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Abstract 

 
One of the areas where great changes are being generated is in the area 

of electromobility, vehicles whose energy base is electrical energy, 

where improvements are sought in the production processes, 

maintenance and acquisition capacity by users; However, it represents a 

point of innovation in Higher Education schools, where the importance 

of generating content aimed at this great branch that covers different 

aspects in the engineering part is revealed, given the importance in the 

sustainability part that It also represents a great advantage and a great 

impact in today's world. 
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Resumen 

 
Una de las áreas donde se está generando grandes cambios, es en el área de 

electromovilidad, vehículos cuya base de energía es la energía eléctrica, donde 

se busca mejoras en los procesos de producción, mantenimiento y capacidad 

de adquisición por parte de los usuarios; sin embargo, representa un punto de 

innovación en las escuelas de Educación Superior, donde se pone de 

manifiesto la importancia de generar contenidos dirigidos a esta gran rama 

que abarca diferentes aristas en la parte de las ingenierías, dado la importancia 

en la parte de sustentabilidad que tambien representa una gran ventaja y un 
gran impacto en el mundo actual. 
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Introduction 

 

One of the trends in today's world is the use of 

clean technologies that contribute to improving 

the environment and allow us to maintain the 

avant-garde use of technology; one of the areas 

where great changes are taking place is in the 

automotive area, without a doubt, Industry 4.0 

has been reinforced with this new topic that is of 

great interest to provide solutions to problems 

that can be solved in the classroom. The term 

Electromobility refers to vehicles whose energy 

source is electricity, these models are considered 

as a transitional element towards new ways of 

moving without the need to use fuels that destroy 

and affect the environment.  

 

In Higher Education Schools, the 

adaptation of new curricula related to some of 

the pillars contained in this new trend has been 

carried out, being the IOT and Artificial 

Intelligence, which have shown great relevance 

and interest for students, however, now a new 

topic appears: ELECTROMOBILITY, which is 

contributing to students to obtain new tools that 

allow them to integrate to the requirements of the 

use of motor vehicle production that, at present, 

represent a sustainable trend and that is 

increased day by day by the acquisition of this 

type of transport that includes cars, bicycles, 

scooters, buses, trains and cargo trucks, reducing 

the emission of pollutants and the emission of 

gases that give rise to the so dreaded greenhouse 

effect. 

 

This work allows to show what are the 

implications of adapting new contents to the 

study plans within the IES focused on the 

management, development and application of 

processes that allow to enable the 

Electromobility, the fact that the students know 

and manage this type of subjects, will increase 

greatly their contribution to the companies that 

go to the vanguard in this field. 

 

Electromobility 

 

Electromobility refers to the use of drive or 

traction systems using electric power applied to 

different means of transport [Electromobility 

Platform, 2024]. In the midst of the 4th Industrial 

Revolution, every day we realise that not having 

access to technological advances makes us 

incapable of living in this world; such is the 

impact of this issue that Higher Education 

Schools are already looking for ways to include 

content related to this area of engineering, and 

this is where the question arises:  

Are HEIs really prepared with 

laboratories, infrastructure, teacher training, etc., 

to be able to carry out quality work in this area? 

 

The answer can be varied, much depends 

on the resources available to each school, 

however, it should be focused on the fact that it 

is a resource of recent appearance, so there is not 

much industrial development in our country and 

it is doubtful the fact that they can properly take 

advantage of the curricula coupled to the 

educational institutions, especially by the fact 

that it is necessary a whole reengineering in the 

subjects that can be taught focused on the part 

dedicated to practices, the development of 

software and hardware architecture, etc. 

[Pinterest, 2024] 

 

Box 1 
 

 
 

Figure 1 

Electromobility  
Source: [Pinterest, 2024] 

 

However, it should be taken as a starting 

point that Electromobility in HEIs is extremely 

important, as it represents the change of focus to 

more sustainable communities and to have better 

trained graduates to face challenges related to 

the environment and technologically supported 

with the best tools focused on a better outlook as 

a nation. Some key points to consider are: 

 

A) Broadening environmental awareness. 

If young people about to enter the 

workforce create environmental 

awareness, this is guaranteed to have 

implications for the organisations in 

which they are employed. 

 

 

 

 

 

 

 

https://energia.gob.cl/electromovilidad/introduccion#:~:text=se%20refiere%20al%20uso%20de,a%20distintos%20medios%20de%20transporte
https://energia.gob.cl/electromovilidad/introduccion#:~:text=se%20refiere%20al%20uso%20de,a%20distintos%20medios%20de%20transporte
https://es.pinterest.com/pin/408279522483607587/visual-search/?x=16&y=16&w=414&h=265.3333333333333&cropSource=6&surfaceType=flashlight
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Box 2 
 

 
 

Figure 2 

Environmental awareness 
Source: (Pinterest, 2024) 

 

B) Direct linkages with national and 

international industrial sectors. As this 

is a very recent sector, there is a wide 

range of employment opportunities where 

recent graduates will directly benefit from 

the wide range of options where they can 

put their acquired knowledge and skills 

into practice, both in the national and 

international markets. [Pinterest, 2024]  

 

Box 3 
 

 
Figure 3 

Linking with industry  
Source: (Pinterest, 2024) 

 

 

C) Innovation projects. A budding area has 

the advantage that it can be developed 

extensively, generating research and 

innovation projects that promote a 

valuable impact for the society in which 

they are immersed, and teachers and 

students will play a very important role in 

this. [Pinterest, 2024] 

 

Box 4 
 

 
 

Figure 4 

Metaverse  

Source:(Pinterest, 2024) 

 

D) Fulfil as a society the objectives of 

sustainable development. At present, the 

use of material resources is becoming 

increasingly difficult to afford, the 

creation of new ways of using fewer 

resources with different processes will 

allow us to have a better quality of life in 

the medium term. [Pinterest, 2024] 

 

Box 5 
 

 
Figure 5 

Sustainability  
Source: (Pinterest, 2024) 

 

E) Generation of laboratories and small 

companies focused on Electromobility 

issues. New technologies, machinery and 

processes for resolving situations that 

require answers will undoubtedly benefit 

from the implementation of infrastructure 

focused on issues that can even generate 

new service stations, which will help to 

promote employment in this sector which, 

as mentioned above, can be a spearhead 

for improving and benefiting the 

economy. [Pinterest, 2024] 

https://es.pinterest.com/pin/70298444178368272/
https://es.pinterest.com/pin/596375175685820651/visual-search/?surfaceType=flashlight
https://es.pinterest.com/pin/1040261213909651735/
https://es.pinterest.com/pin/1018024690765394806/visual-search/?surfaceType=flashlight
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Box 6 
 

 
Figure 6 

Sustainable stations 
Source: (Pinterest, 2024) 

 

Implications of including Electromobility in 

the curricula of HEIs 

 

The inclusion of this new Engineering, of recent 

appearance, will have several factors to take into 

account in its inclusion within the curricula such 

as:  

 

1] Academic field: The curricular renewal 

allows the creation of programmes focused on 

smart grids, renewable energies, charging 

infrastructure and applications, and obviously 

electric vehicles, fostering knowledge and 

specialisation in environmental sciences, 

mechanics, electronics, telecommunications and 

technology in general; with this, various 

disciplines are also improved, allowing learning 

based on competences from different branches 

that will strengthen the teaching-learning 

processes such as cooperative work, 

management of hardware and software projects 

and sustainability. 

 

2] Economic Scope: If HEIs promote graduates 

focused on the field of electromobility, it would 

attract companies focused on this branch of 

industry that develop technology and that would 

benefit from students who have the knowledge 

to be applied in the manufacturing, automotive 

and clean energy industries.  

 

1] 3] Social Sphere. Students will learn 

about the consequences of focusing on solutions 

to reduce emissions and thus care for the 

environment, including generating sustainable 

practices for the communities in which they are 

located, including the use of clean technologies, 

the construction of low-cost electric transport 

and more efficient charging stations. [Pinterest,  

2024] 

 

 

Can an Educational Institution [HEI] adapt 

curricula oriented towards Electromobility? 

 

Electromobility refers to the use of electric 

vehicles and/or vehicles that use alternative 

energy, as this reduces emissions, noise, among 

others.  

 

 Thus, institutions are looking towards 

this horizon because it will bring great global 

benefits, but for this it is necessary to analyse the 

elements that higher education institutions [HEI] 

have in order to implement new content to 

educational plans; among the important 

elements to consider are: if they have teaching 

staff trained in this area of knowledge, as well as 

materials or laboratories that can adapt to this 

need, and finally if there are student candidates 

interested in this area. 

 

Methodology 

 

In order to be able to carry out the study that is 

the objective of this field research, which is to 

review the implications of adapting new content 

to the curricula within the HEI to enable 

electromobility, this study will analyse the 

elements that HEIs have to adapt new content in 

the curricula, For this purpose, a survey was 

carried out firstly to the teachers who teach in the 

educational institution, and then another survey 

was carried out to the students who are studying 

the first semesters of the careers that are more 

oriented to electromobility concepts, which are: 

Engineering in Tics and Engineering in 

Mechatronics. 

 

 Fifteen teachers who teach in the Tics 

degree course and 20 teachers who teach in the 

mechatronics degree course were selected, 

taking an average sample of the most specialised 

teachers according to their profile.  

 

 The aim of the survey was to analyse how 

feasible it would be to propose new content for 

the electromobility curriculum at the HEI, taking 

into account the human and technological 

resources it currently has, obviously so that in 

the future it will benefit the companies in the 

surrounding area and the environment, with the 

reduction of pollutants, which is already part of 

the near future.  

 

 

 

 

 

https://es.pinterest.com/pin/771874823642682032/


5 

Journal Computer Technology                                                                   9[21]1-7: e1921107 

Article 
 

 
 

ISSN: 2531-2197. 

RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Martínez-Bahena, Elizabeth & Escamilla-Regis, Daisy. [2025].  

