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ABSTRACT 

This research aims to design and apply intelligent optimization methods using various algorithms to find 

disaster evacuation routes. The efficiency and effectiveness of evacuation routes are essential in disaster 

situations to ensure the safety of the affected residents. This research focuses on developing an intelligent 

optimization method utilizing the Multi Vertex Multi Goals (MVMG) scheme to find optimal evacuation 

routes. In this scheme, multiple starting points and evacuation destinations reflect the actual conditions on 

the ground. The Ant Colony Optimization (ACO) algorithm was chosen because of its superiority in 

finding optimal solutions in dynamic and complex conditions. This research also compares the 

performance of ACO with traditional algorithms, such as Dijkstra and Breadth-First Search (BFS). The 

test results show that ACO consistently achieves the lowest evacuation time and the highest efficiency 

compared to the other two algorithms. In addition, this research opens opportunities for further research 

by considering complex factors, including traffic congestion and disaster-prone areas, to improve the 

robustness and application of optimization algorithms in more realistic and dynamic scenarios. 

Keywords-disaster; evacuation route; Multi-Vertex Multi-Goals (MVMG)   

I. INTRODUCTION  

Natural disasters, such as earthquakes and tsunamis, often 
occur suddenly and can cause significant losses in terms of 
material and human lives. In such an emergency, the efficiency 
and effectiveness of evacuation routes are critical factors that 
determine the safety of the residents affected by the disaster. 
Well-planned evacuation routes can minimize the number of 
fatalities and ensure rapid evacuation towards safer places. 
Speed and accuracy in the evacuation process are crucial 
factors that determine the number of victims, which can be 
minimized. Poorly planned evacuations can cause confusion, 
backlogs, and even additional accidents that worsen disaster 
conditions. Therefore, the importance of fast and safe 

evacuation underscores the need for optimization methods that 
can adapt to dynamic and complex field conditions. Many 
researchers have studied the selection of evacuation routes by 
conducting disaster case studies. Some of them involve case 
studies on finding evacuation routes during earthquake and 
tsunami disasters, which are an attractive discussion topic 
nowadays. Various methods have been designed to solve the 
problem of finding evacuation routes. These include searching 
for evacuation routes with several exits in a building using 
cellular automata [1]. Other research studies have also utilized 
route optimization addressing to the route search process, 
applying various algorithms [2-8]. However, in some cases 
only one starting point and one destination point are 
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considered. Thus, greater flexibility in handling scenarios like 
this is required, since the aforementioned cases cannot 
accommodate the diversity of the evacuation points and 
changing conditions.  

Evacuation routes are designed to be used by people in 
emergencies so that they will be able to reach a safe place 
quickly and efficiently. The former are essential for in-depth 
study. Based on several previous studies, the optimal 
evacuation route considers the shortest distance and various 
other factors, such as the traffic density during evacuation, 
changes in environmental conditions, and the time needed to 
reach a safe place. However, this research focuses on 
developing an intelligent optimization method that can be 
deployed to plan disaster evacuation routes on land by 
assuming that there are various starting points and several safe 
areas, which are called goals. An illustration of this problem is 
outlined in Figure 1. The image depicted contains some 
information related to the vertex start (illustrated in red) and 
vertex goals as destination points or safe places (illustrated in 
blue).  

 

 
Fig. 1.  Illustration of the problem of finding evacuation routes with multi-

vertex-goals. 

This problem acts as a source of reference in real situations. 
It refers to the case in which a disaster occurs, with people 
being in different places and being asked to find a route to the 
nearest safe place. Traditional algorithms, such as Dijkstra and 
DFS, along with more modern optimization algorithms, help to 
optimize the evacuation time to a safer point. The 
implementation of ACO algorithm in optimizing evacuation 
routes offers several advantages, making it highly suitable for 
evacuation planning. These advantages include computational 
efficiency, adaptability to more complex problems, and the 
ability to identify evacuation routes that are not only optimal 
overall, but also efficient at every stage of the journey. 
Previous research has demonstrated that traditional approaches 
in designing evacuation routes often need more flexibility and 
adaptability to dynamic conditions that arise during the 
evacuation process, since the recommended routes are not 
optimal [9-11]. Therefore, this research aims to develop an 
evacuation route optimization method by putting into service 
an MVMG scheme that is more suitable for dynamic disaster 
conditions, as well as by comparing the effectiveness of 

