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Abstract

Introduction: this article presents the development of a web application designed to visualize data related to lightning occurren-
ces, using information provided by the lightning location network World Wide Lightning Location Network (WWLLN)..

Objetive: the aim of this study is to develop a tool that enables the visualization of lightning data, facilitating its analysis through
the use of agile methodologies such as extreme programming and Scrum..

Methodology: the development methodology of the application includes the use of extreme programming and Scrum, covering
software architecture, interface design, and the execution of functional and integration testing to ensure system performance and
functionality.

Results: the application was validated using lightning data from the department of Cundinamarca, Colombia, showing intense
electrical activity in the Bajo Magdalena region, particularly in the municipalities of Yacopi and Caparrapi. A peak in activity was
observed around 9:00 p.m. local time. The obtained results align with findings from previous studies conducted in broader areas,
validating the effectiveness of the application.

Conclusions: the web application demonstrated in this article facilitates the processing and analysis of large volumes of lightning
data, confirming its usefulness for studies in different regions and contributing to the monitoring of electrical phenomena.

Keywords: lightning, WWLLN, extreme programing, scrum, web application.

Resumen

Introduccion: este articulo presenta el desarrollo de una aplicacion web disefiada para visualizar datos relacionados con la ocurrencia de
rayos, utilizando la informacién suministrada por la red de localizacién de rayos World Wide Lightning Location Network (WWLLN)..

Objetivo: el objetivo de este estudio es desarrollar una herramienta que permita la visualizacion de datos sobre rayos, facilitando su andlisis

mediante el uso de metodologias agiles como programacién extrema y Scrum..

Metodologia: la metodologia de desarrollo de la aplicacién incluye el uso de programacion extrema y Scrum, abarcando la arquitectura de

software, el disefio de interfaces y la ejecucién de pruebas funcionales e integracion para garantizar el rendimiento y la funcionalidad del
sistema.
Resultados: ILa validacion de la aplicacion se realizé con datos de rayos del departamento de Cundinamarca, Colombia, mostrando una

intensa actividad eléctrica en la provincia del Bajo Magdalena, especialmente en los municipios de Yacopi y Caparrapi. Se observd un pico de
actividad eléctrica alrededor de las 9:00 p.m. hora local. Los resultados obtenidos coinciden con los hallazgos de estudios previos realizados

en areas mas amplias, lo que valida la efectividad de la aplicacion.

Conclusiones: la aplicacién web demostrada en este articulo facilita el procesamiento y analisis de grandes volumenes de datos relacio-
nados con la actividad de rayos, confirmando su utilidad para estudios en diversas regiones y contribuyendo al monitoreo de fenémenos
eléctricos.
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Contribution to the literature

Why was it done?

The web application was developed as a tool to process lightning data and identify occurrence patterns. This capability allows
users to determine when and where lightning events occurred, supporting enhanced understanding and planning to mitigate
lightning-related risks.

What were the most relevant results?

The two primary outcomes of this project were, first, the development of the web application guided by the combined prin-

ciples of extreme programming and Scrum methodologies, ensuring an agile and iterative development process. The second
significant outcome was the validation of the tool using actual lightning data, which yielded some insights into the lightning
activity patterns within the Department of Cundinamarca.

What do these provide results?

The first outcome demonstrates to new researchers how to develop tools for processing lightning data, offering a framework
and practical guidance for similar projects. The second outcome highlights the potential of filtering lightning data to identify
occurrence patterns, which can play a crucial role in creating effective mitigation and safety plans. These results collectively
contribute to advancing both methodological approaches and practical applications in lightning risk management.
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Introduction

Lightning is a natural phenomenon characterized by the transfer of electric charge, typically
originating from an electrified cloud (Cumulonimbus) (1), (2). Discharges may occur within a
single cloud, between clouds, into the surrounding air, or to the ground. However, under specific
conditions, lightning can also accompany volcanic eruptions and firestorms (3), (4).

