A*, and Greedy algorithms. A hypothetical three-level underground station was modeled, and evacuation routes were
analyzed for all three algorithms. The effects of crowd density and disaster-induced movement speed reduction were
incorporated. Results demonstrated that the A* algorithm exhibited the best performance, with a maximum evacuation
time of 349 seconds. The Dijkstra algorithm recorded 365 seconds, while the Greedy algorithm required 1,545
seconds. Notably, the Dijkstra algorithm, which theoretically guarantees optimal solutions, yielded a longer maximum
evacuation time than the A* algorithm. This counterintuitive outcome occurred because Dijkstra’s path optimization
performance generated identical routes for clusters located at similar nodes, paradoxically increasing crowd density. This
finding suggests that excellent optimization performance can paradoxically intensify crowd density. In contrast, the A*
algorithm’s heuristic-based search induced route diversity, producing a natural distribution effect. These results indicate
the necessity of designing algorithms that prioritize collective efficiency rather than individual optimality in evacuation
route planning.
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Fig. 1. Dijkstra’s algorithm flow chart.
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Table 1. Evacuation speeds by evacuation factor.
ECACUATION FACTOR EVACUATION SPEED

Horizontal transportation(platform, concourse and corridor) 60m/min

Vertical transportation(stairs, stationary escalator) 15m/min
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Table 2. Minimum evacuation capacity per unit width (m).
Evacuation factor Evacuation capacity
Horizontal transportation(platform, concourse and corridor) 80 persons/m'min
Vertical transportation(stairs, stationary escalator) 60 persons/m'min
Table 3. Walking speed reduction table based on crowd density.
Evacuation factor Population(person) Multiplier
Horizontal transportation(platform, concourse and corridor) 640 2
Horizontal transportation(platform, concourse and corridor) 1280 2.5
Horizontal transportation(platform, concourse and corridor) 1920 3
Vertical transportation(stairs, stationary escalator) 360 2
Vertical transportation(stairs, stationary escalator) 720 2.5
Vertical transportation(stairs, stationary escalator) 1080 3
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Table 4.Congestion weight parameters for sensitivity analysis.
Case Level 1 Level 2 Level 3
Baseline 2.0 2.5 3.0
Case 1 3.0 4.0 5.0
Case 2 3.0 5.0 7.0
Case 3 4.0 7.0 10
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Table 5. Maximum evacuation time by congestion weight variation.

Case Dijkstra (sec) A¥* (sec) Greedy (sec)

Baseline 365 349 1545

Case 1 576 554 2562

Case 2 752 738 3517

Case 3 1062 1042 5036
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Table 6. Analysis results by algorithm.

Algorithm Maximum evacuation time(sec) Execuation time(sec) Number of explored nodes
Dijkstra 365 0.1327 155,923
A* 349 0.0758 43,342
Greedy 1,545 0.0250 18,546
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