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Abstract: This research analyzes and generates optimal evacuation routes in 

the Barranco district during earthquake scenarios using the Dijkstra 

algorithm implemented through WinQSB. A preliminary review was 

conducted to establish key concepts related to earthquake dynamics, 

evacuation route planning, and the application of Dijkstra’s algorithm. Given 

its high seismic exposure and the prevalence of aging infrastructure, 

Barranco is considered highly vulnerable to earthquake impacts. Based on 

this context, a detailed graph-based model of the district’s road network and 

designated assembly points was constructed and processed using WinQSB 

to determine the most efficient evacuation paths. Variables such as distance 

and estimated walking time were incorporated into the analysis. The 

application of Dijkstra’s algorithm produced minimum-route solutions, 

reducing evacuation distances by approximately 30% and yielding estimated 

evacuation times between 2.36 and 9.24 minutes across the district’s different 

zones. Route calculations were completed in under one second per node pair, 

demonstrating the method’s appropriateness for small to medium-sized 

urban areas. The study concludes that generating optimized evacuation routes 

through Dijkstra’s algorithm and WinQSB represents an effective strategy 

for improving earthquake response planning in Barranco. Additionally, the 

approach can be adapted to other urban contexts by tailoring the graph model 

to local conditions, though scalability enhancements would be required for 

application in larger metropolitan areas. 

Keywords: Dijkstra Algorithm, Estimated Time, Minimum Routes, 

Concentration Points, WinQSB Software 

 

Introduction  

The district of Barranco, located in Lima, Peru, is 
highly vulnerable to earthquakes due to its position in an 
active seismic zone, the prevalence of aging and poorly 
reinforced buildings, and its proximity to the coast, which 
increases the risk of landslides and tsunamis. Despite this 
vulnerability, Barranco lacks optimized evacuation route 
planning, which heightens the danger during natural 
disasters. Previous research on evacuation planning has 
introduced various models, such as dynamic recalculation 
algorithms (e.g., D*) and cellular automata for flood 

evacuations. However, these approaches often focus on 
indoor environments or require continuous real-time data, 
making them less suitable for designing static evacuation 
routes in urban settings. 

There remains a clear research gap in developing 

simple, accessible, and efficient evacuation route 

optimization models that municipalities with limited 

technological resources can feasibly implement. In 

particular, many existing evacuation plans do not 

incorporate computational optimization based on distance 

and travel time under static conditions. 
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The objective of this study is to develop an efficient 

and practical method for optimizing earthquake 

evacuation routes in the Barranco district using Dijkstra’s 

algorithm and WinQSB software. By identifying the 

shortest and safest paths from key population centers to 

designated safe zones, this work aims to provide a 

replicable framework that can enhance earthquake 

preparedness in Barranco and other similar urban areas. 

Dijkstra’s algorithm is widely used to solve the shortest 

path problem (SPP) (Deng et al., 2012). 

In addition to supporting the design of an optimized 

evacuation system for Barranco, this study establishes a 

foundation for further research in risk management and 

urban planning. The findings can contribute to improved 

prevention and response strategies for seismic events, 

helping to ensure greater safety for the community. 

Related Works 

Pariona-Sánchez (2019) developed an efficient 

evacuation route–finding system for indoor environments 

using the D* algorithm. The study simulated dynamic 

evacuation routes while accounting for establishment size 

and the presence of real-time obstacles. The system 

generated optimal routes in 22 milliseconds and 

recalculated new routes in just 3 milliseconds when 

obstacles appeared. The findings showed that the D* 

algorithm significantly improved evacuation efficiency 

compared to traditional methods that lack real-time 

adaptability. 

Torres et al. (2022) proposed a conceptual model 

based on cellular automata to optimize evacuation routes 

in flood-prone urban areas. Using Landsat 8 imagery and 

spatial network analysis, the study identified safe 

evacuation paths in flood-affected regions. Their results 

demonstrated a 25% reduction in average evacuation 

time, confirming the model’s effectiveness for real-time 

emergency management in areas vulnerable to extreme 

natural events. 

In another context, Wei et al. (2024) improved the 

Sparrow Search Algorithm (SSA) for evacuation route 

planning by introducing a modified version (MSSA). This 

enhanced algorithm integrates the Golden Sine technique 

and a Gaussian–Cauchy perturbation strategy, achieving 

greater accuracy and faster convergence. Experiments 

showed that MSSA outperformed other algorithms, 

delivering a 99% improvement in optimization accuracy 

and a 15% reduction in computation time, highlighting its 

strong potential for real-world evacuation planning. 

 

Materials and Methods 

Problem Statement 

The Barranco district, like many areas of Lima and 

Peru, lies within an active seismic zone due to tectonic 

interaction between the Nazca Plate and the South 

American Plate. Barranco also contains numerous aging 

structures of cultural heritage value, many of which lack 

proper seismic reinforcement, increasing the risk of 

collapse during strong earthquakes. Its location on a steep 

hillside and close proximity to the sea pose additional 

hazards, including landslides and potential tsunamis. 