Most lightning occurs in the troposphere, with only about 25% reaching the ground as cloud-
to-ground (CG) discharges (5). These discharges transfer high-intensity currents to the Earth,
producing visible flashes and audible thunder. The rapid heating of air along the discharge path
ionizes air molecules, emitting photons and generating shockwaves.

Regions with intense lightning activity are typically located in intertropical zones, where
topography, rainfall, and wind patterns favor its production (6). Northern South America,
consistently ranked as one of the regions with the highest lightning activity, exemplifies this
phenomenon (7). Here, lightning poses significant risks to human life, animals, and infrastructure,
particularly from CG discharges (8).

A study conducted in Colombia between 1997 and 2014 reported an annual lightning-related
mortality rate of 1.78 deaths per million inhabitants, equating to approximately 80 fatalities per
year (9). Most incidents occurred in rural areas, where outdoor activities are common. Similarly, an
analysis of data from 1997 to 2014 revealed a mortality rate of 1.51 per million annually (10). Both
studies rank Colombia among the Latin American countries with the highest mortality rates from
lightning strikes.

These findings underscore the need to study lightning in Colombia to understand its characteristics
and develop effective mitigation strategies (11). The initial step is identifying when and where
lightning occurs. Such information supports the creation of climatological maps illustrating
lightning activity, aiding in the development of measures to minimize the impact of CG discharges
on people and infrastructure (12).

Detecting the origin of a CG discharge requires a network of sensors to monitor changes in
ambient electric and magnetic fields. These networks typically include measurement stations
equipped with loop antennas to detect magnetic fields in the VLF band, complemented by
additional instrumentation for polarity estimation (13). Data from these stations are combined to
estimate discharge origins using methods such as Direction Finding (DF), Time of Arrival (TOA), or
Time of Group Arrival (TOGA) (14) (15).

Detection networks provide lightning location data, including latitude, longitude, and the
discharge's estimated timestamp (16). Some networks also estimate the peak current and
discharge polarity (positive or negative), depending on the available instrumentation. However,
georeferenced graphical representations of lightning locations are often missing. Such
visualizations enhance data interpretation, making the information more accessible to a wider
audience.

U o)
¥ [ngenieria y Competitividad, 2025 vol 27(1) e-20514326/ ene-mar

3 /16

doi: 10.25100/iyc.v27i1.14326


https://doi.org/10.1007/978-94-017-8938-7
https://books.google.com.co/books?hl=es&lr=&id=NviMsvVOHJ4C&oi=fnd&pg=PA308&dq=Lightning:+Physics+and+Effects&ots=uO6nCzNIE-&sig=6ZJ3kMDbxUIaH1oE0-HBVETsz9s&redir_esc=y#v=onepage&q=Lightning%3A%20Physics%20and%20Effects&f=false
https://doi.org/10.1016/j.jvolgeores.2021.107449
https://doi.org/10.1029/94JD02956
https://doi.org/10.1175/BAMS-D-16-0061.1
https://doi.org/10.1175/BAMS-D-14-00193.1
https://doi.org/10.1175/JCLI-D-15-0124.1
https://doi.org/10.1109/ICLPandSIPDA54065.2021.9627393
https://doi.org/10.18273/revuin.v17n2-2018006
https://repositorio. unal. edu. co/bitstream/handle/unal/75636/ASCB_Evaluaci% C3% B3n% 20del% 20riesgo% 20por% 20rayos% 20para% 20Colombia. pdf, 2019.
https://doi.org/10.1109/ICEAA.2018.8520371
https://doi.org/10.1007/978-981-16-3440-6_3
https://doi.org/10.1007/s00376-014-0003-z
https://doi.org/10.1109/ACCESS.2020.3031810
https://doi.org/10.1002/2014GL061963
https://doi.org/10.1007/s42865-023-00060-9

Web application for lightning occurrence visualization: Lightspot

i~
N

Globally, an estimated 40 to 50 lightning events occur every second, amounting to millions of
discharges daily (17). Managing and plotting this massive volume of data is challenging. For
example, a dataset from central Colombia contains over 80 million records spanning five years,
averaging 16 million events annually or about 40,000 discharges daily. This study sourced lightning
data from the first 15 days of October 2022 from the World Wide Lightning Location Network
(WWLLN).