Electromobility: a new approach to Higher Education. Journal 

Computer Technology. 9[21]1-7: e1921107. 

https://doi.org/10.35429/JCT.2025.9.21.1.1.7 

 The survey was composed of seven 

questions, where the first part is to identify the 

total number of teachers belonging to the 

technological and mechatronics areas, with 43% 

being technologists and 57% mechatronics, as 

well as the profile of the subjects they teach, 

where 71% are from the technological area while 

29% are electronics; On the other hand, we asked 

whether they have carried out research applied 

to the field of electromobility, obtaining 85% of 

teachers who have not carried it out, while 

familiarity with the concepts of electromobility 

is not at all strange since, 42% have read them or 

are somehow familiar with the terms of 

electromobility, which they consider important 

to be able to implement a career of this type in 

the not too distant future, as they will relate 

issues of sustainable development, Iot, 

technologies and everything that helps to reduce 

the high pollutants, being the great future that the 

environment wants to have for a better quality of 

life. [Escamilla, 2024] 

 

 It is of great importance not to leave aside 

that currently HEIs do not have trained practice 

laboratories or the necessary tools to be able to 

implement practices as close to reality, but in 

some way they can be supported by technologies 

such as simulation software that allows to carry 

out the necessary practices to get closer to 

reality, as well as to generate prototypes that 

allow students to obtain the necessary 

knowledge to carry out the electromobility 

curricula. The survey questions are listed below 

 

Box 7 
Table 1 

Table of survey applied to specialised teachers 

 
Source: (Escamilla, 2024)   

 

 

 

 

 

Box 8 
 

 
Figure 8 

Graph of survey applied to specialised teachers. 
Source: (Escamilla, 2024) 

 

 

 Once the analysis obtained from the 

results of the teachers' survey had been analysed, 

a survey was now applied to the students, which 

complements the initial objective since it will be 

possible to determine the knowledge or interest 

that the students have in this area; for this 

purpose, a representative sample was taken from 

both degree courses mentioned above, 80 

students from the technological area and 120 

students from the mechatronics area. 

 

 The survey has a total of seven questions, 

which can be seen in the following table and 

graphs. 35% of the students are in initial 

semesters and the remaining in advanced 

semesters, which allows them to already have a 

greater overview of the impact of introducing 

new topics to their curricula, with 65% of them 

knowing or at least having heard of the concepts 

of electromobility, which is the main reason why 

they have a greater understanding of the 

concepts of electromobility.  
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 This gives a guideline that identifies if it 

would be beneficial to add this type of area to 

their study plans, with 70% of students who 

would accept that it would be implemented in 

their career as they mention that it benefits and 

broadens their current outlook once they 

graduate from the HEI, as well as focusing on the 

fact that the laboratories that the HEI has are not 

entirely good for them to be able to carry out 

practices in this area. [Escamilla, 2024] 

 

Box 9 
Table 2 

Student survey table 

Source: (Escamilla, 2024) 

  

Box 10 
 

 

 
Figure 10 

Student survey graph 

Source: (Escamilla, 2024) 

 

 The above shows that both teachers and 

students are not totally unaware of the concepts 

of electromobility and that they would agree to 

add these concepts to their current plans as part 

of a proposal, as they mention that they are part 

of a reality that is beginning to be experienced 

and that they consider that very soon they will 

have to implement them as project proposals, as 

companies will gradually require these concepts 

for their new proposals and that at last the HEI 

must be aware of updating itself so that its 

graduates are not left out of such hard-fought 

labour proposals that will come. 

 

Results 

 

The research carried out and analysed on the 

basis of the surveys that were applied to teachers 

and students, shows that we are increasingly in a 

very competitive environment, so it is of great 

importance to update the curricula that are 

currently in place, as in this case the proposal to 

add new topics or concepts of electromobility to 

the existing curricula that go according to the 

profile; but is it possible, what does the HEI have 

to achieve this? This is where the study tool 

comes in, which showed that the HEI has the 

necessary human resources to be able to 

implement new topics in the study plans, since 

60% of the teachers know about the topics, 

although they have not applied them in research, 

they are no strangers to it, which helps a lot in 

the future if they wish to update the plans, and 

also, 50% of the students know about the topic, 

which is attractive to them, since they recognise 

that the better trained they graduate from the 

institution, the better job offers they can have, as 

well as being more competitive in a working 

environment.  

 

Taking into account the aforementioned 

aspects, it is only agreed that the laboratories that 

the HEIs currently have are not entirely suitable 

for carrying out practices that contribute to the 

application of electromobility issues, but this 

would not be an impediment since the teachers 

mention that various simulation softwares can 

initially be used to support them in order to put 

theoretical knowledge into practice. 
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Conclusions 

 

The study carried out has great contribution 

since the IES are the first in wanting to update 

their study plans to be at the forefront and cover 

with what is requested in the business 

environment, therefore, does not neglect to 

continue supporting the updates of teachers that 

allow to translate their knowledge and 

experience to the student body, It also 

encourages the development in the area of 

research by obtaining projects with funding and 

that these are oriented to the electromobility 

proposal. On the other hand, this study 

concludes with the great contribution that both 

teachers and students can make to add new 

topics of great impact to their existing study 

plans and that with this the graduates have more 

elements or tools for their great professional 

development. 
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Abstract   
 
Currently, urban public transportation plays a crucial role in 

society, as it meets people's mobility needs by providing an 
economically accessible option for moving from one place to 
another. However, these systems have several areas for 
improvement, with the low quality of service being a significant 
issue that negatively affects the majority of its users. For this 
reason, the present study aims to analyze perceptions of service 
quality among public transportation users in various Latin 
American countries. To achieve this, a methodology based on 

two questionnaires was employed: the first measures the quality 
of urban transportation service, with a reliability level of 0.9, 
calculated using Cronbach's alpha, and the second, specifically 
designed for this study, evaluates the perception of 
concessionaires regarding the service they provide in public 
transportation. 
 

 

 

 

 

 

 
 

 

 

 

 

 

Public transportation, Latin American, society 

 

 

Resumen 

 
En la actualidad, el transporte público urbano desempeña un 
papel crucial en la sociedad, ya que satisface la necesidad de 

movilidad de las personas, ofreciendo una opción 
económicamente accesible para trasladarse de un lugar a otro. No 

obstante, estos sistemas presentan diversas áreas de mejora, 

destacándose la baja calidad del servicio, que impacta negativamente 

a la mayoría de sus usuarios. Por esta razón, el presente estudio tiene 

como objetivo analizar las percepciones sobre la calidad del servicio 

entre los usuarios del transporte público en diversos países de 

América Latina. Para ello, se empleó una metodología basada en dos 

cuestionarios: el primero mide la calidad del servicio de transporte 

urbano, con un nivel de confiabilidad de 0.9, calculado mediante el 

alfa de Cronbach, y el segundo, diseñado específicamente para este 

estudio, evalúa la percepción de los concesionarios respecto al 

servicio que brindan en el transporte público. 
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1. Introduction 

 

Most countries rely significantly on an efficient 

public transportation system to facilitate the 

daily mobility of their citizens. 

Within this framework, ensuring the quality of 

public transportation services is essential to 

enhance the user experience. Likewise, 

analyzing users' perceptions of the service is key 

to identifying areas for improvement and 

ensuring a system that meets the needs of the 

community. 

 

For this reason, this research focuses on 

analyzing the perspective of public 

transportation users by collecting their opinions 

through a questionnaire. 

 

The objective of this analysis is to 

contribute a proposal that drives the 

development and continuous improvement of 

the urban public transportation system. 

 

This leads to the formulation of a 

hypothesis aimed at addressing the deficiencies 

in the quality of public transportation services, 

aligning with the general objective and specific 

objectives outlined in the research, which arise 

from diverse perspectives on this issue. 

 

The structure of the research work 

consists of the following sections: abstract, 

introduction, justification, problem statement, 

hypothesis, general and specific objectives, 

theoretical framework, experimental 

methodology, results, analysis and discussions, 

conclusion, bibliography, and appendices. This 

organization allows the information to be 

presented in a clear, coherent, and orderly 

manner.  

 

1.1 Justification 

 

The opinions and experiences of users are key to 

identifying both the strengths and areas for 

improvement in the public transportation 

system. For this reason, focusing the project on 

a study of service quality will provide essential 

information to design and implement significant 

improvements that contribute to optimizing the 

system as a whole. 

 

This research is relevant because, by 

collecting and analyzing data on user 

expectations and needs, it is possible to identify 

critical points that require intervention and 

adjustments to enhance service quality. 

Furthermore, considering the 

fundamental role that public transportation plays 

in the daily lives of the population, this study can 

have a positive impact on citizens' quality of life 

by ensuring an efficient, safe, accessible, and 

high-quality transportation system. 

 

1.2  Problem 

 

Globally, the digitalization of public 

transportation is gaining relevance as a key 

component within strategies aimed at more 

sustainable and efficient mobility [Organization 

for Economic Co-operation and Development, 

n.d.]. 

 

In this context, the rapid advancement of 

digital technologies worldwide presents a unique 

opportunity to improve public transportation 

services, optimizing their use through projects 

that integrate technological solutions and 

strategies promoting social inclusion, 

accessibility, and economic and financial 

sustainability. However, despite being one of the 

most widely used means of transportation by the 

population, public transportation faces 

significant challenges in terms of service quality, 

which directly impacts mobility and the well-

being of individuals. 

 

In light of this situation, the following 

research question arises: How do users perceive 

the quality of urban public transportation 

services in Latin America? 

 

1.3 Hypothesis 

 

Users of urban public transportation are not 

receiving a service that meets adequate quality 

standards 

 

1.4 Objectives [General and Specific] 

 

General Objective: 

 

To examine the opinions and experiences of 

users of urban public transportation in Latin 

America, with the aim of developing proposals 

that drive continuous improvement of the public 

transportation system during the period from 

August 2023 to August 2024. 

 

Specific Objectives: 

 

- Identify the key aspects that define the 

quality of service in public transportation 

in Latin America. 
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- Analyze users' perceptions of the quality 

of service in urban public transportation. 

- Propose strategies and actions for the 

continuous improvement of urban public 

transportation. 
 