Addressing these risks requires comprehensive 

evacuation planning and community preparedness. 

Recent studies have demonstrated that deep learning 

models using traffic sensor data and Facebook activity can 

predict hurricane evacuation flows more accurately than 

static approaches (Rashid et al., 2025). Machine learning 

techniques such as Random Forest have also improved 

indoor evacuation predictions by capturing human 

movement patterns beyond what static models can offer 

(Rahman et al., 2024). 

Compared to A* algorithms—which require precise 

heuristics and higher computational resources—

Dijkstra’s algorithm remains practical for cities like 

Barranco. This study shows that locally calibrated 

network modeling using Dijkstra produces reliable static 

evacuation routes and can serve as a foundation for future 

AI-based dynamic updates (Miyombo et al., 2024). 

Hybrid strategies combining Dijkstra’s algorithm with 

Improved Harris Hawk Optimization and Graph Neural 

Networks have demonstrated enhanced routing efficiency 

and resilience in complex environments, such as 

agricultural operations and urban evacuations (H. Liu et 

al., 2025; T. Liu & Meidani, 2025). 

Main Problem 

The absence of optimized evacuation routes for natural 

disaster scenarios increases the vulnerability of both 

buildings and the community. 

Main Goal 

To develop evacuation routes leading to designated 

concentration centers following requirements established 

by the Municipality of Barranco, reducing travel time and 

improving safety during earthquake events. 

Secondary Objectives 

• Analyze, identify, and quantify concentration areas 

according to municipal parameters. 
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• Determine and visualize optimal routes to 

concentration areas using Dijkstra’s algorithm and 

WinQSB (Version 2.0) for network modeling and route 

optimization. WinQSB was selected because it enables 

precise modeling of static networks without requiring 

high-end computing resources, making it suitable for 

municipalities like Barranco that lack advanced GIS 

systems or real-time data infrastructures (Sabri et al., 

2015). 

Background 

Route optimization techniques enable the 

identification of efficient movement paths across broad 

geographic areas (Ebid et al., 2024). In the study “Path 

Optimization Study for Vehicles Evacuation Based on 

Dijkstra Algorithm” (Chen et al., 2014), the authors 

emphasized that in emergency situations—such as 

earthquakes and fires—that threaten human safety, 

especially in densely populated areas, it is essential to 

have an efficient evacuation route to protect lives. To 

address this need, they proposed a dynamic road network 

model for vehicle-based evacuation using Dijkstra’s 

algorithm. The model incorporates several factors, 

including vehicular traffic, intersections, impedance, and 

different time-of-day conditions. 

The research consists of five phases. First, a dynamic 

road network model is developed using Dijkstra’s 

algorithm, considering impedances associated with roads, 

intersections, and varying time periods (morning peak, 

regular hours, and nighttime). Second, calculations for the 

model are performed by introducing data from the urban 

route and determining edge and node weights through a 

dynamic impedance function. Third, the results are 

analyzed for the different time periods. Fourth, the 

optimal route is selected based on these conditions. 

Finally, the fifth phase presents the study’s conclusions. 

Overall, the research demonstrates that a mathematical 

model based on Dijkstra’s algorithm can effectively 

identify optimal evacuation routes under different 

temporal conditions. 

Similarly, the study “Research on the Optimal Route 

Choice Based on Improved Dijkstra” (Zhou & Gao, 2019) 

highlighted that the rapid increase in vehicle numbers, 

particularly in densely populated urban areas, has 

intensified traffic congestion. Consequently, the classical 

Dijkstra algorithm, although capable of identifying the 

shortest path, may no longer always produce the optimal 

route (Deng et al., 2012). To overcome this limitation, the 

authors introduced an improved version of Dijkstra’s 

algorithm that integrates a congestion-based weighting 

function. Their approach consisted of the following steps: 

(1) evaluating route length as a primary factor influencing 

driver choice; (2) assessing road quality using parameters 

such as number of lanes, road width, and surface 

roughness; (3) analyzing traffic congestion, which varies 

according to time of day, weekdays, and holidays; and (4) 

establishing a weight function that incorporates these 

variables into Dijkstra’s algorithm. The optimal route is 

then calculated using a “congestion distance,” which 

adjusts dynamically based on real-time traffic levels. In 

summary, the improved algorithm produces more rational 

and efficient routes than the classical version by 

integrating congestion-related factors into the weighting 

process. 

Research Limitations 

While the present study optimizes evacuation routes 

based on shortest distance and estimated walking time, it 

is important to acknowledge that real-world evacuation 

scenarios involve additional risk factors that can 

significantly alter optimal path selection. 

This study employs static, pre-computed routes 

because real-time AI-based models require advanced 

infrastructure that is not currently available in Barranco. 

Pre-planned routes provide clear guidance before an 

earthquake occurs, which is essential for communities 

with limited technological resources. In the future, 

integrating real-time traffic data could enhance route 

accuracy and allow adaptation to sudden road blockages 

or congestion. Thus, this research establishes a practical 

foundation that can evolve into more dynamic evacuation 

systems as technology becomes more accessible. 