While many previous studies have identified lightning patterns, they often lack details on the tools
used for data processing and pattern recognition (18), (19), (20). This study addresses this gap by
detailing the development and validation of a tool for identifying lightning activity patterns. This
contribution fills a critical void in existing research and provides a framework for future studies to
publish validated lightning patterns using this tool.

Methodology

The Lightspot web application is designed to be an accessible tool for both the general public
and registered users, enabling them to view lightning occurrence data across various regions. Its
primary purpose is to provide a platform where users can upload plain text files in WWLLN format
containing lightning strike records, thereby facilitating the analysis of lightning activity patterns

in specific areas. Currently, the application allows users with administrator roles to upload data,
making it accessible to all users. Lightspot is in the functional development stage and is planned
to be launched online in the future, offering broader access and the potential for integrating new
features based on user needs.

The authors developed a web application called Lightspot using a combination of eXtreme
Programming (XP) selected for its emphasis on high-quality software development and Scrum
methodologies that provide a collaborative framework for task management. Both methodologies
emphasize teamwork, continuous feedback, and delivering software in short development cycles.

The project was organized into five iterative deliveries, or sprints, allowing for incremental progress
and the delivery of minimal viable functional products. Figure 1 illustrates the six phases of the

XP methodology, integrating artifacts from the Scrum framework to support iterative software
development and project organization.
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Figure 1. Methodology phases for web application development
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Requirements

Roles for project participants were defined, including product owner, development team, and

stakeholders. A literature review was conducted to identify similar software developments focused

on visualizing lightning. User stories were created to guide the development team in selecting

suitable technologies and exploring potential software architectures. Functional requirements for

the web application were gathered following the IEEE 830 standard, as summarized in Table 1.

Table 1 Web application functional requirements

Module Cod.  Requirement
Variable Measurement RF-1  Load text file with lightning occurrence records
RF-2  Delete last lightning record
RE-3 Display geographical location of lightning
o records
Data Visualization RF-4  Filter map by location
RF-5  Filter map by time
RF-6  Display lightning record statistics in charts
RF-7  Filter charts by time
RF-8  Filter charts by location
Report Generation RF-9  Generate lightning record reports
RF-10 Filter reports by time
RF-11 Filter reports by location
User Management RF-12  Authenticate user
RF-13  Register user
RF-14 Activate user account via email
RF-15 List registered users

The ISO/IEC 25010 standard was used as a reference for non-functional requirements, focusing on

performance efficiency, resource usage, storage capacity, usability aligned with user experience

guidelines, and maintainability.

Table 2 Web application non-functional requeriments

Feature Code Requirement
Performance RNF-1 Resource Utilization
Efficiency
RNF-2 Capacity
Usability RNF-3 Operability
User Interface
RNF-4 :
Aesthetics
Maintainability RNF-5 Modularity
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Visual Studio Code was used for frontend development, while PyCharm was employed for backend
construction. Version control was managed through a GitHub repository. MongoDB Compass
facilitated database management, and Postman was utilized to send HTTP requests for validating
API behavior.

Planning

In this phase, the iterative sprint process began with user stories prioritized from the product
backlog. A Kanban board tool was used to manage and visualize the team’s workflow across three
columns: pending work, work in progress, and completed work. The development of the web
application was organized into five sprints based on complexity:

First sprint: Developed user authentication, record loading from a text file, and information display
on a geographic map.

Second sprint: Implemented filters on the geographic map by location (department and
municipality) and time (hours and dates). Developed an interface for deleting loaded records using
a drop-down list.

Third sprint: Created a dashboard with descriptive graphs of the records, enabling data synthesis
for areas of interest using applied filters.

Fourth sprint: Added report generation functionality to summarize filtered information, including a
table of database records.

Fifth sprint: Enabled registration of additional users and account activation via confirmation email.

Additionally, user stories were visualized using a Visual Story Mapping tool, illustrating the
requirements established by the product owner.