2. Theoretical Context 
 

Pérez and Pinto [2022], in their study titled 

“Satisfaction with Public Transportation 

Services among University Students”, propose 

that to evaluate service satisfaction, it is essential 

to apply choice models based on users' travel 

behavior, incorporate satisfaction indicators, and 

consider the assessments of various 

stakeholders, setting aside subjective and 

individual aspects of users. [p. 4]. 
 

For their part, Naranja and Caisa [2023] 

define quality as the adjustments made to the 

service to ensure it meets its characteristics in an 

outstanding manner, according to the customer's 

evaluation. 
 

Similarly, Arroyo and Yerovi [2022] 

point out that to assess public transportation 

services, it is essential to take into account users' 

perceptions by analyzing various dimensions 

that comprise it, such as trust, safety, sensitivity, 

empathy, and material aspects. 
 

3. Methodology 

 

This study adopts a quantitative, descriptive, and 

cross-sectional approach, aiming to analyze the 

perception of urban public transportation 

services during the period from August 2023 to 

August 2024, evaluating four dimensions: 

service quality, routes, pricing, and promotions. 
 

For data collection, primary sources were 

used through the application of two 

questionnaires. The first, designed in 2018 with 

70 items, was adapted for this research, reducing 

it to 42 items with Likert-type responses. This 

questionnaire assesses the quality of public 

transportation services in Latin America and has 

a reliability level of 0.9 according to Cronbach's 

alpha, indicating excellent reliability in the 

scales. In detail, the reliability of each dimension 

was also measured using Cronbach's alpha, 

yielding the following results: dimension 1, 

related to service quality, showed a coefficient 

of 0.9, considered excellent; dimension 2, 

concerning routes, reached 0.89, classified as 

good; dimension 3, regarding pricing, obtained 

0.72, rated as acceptable; and dimension 4, on 

promotions, recorded 0.8, also considered good. 

 

The second questionnaire consists of 10 

items with dichotomous, multiple-choice, and 

open-ended responses, designed to understand 

the perception of concessionaires regarding the 

services they provide in public transportation. 

 

On the other hand, the development of 

the mobile application followed a structured life 

cycle in the following stages: 

 

 Planning: The application requirements 

were defined, and development environments 

were configured, including React Native, Node, 

Visual Studio Code, Android Studio, and Xcode. 

Design: Using Figma, user interfaces and 

interactive prototypes were created to serve as 

the foundation for development. 

 

 Development: The user interface and 

application logic were implemented using React 

Native, integrating Supabase to manage 

authentication, data storage, and cloud services. 

Deployment: The production environment for 

Supabase and Google Maps APIs will soon be 

configured to ensure a stable environment. 

 

4. Results 

 

The analysis of the research results revealed 

unsatisfactory performance in the service quality 

dimension, as 43.37% of respondents rated the 

service as poor or very poor, particularly 

regarding the treatment by drivers and waiting 

times for routes. However, approximately 68.3% 

of participants expressed being very or 

completely willing to pay a higher fare in 

exchange for an improvement in urban public 

transportation services. Similarly, 68.6% 

showed a high level of agreement with the 

implementation of new payment methods to 

avoid handling cash, and 45% considered that 

payment verification through QR code readers 

would be the most suitable option. 

 

 As a solution to these issues, the 

development of a mobile application was 

proposed. To validate the feasibility and 

viability of the project, a second study was 

conducted targeting urban public transportation 

concessionaires. The results indicated that 

90.5% of respondents believe an automated 

payment system could improve the operational 

efficiency of their companies, while 61.9% 

consider that this system would help reduce the 

losses and fraud that occur daily. 

 

 

https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-74672021000200112&lang=es
https://revista.religacion.com/index.php/religacion/article/view/1008
http://dspace.espoch.edu.ec/bitstream/123456789/18676/1/112T0386.pdf
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 Nevertheless, the main concern of 

concessionaires lies in the potential resistance to 

change from public transportation users. Despite 

this, 85.7% are willing to hire services to 

implement automated payment systems, and 

within this group, 71.4% prefer mobile 

application technology, agreeing that the use of 

QR code readers would be the most effective 

method for payment verification. 

 

5. Analysis and discussion 

 

The results presented in the previous section 

reveal a significant demand from users for 

improvements in urban public transportation 

services. This demand primarily focuses on the 

digitalization of the sector, reflecting users' 

interest in having transportation companies 

implement alternative payment methods that 

offer greater flexibility and security when paying 

for the service. This approach aims not only to 

enhance service quality but also to optimize 

operational efficiency and enrich the user 

experience. 

 

 Based on these findings, a mobile 

application was developed, which provides the 

following functionalities: 

 

- Real-time tracking: Allows users to 

locate transportation units on an 

integrated map within the application. 

- Digital payment methods: Offers the 

ability to make payments via QR codes 

and recharge a virtual wallet using 

credit/debit cards, PayPal, SPEI, among 

other options. 

- Service evaluation: Enables users to 

rate the service provided by drivers. 

- Alert system: Includes an alarm feature 

for users who find themselves in risky 

situations inside the vehicle. 

 

6. Future work 

 

The project is progressing with the 

implementation of improvements to the mobile 

application, including the adoption of emerging 

technologies such as the Internet of Things 

[IoT]. This network will enable, among other 

things: 

 

- Detection of anomalous situations: 

Through the use of sensors, events such 

as delays or route changes can be 

identified, allowing users to be notified 

in real time about any modifications to 

the service. 

7. Conclusion 

 

In summary, urban public transportation services 

have areas for improvement that need to be 

addressed to increase user satisfaction. The 

hypothesis proposed in this research is validated 

through the results obtained, which reflect the 

factors contributing to the poor quality of the 

service. 

 

For this reason, it is essential to promote 

digital transformation in sectors such as public 

transportation, aiming to improve service 

management efficiency, reduce urban 

congestion by optimizing payment processing 

times, and foster opportunities for innovative 

business models. 

 

In this way, the research objective is 

achieved by highlighting the importance of 

public transportation in people's daily lives, as 

well as its impact on mobility, urban 

development, and overall quality of life. 

 

Finally, it is important to emphasize the 

crucial role played by Higher Education 

Institutions in Mexico in developing innovative 

projects that seek to provide solutions to real 

problems affecting millions of people today. 
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Abstract  
 
This work describes the development and implementation of a graphical 

interface for the simulation of dynamical systems, employing the free 

Octave platform. To achieve this, a user environment was designed to 

allow the input of initial conditions and specific parameters associated 

with elements such as the damper, the spring, and the force applied to the 

mass. In addition, functions were programmed to provide graphical 

representations for analyzing the behavior of the dynamical system, 

resulting in an interactive and intuitive environment. This resource 

facilitates the creation of digital educational materials by offering a clear, 

user-friendly tool for teaching and learning in various areas related to 

dynamical systems. Consequently, it fosters a deeper understanding of 

physical phenomena and contextualizes theoretical models, thereby 

enhancing the academic development of students in the Electrical-

Electronic Engineering program at the Aragon School of Higher Studies, 

part of the National Autonomous University of Mexico. 

 

 
Simulation, Octave, Interface 

 

Resumen 
 
El presente trabajo describe el desarrollo e implementación de una 

interfaz gráfica para la simulación de sistemas dinámicos, empleando la 

plataforma Octave siendo este un recurso gratuito. Para ello, se diseñó un 

entorno de usuario que permite ingresar condiciones iniciales y 

parámetros específicos relacionados con elementos como el 

amortiguador, el resorte y la fuerza aplicada sobre la masa. Asimismo, se 

programaron funciones enfocadas en la representación gráfica para el 

análisis del comportamiento del sistema dinámico, brindando un entorno 

interactivo e intuitivo. Este recurso promueve la generación de material 

didáctico digital, al ofrecer una herramienta clara y de fácil acceso para la 

enseñanza-aprendizaje en distintas áreas relacionadas con los sistemas 

dinámicos. Con ello, se favorece la comprensión profunda de fenómenos 
físicos y la contextualización de los modelos teóricos, contribuyendo a 

fortalecer la formación de los alumnos de la Carrera de Ingeniería Eléctrica 

Electrónica de la Facultad de Estudios Superiores Aragón UNAM.  
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Introduction 
 

In recent years, the advancement of digital 

technologies has significantly transformed 

teaching and learning methods in various 

engineering disciplines, especially in the field of 

dynamic systems. The use of open-source 

software, such as Octave, has facilitated the 

integration of accessible computational tools, 

enabling students to visualize, analyze, and 

simulate complex phenomena interactively. The 

incorporation of graphical user interfaces [GUIs] 

not only improves the theoretical understanding 

of concepts but also optimizes the learning 

process by offering a practical and visual 

experience of physical and mathematical 

systems.  

 

This interdisciplinary approach, 

combining applied mathematics, engineering, 

and digital tools, is revolutionizing the way 

fundamental principles of dynamics and control 

systems are taught, opening up new 

opportunities for the academic training of future 

engineers. The following explores the main 

advantages and applications of these digital tools 

in the context of teaching dynamic systems, 

highlighting their impact and potential in the 

training of Electrical and Electronic Engineering 

students. 

 

The development of graphical interfaces 

for simulating dynamic systems, using open-

source software platforms like Octave, has 

revolutionized the teaching of differential 

equations and the understanding of complex 

phenomena. By integrating interactive 

numerical simulations into computational tools, 

they facilitate the visualization and analysis of 

the temporal evolution of systems, resulting in 

optimal mathematical interpretation. These 

graphical interfaces enhance the accessibility 

and functionality of educational resources, 

optimizing intuitive interaction with underlying 

mathematical models and fostering the 

acquisition of analytical and programming skills 

[Avila et al., 2021].  

 

Additionally, the design of digital 

platforms, based on semiotic principles, has 

transformed human-computer interaction, 

making learning more inclusive and efficient 

through dynamic and visual representations 

[González & Victoria, 2020]. Although, in other 

fields such as medical diagnosis, the integration 

of graphical interfaces with mathematical-

computational algorithms has proven effective, 

technical challenges remain, which open up 

opportunities for future research [Osorio et al., 

2019]. By integrating tools in the context of 

Electrical and Electronic Engineering, this 

particular work fosters more accessible and 

deeper teaching of dynamic systems, as it 

contributes to strengthening the training of 

students at FES Aragón UNAM. 