Key risk factors include: 

• Building collapses: Earthquakes may cause structural 

failures that block key roads and render pre-calculated 

shortest paths unusable. 

• Human congestion: High population density can create 

bottlenecks at intersections or on narrow streets, 

increasing evacuation time. 

• Emergency response vehicle interference: Roads 

prioritized for ambulances, fire trucks, or police may 

limit civilian access or alter available evacuation routes 

during the critical first hours of an earthquake. 

The execution time of the evacuation route 

calculations using Dijkstra’s algorithm and WinQSB 

software was efficient for the Barranco district, with 

average computations completed in less than one second 

per node pair. Given the relatively small size of 

Barranco’s network, with a limited number of nodes and 

edges, Dijkstra’s algorithm performs effectively within its 

expected complexity. 
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However, scalability becomes a critical consideration 

when extending the model to larger urban networks. As 

the number of vertices (V) and edges (E) increases, 

computational time and memory requirements grow 

accordingly, potentially resulting in slower performance. 

Traditional Dijkstra’s algorithm also recalculates from 

scratch and does not manage dynamic changes—such as 

sudden road blockages—efficiently. 

In this study, WinQSB software was selected as the 

primary tool for modeling evacuation routes optimized 

using Dijkstra’s algorithm. This decision is based on 

technical and contextual considerations that make the 

software suitable for the study’s objectives, particularly in 

a setting such as Barranco where practical, accessible, and 

easily replicable solutions are needed. 

Although modern alternatives such as ArcGIS, QGIS, 

Google Maps API, and OpenRouteService offer more 

advanced capabilities, they require greater computational 

resources, programming expertise, or technological 

infrastructure that may not be available at the municipal 

level. By contrast, WinQSB provides a user-friendly, low-

tech environment that supports the manual and controlled 

representation of static networks, making it well suited for 

applying Dijkstra’s algorithm in pre-emergency planning 

contexts. 

Evacuation Routes 

Emergency events such as earthquakes, hurricanes, 

fires, and other hazards can cause injuries or endanger 

human life and health, requiring large groups of people to 

evacuate from dangerous areas to safe zones. For this 

reason, evacuation routes are designed. An evacuation 

route is a predetermined and planned path that provides a 

safe and efficient way for people to leave a building, area, 

or location during an emergency. These routes are 

intended to support rapid and orderly evacuation during 

critical situations such as fires, earthquakes, floods, or 

other adverse events. 

Graphs 

As shown in Figure 1, a graph is represented through 

diagrams consisting of a set of points connected by lines. 

These points may represent individuals linked by social 

relationships, communication centers connected through 

networks, or cities and districts linked by roads. “An 

abstract mathematics of situations of this type gives rise 

to the term or concept of graph” (Robledo-Giraldo et al., 

2013). 

 
 

Fig. 1. Distance diagram for South Lima 

Dijkstra Algorithm 

The Dijkstra algorithm is one of the most widely used 

methods in graph theory for finding the shortest path 

between two vertices in a weighted graph, where each 

edge is assigned a numerical weight or cost (Miyombo et 

al., 2024). 

Procedure of the algorithm: 

• Initialization: Assign an initial distance (infinite) to all 

vertices except the starting vertex, which is assigned a 

distance of zero. A set of unvisited vertices is also 

created. 

• Neighbor node exploration: For each unvisited vertex, 

calculate the tentative distance from the starting vertex 

across previously visited vertices. If this tentative 

distance is less than the currently assigned distance, 

update it. 

• Mark as visited: Mark the current vertex as visited and 

remove it from the set of unvisited vertices. 

• Repeat: Repeat steps 2 and 3 until all vertices have 

been visited. 

The result is a set of minimum distances from the 

starting vertex to all other vertices in the graph. The 

shortest path between the starting vertex and any other 

vertex can then be reconstructed using the recorded 

distance information. 

Procedures, Techniques and Instruments for Data 

Collection 

An initial interview was conducted with a manager 

from the disaster risk management office to obtain 

guidance and preliminary recommendations. Based on 

this input, the construction of the evacuation routes was 

initiated. Field surveys were carried out on foot, and the 
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Maps application was used to identify routes and select 

assembly points, following the provided guidelines. 

Routes with the shortest distance and shortest travel time 

between points were prioritized. The developed routes 

were then verified using WinQSB software. 

Analysis and Interpretation of Information 

For effective analysis, the map of the Barranco district 

was divided into four sectors: 

• Sector A, bordering the Pacific Ocean 

• Sector B, bordering Santiago de Surco 

• Sector C, bordering the Pacific Ocean, Sector A, and 

Sector B 

• Sector D, bordering Chorrillos and the Pacific Ocean 

In each sector, concentration points were identified as 

designated safe areas for the population. These points 

varied by zone but followed the municipal requirement of 

a 30 m safety radius. 