traditional route-finding algorithms, such as Dijkstra and DFS, 
with modern algorithms, such as ACO, in the context of 
disaster evacuation routes. The MVMG constitutes the main 
contribution to this research. Modern algorithms are expected 
to offer more efficient and adaptive solutions, since they use 
more sophisticated and heuristic approaches to the evacuation 
problem, as the ability to learn from the environment in which 
the scenarios are tested develops. The results of this research 
can significantly contribute to the field of emergency 
management and public safety and provide guidance for 
policymakers and practitioners in designing more effective and 
efficient evacuation routes. 

II. RELATED WORK 

Research related to finding evacuation routes has been 
carried out by various researchers employing numerous 
approaches and methods [12-14]. Authors in [15] explored the 
search for evacuation routes during dynamically changing 
dangerous conditions. Authors in [16] introduced a model by 
optimizing bus schedules and route planning for evacuation, 
intending to reduce the total evacuation time through 
simultaneous optimization of the bus capacity, refugee demand, 
time window, and flow balance. Authors in [17] developed a 
method for allocating evacuation routes and shelters to reduce 
the number of fatalities by considering various tsunami 
scenarios. This model allocates optimal routes and shelters 
based on a combination that provides a safe evacuation route. 
Authors in [18] developed the Time-Varying Equivalent 
Weight Dijkstra Algorithm (TVEWDA), which combines 
dynamic fire simulation to find optimal evacuation routes in 
fire scenarios taking place on cruise ships. Authors in [1] 
developed an extended cellular automata model for pedestrian 
emergency evacuation dynamics. This model introduces group 
route and terrain change probabilities, allowing pedestrians to 
change direction as needed and stay together in groups. 
Authors in [19] introduced the Cellular Automata-based 
Dynamic Route Optimization (CADRO) algorithm, which 
identifies dynamic flood evacuation routes by considering 
hydrodynamics, topography, and human response time, 
showing significant improvements in evacuation route 
efficiency compared with the traditional A* algorithm. In 2023, 
Authors in [20] used the Dijkstra algorithm to determine the 
shortest evacuation route in Benoa Village, a tsunami-prone 
area. This research produces a route from the evacuation 
starting point to the safe zone, where the Dijkstra algorithm is 
appluied to process the adjacency matrix, which describes the 
road network and intersections. 

Authors in [21] proposed an improved ACO algorithm 
version to determine the optimal evacuation route in a fire 
scenario in a supermarket building by considering temperature 
conditions and burning products. ACO is a widely utilized 
algorithm in various route search cases, while according to 
several studies, ACO is a good algorithm to use in dynamic 
conditions [22-24]. In this research, the use of ACO is the main 
method for finding evacuation routes by considering vertex-
start positions, which are spread across many points and have 
many vertex-goals as destinations. This case resembles the 
concept of Multi Depot Multi Traveling Salesman Problem 
(MDMTSP), where there are many depots (departure points) 
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carried out by a salesman who is going to make sales in several 
planned cities [25-27]. However, the difference in the concept 
provided in the present study is that determining the evacuation 
route refers to the condition in which people will go to the 
vertex-goals closest to them when a disaster occurs. 

III. METHOD 

A. Mutlti Vertex Multi Goals (MVMG) 

The Multi Vertex Multi Goals (MVMG) scheme is an 
approach used to overcome evacuation problems where there 
are many starting points (vertex-start) and many safe 
destinations (vertex-goals). This scheme reflects a situation 
where residents are spread across various locations and must be 
evacuated to several predetermined safe points. In the context 
of disaster evacuation, MVMG allows for modeling that is 
more realistic and adaptive to dynamic conditions in the field. 
MVMG provides greater flexibility in planning evacuation 
routes than traditional methods, which often only consider one 
starting point and one destination point. By considering 
multiple starting points and destination points, this scheme can 
create evacuation plans that are more responsive and in line 
with the real needs of the field. For example, in a disaster, such 
as an earthquake or a tsunami, residents may be scattered 
across various locations and must be transferred to the 
available safe places.  