 

The open-source software Octave has 

proven to be a versatile tool in solving complex 

mathematical problems, frequently used in areas 

such as matrix calculations, integral calculus, 

and solving differential equations. 

 

 According to Adra et al., [2003], Octave 

is capable of addressing engineering problems 

such as heat conduction, Laplace equations, and 

temperature distributions, standing out for its 

precision and ability to generate results 

comparable to those of other commercial 

software. In a similar vein, Banhakeia [2019], in 

her thesis, highlights Octave's potential in 

solving problems related to real functions, 

differentiation, integration, matrix operations, 

and linear systems, demonstrating its ability to 

replace proprietary software like Wolfram 

Mathematica. Additionally, Expósito [2021], in 

his presentation for the "Applied Computing" 

course, emphasizes how Octave can be used both 

as a basic calculator for simple operations and 

for more advanced calculations, with key 

examples such as complex number manipulation 

and vector and matrix management.  

 

Furthermore, he highlights the 

importance of user interaction and program 

design from scratch, covering everything from 

the use of functions to the implementation of 

control structures such as loops and conditionals 

to facilitate data analysis and results. In this way, 

Octave is presented as a comprehensive 

educational tool for solving mathematical 

problems and their graphical representation, 

providing an efficient and cost-effective 

alternative in the context of Electrical and 

Electronic Engineering. 

 

The software GNU Octave, as 

conceptualized by Eaton et al., [2008]. is 

presented as a high-level language designed for 

performing mathematical computations, 

comparable to MATLAB, making it a flexible 

and accessible option for computational 

simulations and data analysis. Its versatility in 

addressing both linear and nonlinear problems 

strengthens its utility in modeling dynamic 

systems across various engineering fields.  

 

https://doi.org/10.29057/icbi.v9iEspecial.7196
https://www.redalyc.org/articulo.oa?id=477963932007
http://saber.ucv.ve/ojs/index.php/rev_aavft/article/view/16449
http://saber.ucv.ve/ojs/index.php/rev_aavft/article/view/16449
http://venus.santafe-conicet.gov.ar/ojs/index.php/mc/article/viewFile/758/717
https://crea.ujaen.es/server/api/core/bitstreams/c6052610-3993-4584-a7f9-fafb6455f29e/content
https://www.cartagena99.com/recursos/alumnos/temarios/210713135314-OCTAVE1.pdf
https://www.academia.edu/15210344/GNU_Octave_A_high_level_interactive_language_for_numerical_computations
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Octave facilitates the teaching of 

mathematical concepts and their application in 

engineering, as seen in the work of Flores et al., 

[2024], which shows how the software was 

applied in teaching Calculus to Environmental 

Engineering students. In his study, both 

meaningful and mechanical learning approaches 

were used, combining theoretical classes and 

computer lab sessions to solve analytical and 

numerical exercises, allowing for the 

comparison of results and evaluating its 

pedagogical impact. On the other hand, Aguilar   

[2022], in his article, presents the basic 

commands of Octave and its usefulness in 

solving systems of linear equations, structural 

analysis, automatic control, and signal 

processing, which are key areas of engineering.  
 

These examples, ranging from 

programming differential equations to obtaining 

the roots of polynomials, are crucial for 

Electrical, Mechanical, and 

Telecommunications Engineering. Furthermore, 

in Deutsch [1972]. Study on octave 

generalization, the applicability of Octave in 

signal processing is highlighted, as demonstrated 

by its use in manipulating and analyzing data in 

dynamic simulations, reinforcing its potential to 

analyze physical phenomena and complex 

dynamic systems in various branches of 

engineering. These studies show how Octave 

can be integrated into both the teaching and 

practical application of engineering-related 

problems, supporting both learning and solving 

real-world issues across multiple disciplines. 
 

In the field of computer vision and image 

processing, Kovesi [2010] highlights how 

Octave, by integrating advanced MATLAB 

functions, can be used to perform complex 

analyses such as image segmentation and feature 

detection, facilitating its application in dynamic 

systems and optimization of dynamic computing 

experiments. Furthermore, Alberts & Dorofee 

[2001], in his work on security risk assessment, 

introduces a methodological approach that, 

although not directly related to Octave, presents 

principles applicable to security in 

computational simulation environments, 

suggesting that these approaches could be 

extrapolated to the development of dynamic 

models and their simulation on platforms like 

Octave. These publications demonstrate how 

Octave operates effectively when applied in 

advanced fields of image processing and risk 

analysis, expanding its potential in simulating 

and modeling complex dynamic systems, 

beyond its traditional use in mathematical 

calculations. 

Octave has been recognized as an 

essential tool for solving mathematical problems 

and performing numerical calculations, 

especially in modeling physical systems. 

According to Eaton et al., [2025], being an open-

source software compatible with MATLAB, 

Octave provides an accessible and efficient 

option for the numerical integration of 

differential equations, optimizing computational 

solutions across various engineering fields. 

Solving these equations aims to determine the 

"Primitive Functions," which are fundamental in 

solving differential equations and have key 

applications in dynamic system simulation 

[Romo, 2005]. 

 

The concept of damping, described by 

Huirse  [2015], is essential in mechanical 

systems, where a system's ability to dissipate 

kinetic energy prevents conditions of high 

vibration and instability, as occurs in resonance 

systems. These principles are fundamental to 

understanding how dynamic systems respond to 

stimuli and how Octave can be used to model, 

simulate, and analyze these complex behaviors 

in engineering. Viscous damping is one of the 

most widely used mechanisms in vibration 

analysis, particularly when a mechanical system 

vibrates in a fluid medium such as air, gas, water, 

or oil, where the resistance of the fluid dissipates 

the system's energy. In this context, the amount 

of energy dissipated depends on various factors, 

such as the size and shape of the vibrating body, 

the viscosity of the fluid, the vibration 

frequency, and the velocity of the body.  

 

Due to analytical simplifications, viscous 

damping is frequently used in dynamic 

idealizations [Hermes, 2023]. Regarding 

damping systems, they are classified as 

overdamped, critically damped, and 

underdamped. An overdamped system has a 

damping coefficient greater than the spring 

elasticity constant k, which prevents oscillatory 

motion due to high damping. A critically 

damped system is characterized by returning to 

its static equilibrium position without 

oscillations, and any change in the damping 

force makes it either an overdamped or 

underdamped system [Cornejo et al., 2016]. In 

contrast, an underdamped system allows for 

oscillatory motion before returning to its 

equilibrium position, where mechanical systems 

consist of solid elements that transform or 

transmit motion through forces, allowing them 

to perform work and movement in various 

engineering applications [Cortes, 2019].  

https://revistas.ujcm.edu.pe/index.php/rctd/article/view/242/207
https://www.researchgate.net/publication/365187455_GNU_OCTAVE_para_Ingenieria
https://www.researchgate.net/publication/365187455_GNU_OCTAVE_para_Ingenieria
https://link.springer.com/article/10.3758/BF03206280
https://es.scribd.com/document/251399528/Page
https://insights.sei.cmu.edu/documents/655/2001_005_001_13871.pdf
https://www.gnu.org/software/octave/doc/v10.1.0/
https://www.academia.edu/36546035/TEOR%C3%8DA_Y_PROBLEMAS_DE_ECUACIONES_DIFERENCIALES_Cap%C3%ADtulo_III_SOLUCI%C3%93N_DE_ECUACIONES_DIFERENCIALES
https://es.scribd.com/document/285466042/amortiguamiento
https://es.scribd.com/document/639568219/Amortiguamiento-Viscoso
https://www.academia.edu/40360161/SISTEMA_MASA_RESORTE_CON_MOVIMIENTO_LIBRE_AMORTIGUADO_CASOS_SOBREAMORTIGUADO_CR%C3%8DTICAMENTE_AMORTIGUADO_Y_SUBAMORTIGUADO_SU_MODELADO_Y_SOLUCI%C3%93N_CON_EL_APOYO_DE_GEOGEBRA
https://es.scribd.com/document/430424236/Informe-Masa-Resorte-Amortiguador
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These concepts are key to understanding 

how dynamic systems respond to stimuli and 

how they can be efficiently modeled and 

simulated on platforms like Octave for use in 

engineering. 

 

One of the most common phenomena in 

kinematics is oscillatory motion, which can be 

observed in the vibration of a spring when 

released after being compressed or stretched, 

generating a repetitive and predictable 

displacement known as oscillation [Ardila et al., 

2009]. Newton's Second Law states that the 

force applied to an object is directly proportional 

to the object's mass and the acceleration it 

experiences. Additionally, Hooke's Law states 

that the force exerted by a spring is proportional 

to its elongation. 

 

 This relationship allows for the 

establishment of a second-order differential 

equation that describes the behavior of the mass-

spring-damper [MRA] system. The solution to 

this equation provides valuable information 

about the spring's elasticity constant, which 

helps understand its behavior under different 

applied forces [Arcila & Caicedo, 2023]. In the 

case of the MRA system, which involves a mass 

mmm, a spring constant K, and a damper with a 

viscous damping coefficient, the equation 

governing its behavior, in the absence of external 

forces, is: 𝑚
𝑑2𝑥

𝑑𝑡2 = −𝐵
𝑑𝑥

𝑑𝑡
− 𝑘𝑥, here x is the 

displacement of the mass from its equilibrium 

point. The negative sign in the equation reflects 

the opposing action of the spring and the damper 

on the movement [Escalante et al., 2016].  

 

This MRA system remains a central topic 

in the study of mechanical vibrations, being a 

fundamental model in simulating and analyzing 

dynamic phenomena in engineering. 

 

The development of interactive programs 

involves creating graphical interfaces that allow 

the user to input data and receive results, which 

enhances interaction with the software. In many 

programs, like those used in Octave, user-

provoked events trigger specific actions, 

optimizing the user experience [Sánchez, 2021].  