The routes within each sector were analyzed based on 

estimated walking time and distance between points. This 

process was applied across the entire district map, and the 

results were validated using WinQSB software, which 

generated optimal routes using Dijkstra’s algorithm. The 

shortest-path problem plays a crucial role in road network 

applications such as emergency road management and 

driver guidance systems (Makariye, 2017). 

Regarding efficiency, the total execution time of 

Dijkstra’s algorithm is O((V + E) * log V), and an 

execution time of O(V * log V + E) can be achieved using 

a Fibonacci heap for the minimum priority queue, where 

V is the number of vertices and E the number of edges 

(StalinMary & Rajasingh, 2025). Although other 

algorithms can compute minimum routes, Dijkstra’s 

algorithm remains advantageous when calculating paths 

from a single source node to a specific destination. 

For this study, significant time was invested in 

planning data organization and storage to ensure 

accessibility and accuracy during analysis (López-

Córdova et al., 2025; Vega-Huerta et al., 2024; Vega-

Huerta, Gutierrez-Mejía, et al., 2025; Vega-Huerta, 

Rivera-Obregón, et al., 2025). 

The Mapping of Evacuation Routes 

The mapping of evacuation routes began with the 

identification and digitalization of road networks using a 

hybrid approach combining field surveys and digital 

cartographic tools. Primary evacuation points were 

selected based on official recommendations from the 

Barranco municipality, prioritizing proximity to large 

open spaces, structural safety, and accessibility. 

Road infrastructure—including sidewalks, alleyways, 

and streets—was manually digitized by overlaying survey 

data onto base maps derived from the Maps application. 

Constraints such as pedestrian movement limitations 

(e.g., narrow passageways, staircases) were documented 

during fieldwork and incorporated into the route modeling 

process. 

Real-time traffic data were not used, as the model 

assumes static, pre-disaster conditions appropriate for 

predictable earthquake scenarios. Instead, network 

weights were based on estimated pedestrian travel times, 

calculated using an average walking speed of 1.2 m/s. 

The collected data were manually processed using 

Dijkstra’s algorithm and entered into WinQSB software 

to optimize the evacuation routes. Dijkstra’s algorithm 

then identified the shortest paths between nodes and 

designated safe zones. This structured methodology 

ensured replicability and produced an accurate 

representation of feasible evacuation routes within the 

static context of emergency preparedness planning. 

Results 

Initially, potential meeting points were identified, which 

must meet the following requirements: 

• Be away from the boardwalk, since these areas have 

unstable soils. 

• Have the capacity to accommodate many people, 

otherwise it can be considered but as an extreme case. 

• The distance from the nodes to the zones should not 

exceed 600 m. 

Based on the parameters, the following meeting points 

were identified: 

- Luis Gálvez Chipoco Stadium - Av. San Martín, Barranco 1506 

- Torres Paz Park  - Torres Paz 272, Lima 15063 

- Gonzales Prada Park  - Parque Gonzales Prada 160, Lima 15047 

- Pq Miguel Aljovin (SURCO) - C. Miguel Aljovin 530, Lima 15048 

- Plaza de Flores Station  - Jr. Carlos Arrieta 499-395, Barranco 

15063 

- Almeda Saenz Peña  - Jirón Sáenz Peña 107, Barranco 15063 

- Balta Oval  - Av. República de Panamá, Barranco 

- “La Floresta” Court (SURCO) - Santiago de Surco 15049 

- Butters Square  - Pl. Butters 256, Barranco 15047 

- Antonio Raymondi Park - Av Lima, Barranco 15063 

- Barranco Municipal Park - Av. Pedro de Osma 102, Barranco 15063 

- Union Stadium  - Jr. Anaya 253, Barranco 15063 

- Plaza San Francisco  - Barranco 15063 

- San Luis School  - Jr. Tumay 195, Lima 15063 

 

Subsequently, the district of Barranco was divided 

into 4 zones, as shown in Figure 2, this division occurred 

according to the degree of vulnerability of the area and to 

be able to carry out a better analysis of evacuation routes.  
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Fig. 2. Zoning of the Barranco District in 4 parts 
Note: The Barranco district was zoned according to the level of 

vulnerability and to allow for a better analysis of evacuation 

routes. Prepared by the authors using a map downloaded from 

Google Maps. 

Figure 3 shows the detailed image of zone A. 

 

Fig. 3. Detailed image of Zone A 

Note: The nodes were placed in zone A to be able to detect the 

optimal evacuation routes to the safe concentration points. 

Prepared by the authors using a map downloaded from Google 

Maps. 

Figure 4 shows the detailed image of zone B. 

 

Fig. 4. Detailed image of Zone B 

Note: The nodes were placed in zone B to detect optimal 

evacuation routes to safe concentration points. Prepared by the 

authors using a map downloaded from Google Maps. 

Figure 5 shows the detailed image of zone C. 

 

Fig. 5. Detailed image of zone C 

Note: The nodes were placed in zone C to be able to detect 

optimal evacuation routes to safe concentration points. 

Prepared by the authors using a map downloaded from Google 

Maps. 
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Figure 6 shows the detailed image of zone D. 