Design

The software structure was designed to ensure a simple and adaptable data model capable of
accommodating potential changes during implementation. The development team created an
architecture model to visually represent the required functionalities, employing use case diagrams
and mockups to illustrate user interactions with the application.

A NoSQL database was selected to efficiently manage the large volume of data provided by

the WWLLN network. Additionally, a distributed software architecture was designed to support
horizontal scaling in future versions, enabling the addition of nodes as data volume grows. Figure
2 presents the structure of the three database collections, with their properties detailed in JSON
format.
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!

users

{

_id: <Objectidt,

fullvame: " Yuliana Vepes”,

email "yulit23@gmaicom’,

passwiord: "S$2b5128pndwK S22 "

role: =Objectidz>

created_at: 2023-01-01 17:45:20 500+00:00
}

'
{
_id: <Objectidd,
occurrence_date: 2020-12-31 23:57:16.400+00:00
lat 767912
lon: 28657
residual_fit_error: 1435,
stations: 5
location: {
country:"CO"
state: "Cundinamarca’
city: "Fusagasugd”

User <Objectid =,

file: "A20200125.loc”,
created_at 2023-01-27 12:45:20.500+00:00,
}
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Figure 3 presents the case use diagram depicting the system’s functionalities from the end user’s
perspective. The diagram identifies the actors involved and illustrates the relationships between

lightspot

roles

_id: Objectld
name: String
permissions: Array

users

v

_id: Objectld
fullname: String
email: String
password: String
role: Objectld
created_at: Date

L

flashes

_id: Objectld
accurrence_date: Date
lat: Double

lon: Double
residual_fit_error: Double
stations: Int

location: {

country: String

state: String

city: String

Iy user: Objtecld
file: String
created_at: String

Figure 2. Collection framework representation of the web application

them within the system.
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Figure 3. Use case diagram of the web application.

Model C4 was chosen as the architectural framework for the system because it effectively
communicates the software structure to stakeholders, promoting product quality and scalability.

Figure 4 presents the context diagram, offering an overview of the software and its environment.

It identifies the relationships and actors involved in the system, as well as external systems that
interact with Lightspot. Additionally, Figure 4 illustrates the software’s functionalities and its
communication with external services, such as OpenStreetMap.
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Figure 4. Context diagram showing the interactions between system and external entities.

Figure 5 describes the system components, including applications, databases, and web services.

Each container is identified along with its functions and the interfaces used for communication
between them. The identified containers are:

Flashes: Manages the service for uploading files, querying logs using filters, and deleting logs.
User: Handles services for the registration and listing of new users.

Role: Manages and queries roles.

Auth: Handles user authentication and permission authorization according to roles.

Report: Generates reports in PDF format.

Email sender: Sends emails using the SMTP protocol.
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api-lightspot

i

email_sender

Figure 5. Container architecture of the web application.

The next development phase focused on creating a component diagram that outlines the
functionalities of each container. Each container follows a layered architecture with three main
components: the router, which manages the endpoints; the service, which contains the business
logic for its domain; and the repository, which handles data access. In addition, visual prototypes
(mockups) were created to illustrate potential interfaces for the application using the MockFlow
tool.

Coding

In this phase, the development team defined the technologies and frameworks to ensure the
creation of reliable, maintainable code while simplifying the incremental development of the
project. The functional interfaces developed during the sprints were presented. For the frontend,
Vue.js was chosen for its ability to execute JavaScript through Node js, with Vuetify serving as the
framework. Vuetify provides pre-designed components that facilitate the development of intuitive
interfaces that adhere to user experience guidelines. The application includes features such as
loading text files, viewing records on a geographic map with specific markers, and visualizing
information through graphics.

The Upload File interface allows users to select a file from their computer or drag it into a
designated area. The server validates the file format, checking size and extension restrictions. If the
file meets the requirements, the system filters data for Colombia and allows users to preview up to
ten records to verify the format. If the format is correct, the upload button is activated, triggering
a progress bar that displays the estimated loading time to store the records in the MongoDB
database.