 

Octave is an interactive computational 

tool designed for performing numerical 

calculations, particularly in matrix handling, and 

it originated as software for chemical 

engineering courses at the University of Texas.  

 

 

Its main features include vector and 

matrix calculations, complex arithmetic, 

statistical analysis, and control system design 

[Chan, 2018]. As a free alternative to MATLAB, 

Octave offers an interactive interpreter that 

allows for executing numerical commands, such 

as solving linear systems, nonlinear problems, 

and initial value problems, facilitating the 

resolution of complex mathematical problems 

[Telesford, 2018].  

 

The use of differential equations is 

essential to describe the behavior of dynamic 

systems, where the order of the highest 

derivative and the degree of the equation are key 

factors in solving these problems, as the solution 

to a differential equation provides a function that 

satisfies the conditions of the modeled system 

[Pozo et al., 2015].These principles allow 

Octave to be a powerful tool for simulating and 

analyzing dynamic systems in engineering.  

 

Octave is widely used in engineering and 

applied sciences for its ability to perform 

calculations with vectors, matrices, and complex 

numbers, in addition to generating 2D and 3D 

plots [Chávez, 2018]. Octave has proven to be 

more reliable than other software like Python in 

terms of the number of iterations required to 

meet error criteria in simulations, though it 

presents higher processing times compared to 

Matlab and Python. However, its ability to 

perform simulations with high precision and 

reliability, especially in scenarios that require 

exact results, makes it invaluable in scientific 

and engineering applications where the accuracy 

and reliability of results are paramount.  

 

According to Guedes and Nepomuceno 

[2019], this combination of reliability and 

precision, even with longer execution times, 

underscores its relevance in simulating and 

modeling complex dynamic systems in various 

engineering fields. 

 

García [2025] states that it is possible to 

propose interactive environments to facilitate the 

learning of complex simulation-related 

concepts, such as the generation of pseudo-

random numbers and statistical testing. Through 

educational software with a graphical user 

interface, students can observe the behavior of 

various algorithms in real time, allowing them to 

analyze results and strengthen their theoretical 

understanding.  

 

https://www.academia.edu/65738542/Simulaci%C3%B3n_de_un_sistema_masa_resorte_amortiguador_con_circuitos_electr%C3%B3nicos
https://www.academia.edu/65738542/Simulaci%C3%B3n_de_un_sistema_masa_resorte_amortiguador_con_circuitos_electr%C3%B3nicos
https://es.scribd.com/document/647458589/ECUACIONES-DIFERENCIALES-SISTEMA-MASA-RESORTE
https://www.redalyc.org/articulo.oa?id=57048166001
https://es.scribd.com/document/509859335/Interfaces-Graficas
https://www.academia.edu/36591959/INTRODUCCI%C3%93N_A_OCTAVE
https://www.academia.edu/38941899/INTRODUCCION_A_OCTAVE_I
https://www.academia.edu/18656785/Ecuaciones_diferenciales
https://www.academia.edu/36591959/INTRODUCCI%C3%93N_A_OCTAVE
https://arxiv.org/abs/1910.06117
https://dspace.ucuenca.edu.ec/items/070d24c1-4e6e-4130-b3ed-bd6a89cc0dcb/full


5 

Journal Computer Technology                                                                  9[21]1-14: e3921114 

Article 
 

 
 

ISSN: 2531-2197. 

RENIECYT: 1702902 
ECORFAN® All rights reserved. 

 

González-Galindo, Edgar Alfredo, García-Pérez, Rafael Eduardo, 

Pérez-Díaz, Rubén and González-Ledesma, Alberto. [2025].  

Development of a graphical interface for simulating dynamic 

systems using octave for the creation of digital educational 

materials. Journal Computer Technology. 9[21]1-14: e3921114. 

https://doi.org/10.35429/JCT.2025.9.21.3.1.14 

This becomes a comprehensive 

educational strategy that links theory with 

practice.  

 

For his part, Capacho [2025] highlights 

the importance of modeling and simulation as 

key strategies for strengthening learning in 

engineering and robotics. Various approaches 

have demonstrated that, whether through the 

analysis of dynamic systems such as the mass-

spring-damper, the generation of pseudo-

random numbers, or the development of 

autonomous vehicles in structured 

environments, the use of accessible 

technological tools improves the understanding 

of complex concepts.  

 

Environments such as Octave, 

pseudocode, or platforms like Arduino make it 

easier to translate physical and computational 

models into visual and interactive experiences. 

Meanwhile, Mármol [2025] explains that the 

dynamic analysis of physical systems 

necessarily begins with a rigorous mathematical 

formulation based on fundamental principles—

unlike proposals focused on immediate 

visualization or the development of basic 

algorithmic skills. His approach requires 

students to deeply understand the differential 

equations governing the system, as well as the 

boundary conditions and physical parameters 

involved. 

 

 While promoting visual interaction with 

dynamic phenomena through a graphical 

interface, it starts from the premise of facilitating 

learning using accessible computational tools. 

However, without necessarily delving into the 

physical-mathematical origin of the model, the 

author asserts that conceptual mastery of the 

structural elements of the mass-spring-damper 

system and its mathematical relationships is 

essential before proceeding with its simulation.  

 

This ensures that the student does not 

merely visualize a result, but can interpret, 

validate, and adjust the model with scientific 

grounding. 

 

Objective 

 

Develop and implement an interactive graphical 

interface in Octave for the simulation of 

dynamic systems, specifically the mass-spring-

damper system [MRA].  

 

 

This tool will facilitate the creation of 

digital teaching materials for the teaching of 

physical phenomena and theoretical models in 

the Electrical and Electronic Engineering 

program at the Faculty of Higher Studies 

Aragón, UNAM. The system will allow students 

to apply programming knowledge in open-

source software like Octave, intuitively solving 

fourth-order ordinary differential equations and 

using the ODE45 adaptive step solver. 

Additionally, it will provide graphical 

representations of position, velocity, and 

acceleration, thereby improving the teaching-

learning process. 

 

Hypothesis 

 

At the higher education level, the vast majority 

of students in the Electrical and Electronic 

Engineering program do not have access to 

software licenses due to their high cost. As a 

result, they tend to resort to open and free 

software. Implementing an interactive graphical 

interface in Octave for simulating dynamic 

systems and the automatic generation of reports 

in PDF format, which integrates mathematical 

analysis and simulation results, will enable 

students to intuitively and effectively understand 

the theoretical concepts associated with the 

MRA systems. This will facilitate the 

simultaneous visualization of position, velocity, 

and acceleration, thereby strengthening the 

teaching-learning process and facilitating the 

creation of digital teaching materials that 

contextualize theoretical models. 

 

Methodology and Development 

 

In the Electrical and Electronic Engineering 

program, the analysis of MRA systems is of 

great importance, as it is a commonly used 

model to describe vibration and damping 

phenomena in mechanical systems, as shown in 

Figure 1. 

 

Box 1 
 

 
Figure 1 

In the diagram, the mass 𝑚 is the object being displaced 

in the system, which has inertia and responds to the 

applied force. 

https://red.uao.edu.co/server/api/core/bitstreams/0c878246-633d-45e5-b2d6-d4d439c0c185/content
https://rinacional.tecnm.mx/bitstream/TecNM/9746/4/Enrique_Quintero_Mármol_Márquez_2025.pdf
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The spring is represented by the red 

spiral line, and it exerts a restoring force on the 

mass when it moves from its equilibrium 

position. Representing Hooke’s Law, the 

spring’s force is proportional to the elongation 𝑥, 

that is , 𝐹 = −𝑘𝑥, where 𝑘 is the spring constant 

and 𝑥 is the displacement of the mass.  

 

The damper, represented by the pink 

block labeled "B," dissipates energy from the 

system, typically in the form of heat, by reducing 

the amplitude of the vibrations. In this case, the 

damping force is proportional to the velocity of 

the mass, and is represented as 𝐹 = −𝐵𝑥̇, where  

𝐵 is the damping coefficient and  𝑥̇ is the velocity 

of the mass.  

 

The blue arrow pointing to the right 

indicates an external force applied to the system, 

which may be a force that drives or moves the 

mass. This is an important factor in analyzing 

how the system responds to external forces, 

where the system is fixed at one end, as 

represented by the green line connecting the 

spring and the damper. It is indicated that the 

system is restricted in that direction, allowing the 

mass to move forward and backward. Figure 2 

shows the representation of a block diagram of 

an MRA system with an analysis of its 

components in terms of inputs and outputs. 

 

Box 2 
 

 
Figure 2 

In this diagram, the analysis of dynamic systems is 

shown, where differential equations are used to 

model the evolution of displacement 

 

This type of model is generally used to 

study the behavior of vibrations, damping, and 

resonance in mechanical systems. The system 

receives an external force 𝐹[𝑡], which acts on the 

system, and this is the input signal to the system, 

representing an applied force to the mass at a 

given moment, allowing us to observe the 

dynamics of the mass.  

 

 

 

The block with 
1

𝑚
 indicates the 

relationship between the applied force and the 

acceleration the mass experiences, which, 

according to Newton's second law, is related to 

acceleration as 𝑎 =
𝐹[𝑡]

𝑚
.  

 

The result of this operation is the mass's 

acceleration 𝑥̈ [𝑡]. The damping block 𝐵 shows 

how the system's velocity 𝑥̇ [𝑡] influences the 

damping force. The damping force 𝐹[𝑡] is 

proportional to the velocity 𝑥̇ (𝑡), according to 

the equation: 𝐹 = −𝐵𝑥̇. This force opposes the 

movement and dissipates energy from the 

system.  

 

The spring block 𝑘 represents the 

relationship between the displacement 𝑥[𝑡] of 

the mass and the force exerted by the spring, 

following Hooke's Law, which provides a 

restoring force to the system. The blocks with 

𝑥̇(𝑡) y 𝑥[𝑡] indicate that the system has two 

outputs: the velocity 𝑥̇(𝑡) and the displacement 

𝑥[𝑡]  of the mass.  