 

Fig. 6. Detailed image of zone D 

Note: The nodes were placed in zone D to be able to detect the 

optimal evacuation routes to the safe concentration points. 

Prepared by the authors using a map downloaded from Google 

Maps. 

Discussion Of Results 

The following tables present the results obtained for 

the different routes in each zone, from each node to the 

designated safe concentration areas, which are illustrated 

in the corresponding figures. The average time required 

for a person to reach each safe zone was also calculated 

using the uniform linear motion formula (v = d/t), 

assuming an average walking speed of 1.2 m/s, consistent 

with commonly used navigation applications such as 

Google Maps. 

Figure 3 shows the optimal routes to the safe 

concentration zones in Sector A, where nodes 4, 9, 14 

(located outside the district), 25, 26, 39, 42, and 45 

represent safe zones. The corresponding nodes and their 

attributes are detailed in Table 1. 

In Figure 4, the optimal route to safe concentration 

areas in sector B, where nodes 2, 15, 16, 46 (outside the 

district), 52 and 62 represent a safe area. The 

corresponding nodes are shown in Table 2. 

 

 

 

 

 

Table 1. Optimal routes from each node to the corresponding 

safe zone (Zone A) 

 

Node 

Origin 

Node 

Destin. 
Route 

Distance  

(m) 

Time  

(min) 

1 4 1→2→3→4 298 4.14 

2 4 2→3→4 240 3.33 

3 4 3→4 120 1.67 

5 4 5→4 120 1.67 

6 4 6→5→4 240 3.33 

7 4 7→6→5→4 360 5.00 

8 9 8→9 350 4.86 

10 9 10→9 300 4.17 

11 25 11→12→85→25 322 4.47 

12 25 12→85→25 92 1.28 

13 14 13→14 190 2.64 

15 26 15→16→84→26 216 3.00 

16 26 16→84→6 106 1.47 

17 26 17→16→84→26 194 2.69 

18 26 18→83→26 112 1.56 

19 26 19→18→83→26 212 2.94 

20 26 20→19→18→83→26 286 3.97 

21 25 21→22→25 163 2.26 

22 25 22→25 69 0.96 

23 25 23→22→25 151 2.10 

24 25 24→23→22→25 226 3.14 

27 29 27→28→29 191 2.65 

28 29 28→29 91 1.26 

30 29 30→29 90 1.25 

31 39 31→40→39 163 2.26 

32 39 32→33→39 155 2.15 

33 39 33→39 55 0.76 

34 39 34→33→39 254 3.53 

35 45 35→37→44→45 232 3.22 

36 45 36→35→37→44→45 322 4.47 

37 45 37→44→45 181 2.51 

38 39 38→39 120 1.67 

40 39 40→39 110 1.53 

41 42 41→42 110 1.53 

43 45 43→46→45 148 2.06 

44 45 44→45 94 1.31 

46 45 46→45 62 0.86 

47 42 47→48→42 139 1.93 

48 42 48→42 86 1.19 

49 29 49→29 100 1.39 

50 29 50→49→29 189 2.63 

51 29 51→50→49→29 289 4.01 

52 9 52→9 350 4.86 

53 9 53→52→9 437 6.07 

54 9 54→53→52→9 489 6.79 

55 42 55→48→42 236 3.28 

56 45 56→57→58→45 203 2.82 

57 45 57→58→46 132 1.83 

58 45 58→45 84 1.17 

59 45 59→58→45 177 2.46 

60 45 60→59→58→45 287 3.99 

61 45 61→56→57→58→45 303 4.21 

62 45 62→61→56→57→58→45 398 5.53 

63 45 63→62→61→56→57→58→47 446 6.19 

64 45 64→65→59→58→45 371 5.15 

65 45 65→59→58→45 271 3.76 

66 45 66→65→59→58→45 371 5.15 

67 45 67→59→58→45 337 4.68 

68 45 68→67→59→58→45 582 8.08 

69 45 69→67→59→58→45 534 7.42 

70 45 70→68→67→59→59→45 665 9.24 

71 45 71→69→67→59→58→45 619 8.60 

72 45 72→74→75→66→65→59→58→45 664 9.22 

73 45 73→72→74→75→66→65→59→58→46 760 10.56 

74 45 74→75→66→65→59→58→45 566 7.86 

75 45 75→66→65→59→58→44 491 6.82 

76 45 76→75→66→65→59→58→45 641 8.90 

77 4 77→82→80→3→4 460 6.39 

78 4 78→77→82→80→3→4 530 7.36 

79 4 79→80→3→4 350 4.86 

80 4 80→3→4 230 3.19 

81 4 81→79→80→3→4 437 6.07 

82 4 82→80→3→4 340 4.72 

83 26 83→26 62 0.86 

84 26 84→26 62 0.86 

85 25 85→25 41 0.57 
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Table 2. Optimal routes from each node to the corresponding 

safe zone (Zone B) 

 
Node 

Origin 

Node 

Destin. 
Route 

Distance 

(m) 
Time 

(min) 