 

 

Fig. 2.  An MVMG schematic that depicts several starting points (vertex-

start) and several safe goals (vertex-goals) connected by various paths. This 

scheme shows the complexity and adaptability of the MVMG approach in 

disaster situations. 

MVMG enables more efficient organization of the 
evacuation routes by directing residents from multiple starting 
points to multiple safe destinations simultaneously. The 
MVMG approach also considers essential aspects, such as the 
population density at the starting point, the capacity at the 
destination point, and the condition of evacuation routes. Thus, 
the resulting evacuation plan is effective in terms of travel 
distance and considers evacuees' safety and comfort. For 
example, if a destination point is too wide, the MVMG scheme 
can direct some evacuees to alternative points with sufficient 
capacity. Implementing MVMG in evacuation route planning 
also involves using intelligent algorithms such as ACO. This 
algorithm helps find optimal evacuation routes by considering 

various dynamic variables in the field, involving changes in 
environmental conditions, obstacles, and population 
distribution. With this approach, evacuation plans can be 
updated in real time based on the latest information, ensuring 
that the chosen route is always safe and efficient. Overall, the 
MVMG scheme offers a more comprehensive and adaptive 
disaster evacuation route planning solution. It combines 
flexibility in determining the starting and destination points, 
while using smart technology to optimize the route. MVMG 
can significantly increase the effectiveness and efficiency of 
the evacuation process, resulting in more lives being saved 
while reducing risks during disasters. 

B. Ant Colony Optimization (ACO) Implementation 

ACO is a technique for finding optimal evacuation routes in 
the MVMG scheme. ACO is inspired by the foraging behavior 
of ants [28, 29], which leave pheromone trails that guide other 
ants to find the best route. 

1) Problem Formulation 

This problem is formulated to find optimal evacuation 
routes from several starting points (vertex-start) to several safe 
points (vertex-goals). The main goal is to minimize the total 
evacuation time and ensure the safety of evacuees by avoiding 
dangerous areas. A graph represents an evacuation area, where 
nodes represent the start, midpoint, and destination, while 
edges represent possible paths between the nodes. 

2) Dataset and Matrix Adjacency 

The dataset for this graph is created using an adjacency 
matrix, which describes the connectivity between nodes. An 
adjacency matrix is a square matrix, where the entry ��� is 1 if 
there is an edge from node � to node �, and 0 if there is no edge. 
Meanwhile, the weight or distance between the nodes is the 
distance that will be filled in or be left in the same position. 
Figure 3 displays an adjacency matrix filled with distance data 
between the nodes, which represents a graph for the MVMG 
model. Columns and rows in the matrix are labelled with the 
nodes in the graph (A, B, C, ..., S). Each cell in the matrix 
shows the distance between two nodes corresponding to that 
column and row. For example, a cell in row B and column J, 
having a value of 50, indicates a distance of 50 between nodes 
B and J. The green nodes (G-C, I-G, J-M and P-H) are the 
starting vertices, namely the points from which evacuation 
begins. The red nodes (C-B, D-F, B-J, F-O, L-C, and N-P) are 
the vertex goals, namely the safe destination points that must 
be reached during evacuation. Examples of the distances 
between the nodes are from C to B with a distance of 15, P to H 
with a distance of 20, and F to O with a distance of 5. In the 
context of evacuation using ACO, ants will start from the initial 
vertex (green) and look for the optimal path to the vertex goals 
(red). The distance between the nodes will influence the path 
chosen to minimize the total distance or travel time while 
considering safety and efficiency. 
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Fig. 3.  Adjacency matrix. 

3) Ant Movement 

 Ant Placement: Ants are placed at the starting point 
(vertex-start). 