As shown in Figure 6, data visualization on the Map feature enables users to view records stored in
the database on an interactive map. Users can apply location or time filters to narrow the data and
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focus on areas of interest. The visualization displays markers at the locations where lightning strikes
occurred (latitude, longitude), with data processed on the OpenStreetMap server.

Figure 6. User interface displaying lightning strikes that occurred the first two weeks of October
2022 in the department of Cundinamarca.

The sidebar displays the available filters that can be applied on data. One filter is based on location,
offering a list of departments and allowing users to select a municipality. Another filter is by time,
where users can choose a time range or specific date. This is achieved using a numerical field to
adjust the value and a drop-down list to select the time unit: hour, day, week, month, or year.
Another visual elements, such as vertical and horizontal bar charts, as well as pie charts, were
created to summarize the data and highlight the locations and times with the highest lightning
activity. KPI cards were designed to display key metrics for decision-making.

Additional functionalities developed in the application included user registration, account activation
via email, user authentication through login, report generation, and the deletion of files uploaded
within the last 24 hours.

The backend was implemented in Python, using FastAPI to build the gateway API, which
facilitated the creation of endpoints for the proposed functionalities. The database was built with
MongoDB, offering fast data retrieval, making it suitable for handling the thousands of requests
the server processes for lightning information. Version control was managed using Git. A clean
architecture approach was applied to separate the responsibilities of data access, business logic,
and infrastructure. For this purpose, the dependency container was used with the dependency_
injector library. The endpoints were tested using the Postman tool to simulate requests from the
application interfaces. FastAPI generated automatic documentation for the endpoints.

Testing

Functional tests verified compliance with requirements and completion of proposed user
stories, while integration tests ensured proper interaction among all external components of the
application. Sprint reviews highlighted minimum viable products, with detailed explanations of
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functionalities validated by the tests provided to stakeholders. The development team conducted
manual tests, evaluating the application’s use cases based on the following formula:

m = Numberofapprovedtests
" Numberofperformedtests
Based on the previous metric, the value of m was determined under the following conditions:
If m = 1, software fullfil client expectations.
If 0,8 < m < 1 there are some aspects to improved.
If m < 0,79 iteraction must be rejected.
A total of twenty tests were conducted, each corresponding to a scenario where the expected
results were achieved. Detailed test cases are documented in the application evaluation report.
Launching
After completing all user stories and successfully developing the required functionalities, the
application development concluded with the creation of a delivery document. This final phase
included deploying the application on two cloud platforms, Vercel and Render, chosen for their
compatibility with JavaScript and Python and their seamless integration with Git, enabling efficient
source code transfer to the production environment.
Results
Performance evaluation of the web application focuses on several key aspects regarding its
usability and efficiency. The time required to process lightning data files ranges from 5 to 15
minutes, depending on the number of records. For instance, a test with over 30,000 records had a
loading time of approximately 6 minutes.
To evaluate the functionality of the web application, more than 20 functional tests were planned,
including listing users, registering users, activating user accounts, loading files, filtering data, and
visualizing data. Each test included a clear description of the activity, a step-by-step procedure, and
the expected results. Additionally, integration tests were conducted with several external modules,
such as OpenStreetMap. Table 3 presents an example of a functional test performed.
Table 3. Example of functional test used to evaluate the performance of the web application
Module User's account activation
ID 20
Description Create a user's password using a link.
Step Operation
1 Open link receive by email
2 Enter a new password
3 Re-enter password in confirmation camp
4 Click Save button
5 Platform automatically logs the new account
Expected results Create a new password and startas a new user’s session
i~
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The final functionality test used data from the WWLLN to identify occurrence patterns in lightning
activity. The test employed a data file containing records from the first fifteen days of October
2022, with over one million lightning events across a wide area including Colombia. Each record
file contained a tuple with information about a lightning event, including latitude, longitude,
timestamp, polarity, estimated peak current, and the number of stations that detected the event.
The filtering capabilities of the application reduced the dataset to 8,510 lightning events within the
borders of the department of Cundinamarca. Further filtering revealed the top five municipalities
with the highest lightning activity during this period: Yacopi (946 events), Caparrapi (942 events),
Puerto Salgar (481 events), Guaduas (473 events), and Medina (459 flashes). The patterns indicate
that approximately 62% of the lightning activity occurred at night, with about 5,200 events, peaking
around 9:00 p.m. local time.