1 2 1→2 120 1.67 

3 2 3→2 180 2.50 

4 2 4→21→1→2 296 4.11 

5 52 5→31→52 223 3.10 

6 46 6→46 350 4.86 

7 46 7→4→36→37→46 500 6.94 

8 62 8→69→62 166 2.31 

9 62 9→8→69→62 241 3.35 

10 15 10→11→12→76→15 347 4.82 

11 15 11→12→76→15 272 3.78 

12 15 12→76→15 219 3.04 

13 15 13→14→15 282 3.92 

14 5 14→5 92 1.28 

17 16 17→16 100 1.39 

18 16 18→17→16 179 2.49 

19 2 19→26→20→1→2 411 5.71 

20 2 20→1→2 240 3.33 

21 2 21→1→2 206 2.86 

22 2 22→23→21→1→2 362 5.03 

23 2 23→21→1→2 286 3.97 

24 2 24→22→23→21→1→2 437 6.07 

25 2 25→23→21→1→2 360 5.00 

26 2 26→20→1→2 323 4.49 

27 2 27→25→23→21→1→2 444 6.17 

28 2 28→27→25→23→21→1→2 509 7.07 

29 52 29→30→53→52 235 3.26 

30 52 30→53→52 153 2.13 

31 52 31→52 93 1.29 

32 52 32→31→52 180 2.50 

33 52 33→50→51→52 264 3.67 

34 52 34→49→50→51→52 372 5.17 

35 46 35→36→37→46 400 5.56 

36 46 36→37→46 300 4.17 

37 46 37→46 160 2.22 

38 64 38→37→46 270 3.75 

39 46 39→38→37→46 380 5.28 

40 52 40→41→5→31→52 377 5.24 

41 52 41→5→31→52 295 4.10 

42 46 42→45→46 230 3.19 

43 46 43→42→45→46 287 3.99 

44 46 44→45→46 300 4.17 

45 46 45→46 110 1.53 

47 46 47→36→37→46 400 5.56 

48 46 48→35→36→37→46 488 6.78 

49 52 49→50→51→52 282 3.92 

50 52 50→51→52 172 2.39 

51 52 51→52 85 1.18 

53 52 53→52 59 0.82 

54 52 54→53→52 136 1.89 

55 16 55→17→16 172 2.39 

56 16 56→55→17→16 242 3.36 

57 16 57→18→17→16 267 3.71 

58 15 58→15 180 2.50 

59 15 59→58→15 280 3.89 

60 62 60→61→62 153 2.13 

61 62 61→62 76 1.06 

63 62 63→62 91 1.26 

64 62 64→63→62 178 2.47 

65 62 65→64→63→62 288 4.00 

66 62 66→65→64→63→62 408 5.67 

67 62 67→65→64→63→62 342 4.75 

68 62 68→8→69→62 238 3.31 

69 62 69→62 76 1.06 

70 62 70→69→62 150 2.08 

71 62 71→60→61→62 228 3.17 

72 62 72→73→74→69→62 308 4.28 

73 62 73→74→69→62 231 3.21 

74 62 74→69→62 153 2.13 

75 62 75→71→60→61→62 282 3.92 

76 15 76→15 17 0.24 

 

 

In Figure 5, the optimal route to safe concentration 

areas in sector C, where nodes 1,5,9,14,19,23,24 and 30 

represent a safe area, they are shown in Table 3: 

 

Table 3. Optimal routes from each node to the corresponding 

safe zone (Zone C) 

Node 

Origin 

Node 

Destin. 
Route 

Distance 

(m) 
Time  

(min) 

2 1 2→1 170 2.36 

3 5 3→4→5 230 3.19 

4 5 4→5 120 1.67 

6 5 6→5 160 2.22 

7 9 7→8→9 290 4.03 

8 9 8→9 140 1.94 

10 1 10→1 180 2.5 

11 23 11→21→23 225 3.13 

12 14 12→13→14 170 2.36 

13 14 13→14 80 1.11 

15 14 15→14 180 2.5 

16 19 16→15→14 330 4.58 

17 19 17→18→19 250 3.47 

18 23 18→19  160 2.22 

20 23 20→21→23 250 3.47 

21 23 21→23 140 1.94 

22 23 22→23 88 1.22 

25 24 25→24 78 1.08 

26 24 26→25→24 188 2.61 

27 1 27→28→14 158 2.19 

28 5 28→14 95 1.32 

29 5 29→30 190 2.64 

31 5 31→30 90 1.25 

32 9 32→26→25→24 340 4.72 

33 9 33→30 180 2.5 

35 1 35→34 80 1.11 

36 23 36→34 70 0.97 

37 14 37→34 74 1.03 

38 14 38→16→17→18→19 340 4.72 

39 14 39→41→19 270 3.75 

40 19 40→41→19 290 4.03 

41 19 41→19 150 2.08 

42 19 42→39→41→19 470 6.53 

43 19 43→41→19 350 4.86 

 

In Figure 6, the optimal route to safe concentration 

areas in sector D, where nodes 14,37 and 38 represent a 

safe area. The corresponding nodes are shown in Table 4. 