 Path Selection: Ants probabilistically select paths, 
considering pheromone levels and heuristic information. 
The probability ��� of an ant moving from node � to node � 
is formulated as: 

P�,�	t� �  ���,�	���� .���,�	����
∑ ���,�	���� .���,�	����� � �����

   (1) 

where Τ�,� is the pheromone level at the edge (i, j), n�,� is the 
heuristic information (e.g., the inverse of the distance), a and b 
are the parameters that control the influence of the pheromone 
and heuristic information, and #� is the set of neighboring 
nodes of �. 
4) Pheromon Update 

 Local Update: When ants traverse the graph, they leave 
pheromones on the edges they traverse. 

 Global Update: Once all ants have completed their route, 
the pheromone level at the edge is updated. Edges that are 
part of the best route receive more pheromones, while 
others experience pheromone evaporation. The pheromone 
renewal rules are: 

Τ�� � 	1 % ρ� '  τ�� ) Δτ��   (2) 

where ρ is the evaporation rate, and Δτ�� is the amount of the 

pheromone deposited. 

5) Termination  

Termination in the ACO algorithm is the stage where the 
algorithm execution is stopped based on specific criteria. There 
are two main termination methods commonly used in ACO 
[30]: 

 Iteration Set: In this method, the algorithm runs for a 
predefined number of iterations. For example, an algorithm 
might be set to run for one thousand iterations. Once the 
last iteration is reached, the algorithm will stop, and the best 
route found during that iteration will be considered the 
optimal evacuation route. The advantages of this method 

are simplicity and ease of implementation, but the weakness 
is that it only sometimes guarantees that the optimal 
solution has been found. 

 Convergence Criteria: In this method, the algorithm stops 
when the resulting solution has reached stability or 
convergence. The convergence criterion can be a minimal 
change in the quality of the best solution over several 
consecutive iterations. For example, if there is no 
significant improvement in the quality of the best route for 
fifty consecutive iterations, the algorithm is considered to 
have reached convergence and is terminated. The advantage 
of this method is that it ensures that the algorithm stops 
when there is no significant further improvement. However, 
the disadvantage is that it may require more iterations and 
computing time. 

By evaluating these two termination methods, the best 
approach can be found, providing a balance between 
computational efficiency and solution quality in the context of 
evacuation route optimization utilizing ACO. 

6) Simulation and Results 

The ACO algorithm was implemented and tested in an 
evacuation simulation scenario. The results are compared with 
traditional algorithms, such as Dijkstra and DFS, to evaluate 
their performance. The key performance metrics deployed 
include the evacuation distance and efficiency. The simulation 
settings are: 

 Graph Construction: The graph represents the evacuation 
area that is created with nodes and edges based on the 
layout. These nodes include start points (vertex-start), goal 
points (vertex-goals), and possible paths between them. The 
image has been converted into an adjacency matrix 
containing the distance between nodes. 

  Total Evacuation Time: It measures the time required for 
evacuation from the start to the destination point. 

 Parameter Settings: The ACO algorithm parameters, such 
as the number of ants, pheromone evaporation rate, and 
influence factor (α for pheromone and β for heuristic 
information), are adjusted to achieve optimal performance. 
Proper parameter settings ensure that the algorithm can 
explore multiple paths effectively and converge towards an 
optimal solution. 

 Performance Evaluation: The performance of the ACO 
algorithm is measured and compared with the Dijkstra and 
DFS algorithms. Evaluation includes: (a) the evacuation 
distance that measures the total distance travelled from the 
starting point to the destination point, and (b) the efficiency 
that measures the computing time and resources used to 
find a solution. 

7) Pseudocode MVMG-ACO 

Pseudocode for MVMG utilizing ACO. 