 

These outputs are the result of the 

system's dynamic behavior as the external force 

𝐹[𝑡] interacts with the mass, spring, and damper. 

Signals flow from the input force 𝐹[𝑡] towards 

the MRA inversion blocks and finally to the 

displacement and velocity outputs. This shows 

how both internal and external forces affect the 

system and how the signals are transmitted 

through the model.  

 

To analyze the dynamic behavior of the 

MRA system, we use the second-order 

differential equation that describes the motion of 

the mass under the influence of the applied force, 

spring constant, and damping, as shown in 

Equation 1: 

 

𝑚𝑥̈[𝑡] + 𝐵𝑥̇[𝑡] + 𝑘𝑥[𝑡] = 𝐹[𝑡] [1] 

 

Where: m is the mass of the object. B is 

the damping coefficient, k is the spring constant, 

x[t] is the position of the object at time t, and F[t] 

is the applied external force. 

 

Rearranging the differential equation, we 

have: 

𝑥̈[𝑡] =
1

𝑚
[𝐹[𝑡] − 𝐵𝑥̇[𝑡] − 𝑘𝑥[𝑡]] [2] 

 

This system can be analyzed in terms of 

its damping behavior. 
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Another way to represent the 

homogeneous differential equation: 

 

𝑚
𝑑2𝑥

𝑑𝑡2
+ 𝐵

𝑑𝑥

𝑑𝑡
+ 𝑘𝑥 = 0 

[3] 

 

If the exponential solution is assumed 𝑥ℎ

(𝑡) = 𝑒𝑟𝑡 deriving and substituting in Equation 

2 we have: 

 

𝑚𝑟2𝑒𝑟𝑡  + 𝐵𝑟𝑒𝑟𝑡  + 𝑘𝑒𝑟𝑡  = 0 [4] 

 

If we factor the exponential, we have 

Equation 5: 

 

𝑒𝑟𝑡(𝑚𝑟2 + 𝐵𝑟 + 𝑘 ) = 0 [5] 

 

If we divide the entire equation by the 

inverse of the exponential of the previous 

equation we have: 

 

𝑚𝑟2 + 𝐵𝑟 + 𝑘 = 0 [6] 

 

Having the quadratic equation as shown 

above we can obtain the solution r: 

 

𝑟 =
−𝐵 ± √𝐵2 − 4𝑚𝑘

2𝑚
 

[7] 

 

If the system is underdamped, the square 

root is negative, so the solutions are complex: 

 

𝑟 = 𝛼 ± 𝑗 𝜔 [8] 

 

𝑟 =
−𝐵

2𝑚
± 𝑗√

4𝑚𝑘 − 𝐵2

4𝑚2
 

[9] 

 

 

𝑟 =
−𝐵

2𝑚
± 𝑗√

𝑘

𝑚
− 𝛼2 

[10] 

 

𝛼 =
−𝐵

2𝑚
 

[11] 

 

 

𝜔 = √
𝑘

𝑚
− 𝛼2 

[12] 

 

𝑥ℎ[𝑡] = 𝑒 − 𝛼𝑡[𝐶1𝑐𝑜𝑠[𝜔𝑡] + 𝐶2𝑠𝑖𝑛[𝜔𝑡]] 
 

Damping ratio: 

 

𝛼 =
−𝐵

2𝑚
 → Damping ratio: 

 

Indicates how quickly the oscillation 

loses energy. 

 

If B is large, the system damps faster. 

 

If B=0, there is no damping, and the 

system oscillates indefinitely. 

 

𝜔 = √
𝑘

𝑚
− 𝛼2 → Damped natural frequency 

 

It is the actual oscillation frequency 

when there is damping. 

 

If B=0, then ω=√
𝑘

𝑚
, which is the 

undamped natural frequency. 

 

If B is large, the system oscillates more 

slowly or stops oscillating if 𝐵2 ≥ 4𝑚𝑘. 

 

In Table 1, the types of damping are 

shown. Underdamped occurs when the damping 

coefficient B is smaller than the critical value 

𝐵crit. In this case, the system oscillates and 

shows a decrease in the amplitude of the 

oscillations over time.  

 

Critically Damped: The system has 

exactly the right amount of damping at the 

critical value 𝐵crit, which allows it to return to 

equilibrium as quickly as possible without 

oscillating. Overdamped: In this case, the 

damping coefficient B is greater than 𝐵crit, 

causing the system to stabilize, but more slowly 

and without oscillations. 

 

Box 3 
Table 1 

The image shows a table describing the types of 

damping and their relationship to the damping 

coefficient B and the form of the roots of the 

characteristic equation associated with the mass-spring-

damper [MRA] system. 
 

Damping Type Conditio

n [B] 

Shape of the Roots 

Underdamped 
B < Bcrit Complex conjugate 

roots 

Critically Damped B = Bcrit Matching real roots 

Overdamped B > Bcrit Distinct real roots 

 

Table 2 shows the types of damping, 

which can be visualized in the first column and 

starts with an Underdamped system, meaning 

that the amplitude of the oscillations decreases 

over time due to the damping. Critically 

Damped: The system returns to equilibrium 

without oscillations, meaning the system returns 

to equilibrium as quickly as possible without 

overshooting the equilibrium position.  
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Overdamped: The system settles without 

oscillations, but more slowly than in the 

critically damped case. 

 

Box 4 
Table 2 

The table details the damping coefficient, angular 

frequency, and behavior for three different types of 

damping in a mass-spring-damper [MRA] system. 
Damping Type Damping 

Coefficient (𝜶) 

Angular 

Frequency 
(𝝎) 

Behavior 

Underdamped 𝛼 =
𝐵

2𝑚
 𝜔 = √

𝑘

𝑚
− 𝛼2 

Damped 

oscillations 

Critically 

Damped 

𝛼 =
𝐵

2𝑚
 

𝜔 = 𝜔𝑜  

𝜔 = √
𝑘

𝑚
 

Return to 

equilibrium 

without 

oscillations 

Overdamped 𝛼 =
𝐵

2𝑚
 𝜔 = √

𝑘

𝑚
− 𝛼2 

Stabilization 

without 

oscillations 
 

 

Figure 3 shows the flowchart that 

describes an interactive process to simulate and 

analyze a mass-spring-damper system based on 

the damping coefficient 𝐵. Depending on its 

value, the system is classified as underdamped, 

critically damped, or overdamped. The process 

allows visualization of how the mass, spring, and 

damper interact under different damping 

conditions. 

 

Box 5 
 

 
Figure 3 

The diagram shows the initialization of a graphical 

system in Octave, which configures the graphical 
interface with controls [fields, buttons, area for 

graphics, etc.]. 
 

Figure 4 shows the flowchart describing 

how to classify a mass-spring-damper system 

based on its damping coefficient 𝐵, determining 

whether the system is underdamped, critically 

damped, or overdamped.  

Depending on the classification, the 

system will plot the position, velocity, and 

acceleration of the system, along with the legend 

showing the damping type and other parameters 

such as 𝛼 and 𝜔. 

 

Box 6 
 

 
Figure 4 

The flowchart describes the process of classifying 
a mass-spring-damper system based on its 

damping coefficient 𝐵. 

 

The graphical interface developed in 

Octave allows users to input key parameters to 

simulate a mass-spring-damper system. The 

generated graphs help visualize the dynamic 

behavior of the system, showing amplitude 

modulation and frequency response, among 

other important variables. The control buttons 

facilitate the execution of calculations and the 

export of results. The design of this interface 

enhances the understanding and visualization of 

dynamic systems, making it ideal for the analysis 

and teaching of physical phenomena in 

engineering, as seen in Figure 5. 

 

Results 

 

Figure 5 shows the window of the graphical 

interface. In part one, the input parameters for 

the MRA simulation are introduced, including 

values for mass [m], spring constant [k], 

damping coefficient [B], applied force [F[t]], 

initial position [x₀], initial velocity  [v₀] and 

simulation time, all of which are needed to 

define the behavior of the mechanical system.  
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Part 2: This is where the system's 

behavior over time will be graphed, showing the 

different curves corresponding to the system’s 

positions under different damping types 

[underdamped, critically damped, and 

overdamped]. The graph illustrates how the 

magnitude of the position changes over time. 

Part 3: This is the area where the control buttons 

are located. Clicking the first button "Solve and 

graph" will calculate the system’s behavior and 

display it on this graph, showing how the 

damping varies with time for different 

parameters.  

 

The second button "Export to PDF" will 

export the graph in PDF format, allowing it to be 

saved in a folder predefined by the user. The 

third button "Close" will close the graphical 

interface, and the fourth button "Clear Graph" 

will delete the generated graph and clear the 

interface data. 

 

Box 7 
 

 
Figure 5 

The graphical interface developed in Octave is 

described below. 

 

The behavior of a mechanical system 

with three types of damping is shown. The blue 

curve represents an underdamped system, where 

the oscillations gradually decrease over time, 

indicating that the damping is not sufficient to 

completely stop the oscillations. The light blue 

curve shows a critically damped system, where 

the oscillations stop as quickly as possible 

without the system oscillating more than 

necessary, reaching equilibrium without 

excessive delay. Finally, the black curve 

represents an overdamped system, where the 

amplitude decreases rapidly without oscillations, 

stabilizing without crossing the equilibrium 

value due to damping greater than the critical 

value, as shown in Figure 6. 

 

 

 

 

Box 8 
 

 
Figure 6 

The graphical interface shows the three types 

of damping in an MRA system developed in 

Octave. 

 
The velocities of a mechanical system for 

three types of damping: The red curve, as shown 

in Figure 7, represents the velocity of the 

underdamped system, where the oscillations 

decrease over time but still exist for a period. 

The dashed purple curve represents the velocity 

of the critically damped system, where the 

oscillations stop as quickly as possible, reaching 

equilibrium without excessive delay. Finally, the 

dashed red curve shows the velocity of the 

overdamped system, characterized by a rapid 

decrease in amplitude without oscillations, 

stabilizing without crossing the equilibrium 

value. The significance of this graph lies in 

comparing the velocities of the three systems, 

which allows us to observe how the stabilization 

speed varies between each damping type. 