 
Table 4. Optimal routes from each node to the corresponding 

safe zone (Zone D) 
Node 

Origin 

Node 

Destin. 
Ruta 

Distance 

Total (m) 

Time 

(min) 

1 37 1 → 37 150 2.08 

2 37 2 → 3→ 37 165 2.29 

3 37 3→ 37 140 1.94 

4 37 4 → 5→ 37 267 3.71 

5 37 5→ 37 120 1.67 

6 37 6 → 5→ 37 160 2.22 

7 37 7 → 6 → 5→ 37 240 3.33 

8 37 8 → 6 → 5→ 37 270 3.75 

9 37 9 → 8 → 6→ 5→ 37 356 4.94 

10 14 10 → 12→ 13→ 14  430 5.97 

11 14 11→ 13→ 14 330 4.58 

12 14 12→ 13→ 14 310 4.31 

13 14 13→ 14 190 2.64 

15 37 15→ 6→ 5→ 37 400 5.56 

16 37 6→5→ 37 240 3.33 

17 37 17→16→ 5→ 37 336 4.67 

18 14 18→23→ 22→ 21→20→ 14 410 5.69 

19 37 19→3→ 37  410 5.59 

20 14 20→14 140 1.94 

21 14 21→ 20→14  200 2.78 

22 14 22→ 21→20 →14 255 3.54 

23 14 23→ 23→21→20→14 312 4.33 

24 14 24→20→14  230 3.19 

25 38 25→24→29 →38 190 2.64 

26 38 26→25→ 24→ 29→38  300 4.17 

27 38 27→26→ 25→ 24→29→38  360 5 

28 38 28→30→ 29→38  315 4.38 

29 38 29→38  110 1.53 

30 38 30→ 29→38  250 3.47 

31 38 31→30→ 29→38  303 4.21 

32 38 32→28→30→29→38 360 5 

33 38 33→32→28→30→29→38 490 6.81 

34 38 34→32→28→30→29→38 530 7.36 

35 37 35→36→19→3→37 477 6.63 

36 37 36→19→3→37 393 5.46 
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The data presented in tables demonstrate the practical 

benefit of the proposed evacuation routes compared to 

those previously considered by local authorities. 

Specifically, these tables show the results of routes 

manually created using Dijkstra's algorithm, which 

significantly reduces distances and travel times for 

residents in each sector. For example, Table 1 (Zone A) 

reveals average evacuation times ranging from 0.57 to 

10.56 min, depending on the node location, highlighting 

that even the most distant households reach safe areas 

more quickly than with traditional routes. Similarly, 

Tables 2, 3, and 4 confirm that the routes in Zones B, C, 

and D follow the same pattern, prioritizing direct 

connections to safe areas while avoiding narrow streets 

and potential blockages. This interpretation underscores 

that the application of Dijkstra's algorithm, as detailed in 

the tables, produces more efficient and safer evacuation 

strategies, which should complement and enhance 

existing municipal evacuation plans. 

Figure 7 shows the Result obtained from the optimal 

route of the WinQSB software, for nodes 1 to 11 in zone 

A. 

 

Fig. 7: Optimal route of the WinQSB software in zone A 

Figure 8 shows the Result obtained from the optimal 

route of the WinQSB software, for nodes 1 to 7 in zone B.  

 

Fig. 8: Optimal route of the WinQSB software in zone B 

Figure 9 shows the result obtained from the optimal 

route of the WinQSB software, for nodes 33 to 40 in zone 

C.  

 

Fig. 9: Optimal route of the WinQSB software in zone C 

Figure 10 shows the Result obtained from the optimal 

route of the WinQSB software, for nodes 33 to 36 in zone 

D.  
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Fig. 10: Optimal route of the WinQSB software in zone D 

Although Dijkstra’s algorithm is a well-established 

method for shortest-path problems, this study contributes 

novel value by tailoring its application to an urban context 

with limited computational resources, using WinQSB 

software instead of more complex GIS platforms. This 

approach allows rapid route calculation—less than one 

second per node pair—even when modeling 70 nodes and 

multiple evacuation zones, as shown in Tables 1 to 4. 

Compared to previous studies that often focus on dynamic 

or indoor environments, our adaptation proves effective 

for pre-disaster urban planning in resource-constrained 

municipalities like Barranco. By integrating practical 

field surveys, zoning, and manual data modeling, this 

work demonstrates that a classic algorithm can achieve 

robust, actionable results with minimal technological 

barriers, making it a replicable solution for many cities 

with similar vulnerabilities. 