INITIALIZATION: 

- S = {set of starting vertices} 

- G = {set of goal vertices} 
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- τ = pheromone matrix (initial pheromone 

values) 

- D = distance matrix (distances between 

vertices) 

- n_ants = number of ants 

- n_iterations = number of iterations 

- ρ = evaporation rate 

- α = influence of pheromone 

- β = influence of distance 

For each iteration from 1 to n_iterations: 

1. For each ant from 1 to n_ants: 

 a Randomly select a starting 

vertex (v) from S 

 b Initialize path (P) with the 

starting vertex (v) 

 c Calculate the likelihood of 

moving to each neighboring point (u) that 

hasn't been visited yet 

  i Calculate the 

probability of moving to each unvisited 

neighboring vertex (u) 

  ii Select the next vertex 

(u) based on the probabilities norm_p(u) 

  iii Move to the next vertex 

(u), add u to the path (P) 

2. Update pheromone: 

 Evaporate pheromone on all edges: 

 τ(v, u) = (1 - ρ) * τ(v, u) 

 Add new pheromone based on the paths 

found by the ant. For each edge (v, u) in 

the path (P): 

 τ(v, u) = τ(v, u) + Q / length(P) (Q 

is a constant) 

RETURN THE BEST PATH FOUND AND ITS LENGTH 

IV. EXPERIMENTS ΑND RESULTS 

A. Testing Result 

For the testing needs, 20 datasets were considered along 
with three algorithms: ACO, Dijkstra, and BFS. Each dataset 
was tested using these three algorithms. The test results were 
compared, as shown in Figure 4. Figure 4 portrays the test 
results of three algorithms (ACO, Dijkstra, and BFS) against 20 
different datasets. This graph displays each algorithm's total 
evacuation time for each dataset tested. It demonstrates that 
ACO is the most effective and efficient algorithm in optimizing 
evacuation time compared to BFS and Dijkstra. BFS 
consistently has the highest evacuation time, while Dijkstra 
performs better but falls short of ACO. Therefore, ACO should 
be the selected algorithm for scenarios requiring fast and 
efficient evacuation. 

B. Efficiency 

1) Identification of the Worst Time and Optimal Time 

 Worst Time: Highest evacuation time among all algorithms 
for each dataset. 

 Optimal Time: Lowest evacuation time among all 
algorithms for each dataset. 

 Time of Algorithm: Evacuation time required for each 
algorithm. 

 

 

Fig. 4.  Comparison of evacuation times for each algorithm. 

2) Calculation of the Efficiency for Each Algorithm in the 
Dataset 

To calculate the efficiency of each algorithm, the efficiency 
formula previously explained will be used. The steps followed 
are: 

+,,�-�+.-/ �  01234� ��567 ��56 89:23��;5
 ��56 89:23��;5 < = 100%  (3) 

Table I compares the performance of the three algorithms, 
BFS, Dijkstra, and ACO, on three different datasets. The total 
evacuation time and efficiency calculation for each algorithm 
on each dataset are also displayed. 

TABLE I.  COMPARISON OF TESTING RESULTS  

Datasets Algorithm Total evacuation time Efficiency (%) 

1 BFS 50 0.00 
1 Dijkstra 45 11.11 
1 ACO 40 25.00 
2 BFS 55 0.00 
2 Dijkstra 48 21.21 
2 ACO 43 66.67 
3 BFS 53 0.00 
3 Dijkstra 49 9.76 
3 ACO 41 29.27 

 