 

Box 9 
 

 
Figure 7 

The graph shows the velocity functions for 

each damping type, recalling that velocity can 

be expressed as the first derivative of position. 

 

The results obtained after assigning 

specific values to the parameters of the MRA 

system. The user defined these values with the 

objective of analyzing the system’s behavior 

under different damping conditions.  
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As a result, three representative curves of 

the system’s acceleration were obtained: The 

green curve corresponds to the underdamped 

case, where the system presents decreasing 

oscillations due to insufficient damping. The 

dashed pink curve represents the critically 

damped case, where the system returns to 

equilibrium in the shortest time possible without 

oscillating.  

 

Finally, the dashed purple curve reflects 

the behavior of the overdamped system, 

characterized by a return to equilibrium without 

oscillations, as shown in Figure 8, but slower 

than in the critical case. This visualization allows 

us to graphically contrast the three classic 

damping regimes in second-order dynamic 

systems, demonstrating the usefulness of the tool 

developed for educational purposes. 

 

Box 10 
 

 
Figure 8 

The graph shows the acceleration functions 

for each damping type, recalling that 

acceleration can be expressed as the second 

derivative of position 

 

The temporal evolution of the three 

fundamental variables of a second-order MRA 

dynamic system subjected to a constant force is 

presented. In Figure 9, a blue curve is observed 

representing the position, which oscillates with 

decreasing amplitude toward an equilibrium 

value.  

 

The red curve represents the velocity, 

alternating more rapidly between positive and 

negative values. The green curve corresponds to 

acceleration with larger and more sensitive 

oscillations, reflecting the second derivative of 

the motion.  

 

If we pay attention, we can assert that all 

three graphs represent only one damping type, 

which is the underdamped. 

 

 

Box 11 
 

 
Figure 9 

In this graph, the three main concepts of the 

system's dynamics are combined: position, 

velocity, and acceleration. Keep in mind that 

it exclusively shows the behavior of the 

system with underdamping. 

 

The temporal response of an MRA 

system under critical damping conditions is 

obtained when the damping coefficient equals 

the critical value. The dashed light blue curve 

represents the position, which decreases 

smoothly until stabilizing. The dashed pink 

curve shows the velocity with a decreasing 

response, with no crossings of the horizontal 

axis. The dashed black curve represents the 

acceleration, with an initial steep slope that 

quickly tends to zero, as shown in Figure 10. 

 

Box 12 
 

 
 

Figure 10 

In this graph, the three main concepts of the 

system’s dynamics are combined: position, 

velocity, and acceleration. Keep in mind that 

it exclusively shows the behavior of the 

system with critical damping. 

 

Figure 11 shows the temporal response 

of an MRA system under overdamped 

conditions. Under this condition, the system 

does not oscillate and returns to its equilibrium 

position slowly and monotonically.  
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It can be observed how the system’s 

response tends asymptotically toward an 

equilibrium value without crossing that point, 

which is characteristic of the overdamped 

behavior.  

 

Additionally, the system shows a rapid 

decrease in initial acceleration, followed by a 

stabilization of velocity and position as time 

progresses. The interface allows for easy 

modification of the system’s parameters, real-

time result visualization, and export of the data 

for subsequent analysis, thus facilitating the 

interactive study of dynamic systems in 

educational environments. 

 

Box 13 
 

 
Figure 11 

In this graph, the three main concepts of the 

system's dynamics are combined: position, 

velocity, and acceleration. Keep in mind that 

it exclusively shows the behavior of the 

system with underdamping. 

 

The document presents a PDF that 

includes the introduction, where the purpose of 

the study is outlined, which is the simulation of 

dynamic systems using Octave to create digital 

teaching materials.  

 

The equation of the system is shown, 

which describes the behavior of the dynamic 

system in terms of force, mass, and acceleration 

as observed in Figure 12. In the system 

parameters section, the variables and constants 

used in the simulation are detailed, such as mass, 

numerical arrangement, and spring constant.  

 

Additionally, a simulation graph is 

included, which illustrates the evolution of the 

system’s position as a function of time, 

demonstrating how the simulation reflects the 

system's behavior under certain conditions. 

 

 

 

Box 14 
 

 
Figure 12 

This image shows the first page of the PDF 

generated by Octave, including all the relevant 

data captured in the interface, as well as its 

corresponding graph. 

 

In the PDF file generated, the 

conclusions of the interface created in Octave 

highlight that the analysis of the dynamic system 

allows us to observe, in Figure 13, how the 

position of the object changes over time.  

 

The importance of parameters such as 

mass, spring constant, and applied force in the 

system's evolution is emphasized. These 

simulations facilitate the understanding of 

dynamic systems.  

 

It is important to highlight the 

application of these studies in engineering and 

physics, as numerical simulations, such as the 

one performed in Octave, offer valuable results 

for the understanding and teaching of complex 

concepts. 
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Box 15 
 

 
Figure 13 

The second page of the PDF generated by 

Octave is shown, where the conclusion of the 

project is observed. 

 

Conclusions 

 

The development and implementation of the 

interactive graphical interface for simulating 

dynamic systems using Octave has proven to be 

a highly effective and accessible tool for 

learning and teaching physical and mathematical 

phenomena in the field of Electrical and 

Electronic Engineering.  

 

This project highlights the potential of 

open-source software, such as Octave, to 

facilitate the creation of digital teaching 

materials that allow students to understand 

theoretical concepts related to dynamic systems 

and differential equations more deeply and 

visually.  

 

The developed interface allows users to 

input specific parameters, perform simulations 

of MRA systems, and visualize the results 

clearly and precisely. Additionally, the ability to 

export these results in PDF format encourages 

the production of automated reports, which is a 

valuable educational tool for the evaluation and 

analysis of dynamic systems.  

 

The analysis of systems with different 

types of damping [underdamped, critically 

damped, and overdamped] through this interface 

reinforces students’ practical learning by 

providing an interactive environment where they 

can observe and compare the system's behavior 

in real-time.  

This approach facilitates the 

understanding of complex phenomena, such as 

energy dissipation and mechanical system 

stability, significantly contributing to the 

development of analytical and programming 

skills. Finally, the use of Octave and the 

developed graphical interface opens new 

possibilities for engineering learning, providing 

an accessible and cost-effective alternative to 

commercial software, and promoting more 

effective education in the field of engineering.  

 

This project represents an important step 

in integrating computational tools into the 

teaching of dynamic systems and provides a 

solid foundation for future research and 

applications in areas such as vibration analysis, 

automatic control, and simulation of physical 

systems. 
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Abstract  
 

An important challenge faced in the design of projects for the Computer 

Engineering Integration Activity at the Universidad Autónoma de Tlaxcala is 

bringing real-life case studies to the students. One such case is the 
implementation of an online store or e-commerce that allows local businesses 

to sell products or services online. To this end, a series of quality practices 

aligned with the CMMI-Dev 2 model are established. Students must follow 

these practices for the development of the online store. This will allow them 

to identify real customer needs, plan, propose a design, build the solution, and 

conduct testing prior to implementation. By following these stages, the goal is 

for students to integrate the knowledge and skills acquired in different subjects, with 

the core subjects being those related to Software Engineering, which are 

Requirements Engineering and Estimation and Software Design and Modeling. 

 

 
E-Commerce, Quality, Software Engineering 

 

Resumen 
 

Un reto importante que se tiene en el planteamiento de proyectos de Actividad 

Integradora de Ingeniería en Computación de la Universidad Autónoma de Tlaxcala 

es el acercar casos reales a los estudiantes, siendo uno de ellos la implementación 

de una tienda en línea o e-commerce que permita a comercios locales la venta de 

productos o servicios en línea. Para esto se establecen una serie de prácticas de 

calidad alineadas al modelo CMMI-Dev 2, que los estudiantes deben seguir para el 

desarrollo de la tienda en línea, lo cual les permitirá identificar necesidades de 

clientes reales, realizar una planeación, plantear un diseño, construir la solución y 

realizar pruebas previo a su implantación. Al seguir las etapas mencionadas se 

busca que los estudiantes integren los conocimientos y habilidades adquiridas en 

distintas materias siendo la materia eje las relacionadas con Ingeniería de Software, 

que son: Ingeniería de Requerimientos y Estimación y Diseño y Modelado de 

Software.  
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Introduction 

 

The development of online store systems or e-

commerce is no longer only within the reach of 

large companies or businesses. As a result of the 

COVID-19 contingency, a "pandemic effect" 

has emerged, where growth in Latin American 

countries in the use of e-commerce since 2020 

exceeds that of previous years. [Kung & Katz, 

2022], being Mexico one of the fastest growing, 

faced with this opportunity, local businesses are 

seeking to integrate online sales systems and, in 

some cases, inventory control to automate their 

sales, increase their reach and improve their 

processes. 

 

In this context, the development of an 

online sales system is presented as a real need for 

local businesses in the state of Tlaxcala. Students 

from the Computer Engineering program at the 

Autonomous University of Tlaxcala [UATx] can 

participate in the analysis of their needs and the 

development of a solution proposal, as part of an 

Integrative Activity to be carried out over two 

semesters.  
 

This problem is also considered relevant 

to complement the students' competencies, since 

needs can be identified for information 

registration, updating, deletion, as well as the 

management of shopping cart and payment 

information, among other functionalities. 

Another important aspect is that the different 

phases of the project will be aligned to the 

CMMI-Dev 2 maturity model, seeking to 

integrate quality practices into the different 

activities.  

 

This paper will address the concepts of 

Integrative Activity in UATx, Online Store 

Systems, and the CMMI-Dev 2 Model.  

 

The artifacts that comply with the 

model's practice area will be described, as well 

as some application interfaces and their 3D 

modeling as an example of the implementation 

carried out. 

 

Integrative Activity at the Autonomous 

University of Tlaxcala  

 

The Autonomous University of Tlaxcala 

indicates in its mission the generation of 

scientific, technological and humanistic 

knowledge in the context of local, national and 

international needs, it is in this framework that 

the Integrative Activity [AI] seeks to support its 

fulfillment and is defined as:  

"a problematizing learning situation 

[projects, cases, problems] designed by the 

teachers of the different learning units that make 

up the college, with the participation of the 

students, with the purpose of articulating the 

knowledge, skills and attitudes raised in the 

graduation profile" [Padilla & Mecalco, 2012]. 