Discussion

This project developed a tool using agile methodologies aim to analyze extensive collections of
lightning data, emphasizing two key aspects: the web application’s ability to handle large data files
and its analytical tools for identifying temporal and spatial lightning patterns. The web application
was validated using lightning data from Cundinamarca, Colombia, demonstrating the tool's
effectiveness in addressing data file size and format, and enabling a graphical identification of
patterns as well as the visualization of particular lightning hotspots. As demonstrated for similar
works in different context, this type of approach proves to be a valuable to address demands of
real world challenges (21), (22).

The XP methodology and Scrum framework proved to be a rapid and flexible approach to software
development, because it showed an easy adaptability to changing project requirements while
maintaining momentum in the development team. A structured organization rooted in initial
specifications ensured efficient decision-making and provided a clear framework throughout the
project’s lifecycle.

The use of C4 model graphical notation for software architecture offered accessible insights

into system structure and functionality. This visualization fostered collaboration between the
development team and stakeholders by establishing a shared understanding of the application’s
components, their relationships, and interactions. This approach streamlined problem-solving and
aligned the system with technical and business needs helping to keep the schedule activities plan.

The use of open-source tools were instrumental in addressing development challenges, particularly
in managing the complexities of large datasets and high request volumes. Although these tools
imposed some limitations, their strategic application mitigated key obstacles. However, it is quite
clear that at some point some important decisions must be taken around the web application,
specially regarding data storage and GIS functionalities because during the development some
challenges appear related to handling large datasets within a web environment constrained by the
limitations of free services. Segmenting data provided a practical workaround, but a local server

U o)
¥ [ngenieria y Competitividad, 2025 vol 27(1) e-20514326/ ene-mar

13/16

doi: 10.25100/iyc.v27i1.14326


https://doi.org/10.25100/iyc.v21i2.7179
https://doi.org/10.25100/iyc.v24i1.11070

Web application for lightning occurrence visualization: Lightspot

i~
N

deployment is planned to overcome this limitation. Further enhancements include integrating
open-source geographic tools like OpenStreetMap and developing an API to fetch real-time data
from the World Wide Lightning Location Network.

In its current form, the web application is well-suited for lightning data analysis and aligns with
broader software developments in data mining, pattern recognition, and early warning systems
for natural phenomena like tornadoes and earthquakes. These capabilities position the tool as
a valuable asset for advancing lightning-related research and contributing to predictive and risk
mitigation systems that was proved and validated by functional and integration tests aim to
ensured quality and performance.

The developed tool is highly relevant for authorities responsible for risk assessment, as it enables
the identification of areas with elevated lightning activity and, consequently, locations at higher
risk of lightning impacts on people, animals, and infrastructure. While lightning strikes cannot

be avoided, implementing protective measures, such as lightning protection systems in schools,
sports venues, and other facilities with large gatherings, is a viable strategy. Additionally, identifying
specific months and hours with intense lightning activity aids in creating safety protocols for
outdoor activities, effectively reducing associated risks. From this perspective, the tool provides
critical information for strategic planning and educational initiatives. By offering foundational
knowledge about lightning and recommended safety procedures, it empowers local communities
to adopt proactive measures, enhancing their safety and resilience.

Conclusions

The web application’s capability to map lightning events facilitates the graphical identification of
hotspots. This feature is crucial for assessing risks to infrastructure, human lives, and animals in
lightning-prone areas. Identifying patterns is valuable for planning more effective risk mitigation
strategies. Furthermore, this development establishes a foundation for advancing research into
detailed lightning climatology, complementing existing global and regional studies. The approach
presented in this paper documents the process of creating software-based tools for lightning
research, offering significant benefits for those interested in entering this field of study.
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