As evidenced in Figure 5, and particularly in dataset 1, it 
can be concluded that ACO consistently shows higher 
efficiency than BFS and Dijkstra. In each dataset, BFS shows 
the lowest efficiency with a value of 0%, indicating that this 
algorithm requires the longest evacuation time. Dijkstra 
performs better than BFS with a higher average efficiency but 
still lags behind ACO. ACO recorded the highest efficiency in 
each dataset, with an achievement of 25% in Dataset 1, 66.67% 
in Dataset 2, and 29.27% in Dataset 3, indicating that ACO can 
optimize evacuation routes more effectively. These results 
show that ACO is the most efficient algorithm for evacuation 
route optimization, followed by Dijkstra, while BFS shows the 
lowest performance. In Dataset 1 (Figure 5), BFS shows the 
highest evacuation time with a total efficiency time of 0%, 
confirming its inefficiency in finding the optimal evacuation 
path. Dijkstra maintains moderate performance with a total 
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efficiency evacuation time of 11.11%, which is better than BFS 
but still lower than ACO. ACO is again the most efficient, with 
a total efficiency evacuation time of 25%, indicating its ability 
to optimize evacuation paths. In dataset 2 (Figure 6), BFS still 
shows the same inefficiency with a total evacuation time 
efficiency of 0%, making it the algorithm with the lowest 
performance. Dijkstra records an increase in efficiency with a 
total evacuation time of 21.21%, better than its performance on 
Dataset 1, but still inferior to ACO. ACO once again shows the 
highest efficiency with a total evacuation time of 66.67%, 
confirming its dominance in finding the most optimal 
evacuation path. In dataset 3 (Figure 7), BFS again shows the 
worst performance, communicating it to produce efficient 
distribution paths. Dijkstra's efficiency slightly decreases 
compared to Dataset 2, but is still better than BFS's and still far 
from ACO. Even though ACO has lower efficiency than that in 
Dataset 2, it is still the most efficient algorithm. 

 

 

Fig. 5.  Comparison of BFS, Dijkstra, and ACO evacuation times on 

dataset 1. 

 

Fig. 6.  Comparison of BFS, Dijkstra, and ACO evacuation times on 

dataset 2. 

 
Fig. 7.  Comparison of BFS, Dijkstra, and ACO evacuation times on 

dataset 3. 

As shown in Table II, the BFS has consistently the highest 
evacuation times among all datasets, resulting in 0% efficiency 
each time, indicating that it is not suitable for scenarios 
requiring fast evacuation. Dijkstra shows moderate 
performance with 14.03% efficiency on all datasets. Although 
better than BFS, this algorithm still falls short compared to 
ACO, indicating that there are more optimal solutions for this 
scenario despite the observed improvements. In contrast, ACO 
consistently achieved the highest efficiency and the lowest 
evacuation time across all datasets. This suggests that ACO is 
very effective and efficient for optimizing evacuation routes in 
dynamic and complex scenarios. 

TABLE II.  AVERAGE EFFICIENCY RESULTS 

Algorithm Average efficiency (%) 

BFS 0.00 

Dijkstra 14.03 

ACO 40.31 

 

 

Fig. 8.  Average efficiency BFS, Dijkstra, and ACO. 

From this analysis, it is noted that ACO is the best 
algorithm for evacuation route optimization. This algorithm 
significantly outperforms BFS and Dijkstra, providing the 
lowest evacuation time and highest efficiency in all tested 
datasets. Therefore, ACO should be the algorithm chosen for 
scenarios requiring fast and efficient evacuation. 

V. CONCLUSIONS 

This research is driven by the urgent need to develop an 
efficient and effective evacuation route planning method in 
disaster scenarios, where fast and accurate decision-making is 
critical to save lives. Recognizing the complexity of real-world 
evacuation scenarios, which often involve multiple origins and 
destinations, an intelligent optimization method is developed 
using the MVMG scheme. This approach closely reflects the 
complex reality of evacuation planning. The ACO algorithm, 
which is chosen for its strength in navigating dynamic and 
complex conditions, is deployed. The test results of the ACO 
against traditional algorithms, such as Dijkstra and BFS, on 20 
datasets reveal its clear superiority. ACO consistently achieves 
the lowest evacuation time and highest efficiency, significantly 
outperforming BFS and Dijkstra. These findings confirm that 
ACO is more effective in optimizing evacuation routes and 
better suited to real-world disaster scenarios' dynamic and 
complex conditions. The novelty of this study lies in the 
application of the MVMG scheme combined with the ACO, 
which offers a more accurate and practical approach to disaster 
management compared to the traditional single-source, single-
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destination methods. Future research should build on these 
findings by incorporating factors such as traffic congestion and 
disaster-prone areas, further improving the robustness of the 
optimization algorithm under multi-node and multi-objective 
conditions. 
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