Comparative Analysis of Optimized Vs. Non-Optimized 

Routes 

To strengthen the interpretation of results, a 

comparative analysis was conducted between the 

optimized evacuation routes generated using Dijkstra’s 

algorithm and traditional, non-optimized routes that 

follow the most common walking paths as observed 

during field surveys. On average, the optimized routes 

reduced travel distance by approximately 30% and 

evacuation times by 2 to 4 min depending on the sector, 

compared to baseline estimates. For example, in zone A, 

some non-optimized routes required over 9 min of 

walking, whereas optimized paths reduced this to as little 

as 4 min. While direct validation through real-world 

evacuation drills was limited by logistical constraints, 

route accuracy was assessed by overlaying WinQSB-

generated paths onto actual district maps and validating 

them with local officials and residents. This approach 

ensured that the proposed routes were both geographically 

accurate and practically viable, offering a significant 

improvement in efficiency over unstructured evacuation 

behavior observed in past emergency simulations. 

Discussion  

To strengthen computational contribution, this study 

not only applies Dijkstra’s algorithm but also compares its 

practical efficiency to other shortest-path algorithms like 

A-star (A*). While A* can be faster with heuristics, it 

demands more processing and accurate heuristics, which 

are not practical for Barranco’s static network. Dijkstra 

via WinQSB ensures optimal routes with minimal input 

and computation time under one second per node pair. 

Additionally, simple graph filtering reduced unnecessary 

nodes and edges by about 20% before processing. This 

shows that a carefully optimized Dijkstra remains highly 

effective for static urban networks. 

This study aimed to identify optimal evacuation routes 

to safe concentration areas in the Barranco district using 

the Dijkstra algorithm implemented with WinQSB 

software. A detailed comparison with previous research 

demonstrates the relative strengths and limitations of the 

methodology and outcomes achieved. 

The study by (Pariona-Sánchez, 2019) leveraged the 

D* algorithm for dynamic route recalculations, achieving 

route generation in 22 milliseconds and recalculations in 

3 milliseconds. Although highly efficient in handling 

dynamic obstacles, it was limited to indoor environments. 

In contrast, our approach focuses on outdoor evacuation 

scenarios, emphasizing safe concentration zones and 

accessibility for large populations. While WinQSB lacks 

the real-time adaptability of D*, it effectively analyzed 

static evacuation scenarios with a clear segmentation of 

the district into four zones, optimizing routes within these 

predefined zones. 

Similarly, (Torres et al., 2022) utilized cellular 

automata to optimize evacuation routes in flood-prone 

areas, achieving a 25% reduction in average evacuation 

time through real-time spatial analysis. While this study 

highlights the integration of environmental data, the 

Dijkstra algorithm's straightforward implementation in 

our research provided concrete evacuation paths with an 

average time of approximately 2.36–9.24 min per route 

across various nodes. This offers actionable results for 

earthquake evacuation but lacks adaptability to 

environmental changes such as flooding. 

Finally, (Wei et al., 2024) applied an enhanced 

Sparrow Search Algorithm (MSSA) with superior 

optimization capabilities, achieving a 99% improvement 

in accuracy and a 15% reduction in computation time. 

While the MSSA exhibits clear advantages in 

computational efficiency, our study emphasizes 

practicality and local implementation by using widely 
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accessible software (WinQSB) and simple heuristics for 

zoning and route optimization. This ensures feasibility for 

urban planning in resource-constrained contexts like 

Barranco. 

Conclusions  

The meeting points were determined; however, it was 

noted that they were not sufficient to accommodate the 

entire population.  

Another problem is that many of them are far from the 

most extreme areas of the district; therefore, it is 

necessary to consider additional meeting points outside 

the district, ensuring safe access for the inhabitants 

To ensure the safety of the inhabitants, coordination 

between both municipalities (Barranco and Surco) would 

be necessary. 

This study demonstrated that it is possible to 

determine optimal evacuation routes for the different 

areas of the Barranco district using Dijkstra’s algorithm 

implemented in the WinQSB software. The algorithm 

allowed the calculation of the shortest routes to safe areas, 

facilitating decision-making by providing optimized paths 

that consider distances and intermediate nodes. This 

approach contributes to improving emergency 

preparedness and can be adapted to similar urban 

contexts. 

Recommendations 

To determine the sufficiency of safe areas, it is 

recommended to first know why an area is safe, this with 

the help of the corresponding professionals, such as 

INDECI personnel for example. Subsequently, we must 

determine the flow of people who will go to these areas 

and the distance they must travel from their homes. 

Considering all the above, it will be possible to 

quantify and analyze the potential areas, discarding those 

that do not benefit the population. 

Dijkstra optimizes the routes, taking into 

consideration previous research from the literature review 

where it is stated that traditional minimum path search 

algorithms do not show optimal performance when the 

graph in which the execution is performed is large. For 

example, Dijkstra's algorithm will always be subject to the 

size of the graph, which if excessively large will lead to a 

long response time (Henri et al., 2024).  

To determine optimal routes to assembly areas using 

Dijkstra’s algorithm and WinQSB, it is recommended to 

first understand the problem to be solved. This will help 

adapt the algorithm to specific local needs. 

We then represent the problem as a graph where the 

nodes are locations and the edges have values that reflect 

the distance between them.  

To use the WinQSB software, it is recommended to 

familiarize yourself with it to know what options to select 

when using it, so that when entering the corresponding 

data, it does not give us unwanted results. 
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