An important aspect of its fulfillment is that 

students must be integrated into teams, which is 

expected to develop in them a collaborative 

work approach, which is common in software 

development contexts and which, for the 

purposes of this project, allows them to adopt 

different roles, such as requirements analyst, 

designer, programmer, among others. 
 

Online Store Systems 
 

An online store or e-commerce system is a web 

or mobile platform that allows for the purchase 

and shipping of products. It typically includes 

features for customer registration, shopping cart 

management, product sales management, 

payment options with payment platform 

integration, and, in some cases, order or 

shipment tracking, as well as some means of 

contact or support. Among the expected features 

of an online store are a responsive design and 

intuitive interaction with potential customers. 

 

CMMI Model 

 

In software development projects, it is essential 

to establish a methodology that guides the 

activities that must be followed to transform 

customer needs into requirements and 

subsequently into a functional product. 

Development methodologies, along with process 

improvement models, seek to balance and 

maintain cost, effort, and quality during a 

software development project by establishing 

activities and practices for this purpose. The 

Capability Maturity Model for Integrated 

Management [CMMI] is one of the most widely 

used and widely implemented quality 

management and process improvement models 

in software development organizations. Its 

objective is to provide a development standard 

and an approach to process improvement that 

provides organizations with the essential 

elements to increase their performance, 

including the identification of strengths and 

weaknesses [González, et.al. 2021] CMMI for 

Development, or CMM-Dev, is oriented toward 

product development and, through practice 

areas, defines a set of quality practices that guide 

the activities a development team must carry out 

to ensure productivity and quality in its 

processes.  

https://repositorio.cepal.org/server/api/core/bitstreams/cf05ce4b-b465-4740-86a1-6b707267e99b/content
https://repositorio.cepal.org/server/api/core/bitstreams/cf05ce4b-b465-4740-86a1-6b707267e99b/content
https://www.uv.mx/coloquiomeu2016/files/2016/12/La-actividad-integradora-%20MoisesMecalco-Lopez.pdf
https://dialnet.unirioja.es/descarga/articulo/8590509.pdf
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The CMMI model seeks to help the 

organization reach maturity levels by gradually 

covering practice areas, ranging from levels 1 to 

5. 

 

Method Description 

 

Currently, the software development industry 

requires professionals in the area who know and 

apply all the phases involved in the 

implementation of a software system. Proposing 

the development of an application or online store 

system in its analysis and planning phases allows 

the student to discover and apply solutions to 

problems where its implementation is required, 

covering all the generic activities of the software 

life cycle in a real-life context. 

 

Fifth- and sixth-semester faculty 

members from the UATx Computer Engineering 

program form a fifth- and sixth-semester 

collegiate to map out the path students should 

follow in the Integrative Activity, identifying a 

real-life situation while integrating the 

knowledge and skills acquired in the subjects or 

learning units to solve a posed problem.  

 

In the case of the work presented, the 

board determined that students should identify a 

local business to find a real customer from whom 

to obtain specific needs or requirements in their 

context. This seeks to have an impact on the 

local environment by supporting businesses in 

accessing other sales channels.  

 

It is within this framework that the 

contents of the following learning units or 

subjects are integrated for the fifth semester: 

 

- Requirements Engineering and 

Estimation 

- Database Query and Optimization 

- Human-Computer Interaction 

 

For the sixth semester, the following 

units are included: 

 

- Software Design and Modeling 

- Virtual Environment Design 

- Mobile Device Development 

 

Regarding the CMMI-Dev model, it was 

decided to use Level 2 practice areas since they 

are highly aligned with a classic development 

lifecycle. These are: 

 

- Requirements Management [REQM] 

- Project Planning [PP] 

- Project Monitoring and Control [PMC] 

- Configuration Management [CM] 

- Process and Product Quality Assurance 

[PPQA] 

- Measurement and Analysis [MA] 

 

The deliverables expected as part of the 

CMMI-Dev 2 Model implementation are as 

follows: 

 

- Software Requirements Specification 

- Project planning 

- Interface prototypes 

- Analysis and design document 

- Source code aligned with coding 

standards 

- User and operating manuals 

 

Although these are the deliverables, the 

team must create other artifacts internally to 

comply with other model practices, such as: 

 

- Traceability Matrix 

- Audit Reports 

- Verification and Validation Reports 

- Test Plans 

- Progress Reports 

 

Development of an Online Sales System 

aligned with Quality Practices 

 

The integrative activity was carried out in teams 

of three or four members, with fifth-semester 

students assuming the roles defined in a software 

development team to complete the activities 

outlined in the project plan.  

 

A total of 10 teams were formed from 

two fifth-semester groups, each with distinct 

contexts. 

 

The contexts that were worked on were 

the following: 

 

1. Online model car store 

2. Online tennis store 

3. Online toy store 

4. Online jewelry store 

5. Online hardware store 

6. Online office supplies store 

7. Online computer components store 

8. Online cell phone store 

9. Online electrical products store 

10. Online video game store 
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Requirements management 

 

The teaching college defined in the AI planning 

that all systems had to meet a series of minimum 

requirements, which were: inventory control and 

replenishment, customer registration, 

administration of user roles and profiles, product 

display, shopping cart and payment methods, 

based on these initial requirements each team 

had to establish with the client the specific 

requirements according to their context, since 

the product data and information will depend on 

it. 

 

The students developed an interview 

guide, which they used to elicit requirements for 

the project, initially defining functional 

requirements for the project. Figure 1 shows an 

example of functional requirements for the 

online office supply store. In this case, the 

functional requirements define what the system 

will do.  

  

Box 1 
 

 
Figure 1 

Functional Requirements 
Source: Own elaboration 

 

Based on the Requirements List and once 

it has been validated, the Requirements 

Specification is defined. This is a technical 

document that generally defines: System scope 

and constraints, Use cases [Figure 2] and their 

narratives, Non-functional requirements, Design 

and Interface requirements, as well as a first 

version of interface prototypes.  

 

This document allows the project team to 

have a detailed context of how the interaction 

with the system is expected to be, design 

constraints and details of necessary interfaces, 

being the basis for its design.   

 

 

 

 

 

 

Box 2 
 

 
Figure 2 

Uses Case Diagram 
Source: Own elaboration 

 

Project Planning 

 

Once a first version of the use case narratives has 

been completed, an estimation tool is defined so 

that students can use it to develop detailed 

project planning. This fulfills the Project 

Planning Practice area. Figure 3 shows an 

estimation tool based on use cases and 

implementation hours, considering project 

complexity and defining hours per phase. 

 

Box 3 
 

 
Figure 3 

Project Estimation tool 
Source: Own elaboration 

 

Based on the effort hours obtained in the 

estimation tool, the team can establish a 

Comprehensive Project Plan, which integrates 

the following elements: Risk Management Plan, 

Work Breakdown Structure [WBS], Schedule, 

Communications and Data Plan, Infrastructure 

Plan, Measurement and Analysis Plan, 

Configuration Management Plan, Human 

Resources Definition, and Repository Structure.  

 

The project schedule is shown in Figure 

4. 

 

 

 

 
 

Functional Requirements List
Modul User Functional requirement Folio Entry Date Priority

User Registration All users

The system will allow users to register, the data required for 

this are the following:

*Name                                                       *Last Name                                            

*Mother's name                                          *Email                                                   

*Password                                                 

RF01 16/2/2023 Essential

Login All users
The system will allow users to log in, the data required for 

this are the following: *Email *Password                                          
RF02 6/9/2023 Essential

Administrators

The system will allow the administrator to enter articles, the 

required data for this are the following: *Product name 

*Category *Stock *Product description *Price *Image. *Brand 

*Dimensions. *Specifications

RF03 6/9/2023 Essential

Administrators The system will allow you to edit store items RF04 6/9/2023 Useful

Administrators
The system will allow the administrator to delete items from 

the catalog         
RF05 6/9/2023 Essential

All users
The system will display a list of products organized by 

categories (stationery, furniture, offers and electronics)
RF06 6/9/2023 Essential

All users
The system will allow users to search for products by name 

or keyword.
RF07 6/9/2023 Useful

All users
The system will allow you to display product details (image, 

description, stock, dimensions, category, brand and price).
RF08 6/9/2023 Essential

Inventory and Stock Management

Product Catalog

Project effort
Phase % Hours  (+10%) Length

Requirements 15% 270.65 297.715 Concept (Methods) Length hours Length hours Length hours

Project Planning 5% 90.2 99.2 Formal logic 3 7.2 14 3 8 10

Analysis and Design 25% 451.1 496.2        Simbolic Logic 2 3 8 2.5 7 2

Construction 30% 541.3 595.4 User inteface 6 4.5 14 6 15 3

Integration and Testing 20% 360.9 397.0 Data storage 4 3 3 5 12 5

Closing 5% 90.2 99.2

TOTAL 100% 1804.3 1984.8

Programming hours in SAO

Use Case Small Medium Large Small Medium Large Small Medium Large

CU_01 Users Registry 4 2 2

CU_02 Login 2 3 2

CU_03 Product Registry 3 2 2

CU_04 Product Deletion 1 1 3

CU_05 Product Edit 1 2 3

CU_06 Product Search 3 5 2

CU_7 Modify car shopping 4 4 3

CU_8 Register Shipping Data 5 1 3

CU_9Register Payment Data 1 3 6

CU_10 Change Password 1 2 2

CU_11 Suspend Account 1 5 5

CU_12 Reports 6 3 4

User inteface

Small Medium Large

Formal logic Simbolic Logic
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Box 4 
 

 
Figure 4 

Project Schedule 
Source: Own elaboration 

 

Project Design 

 

As part of the Monitoring and Control activities, 

the activities specific to the methodology 

involved in system design are followed up. 

Figure 5 shows the database diagram that is part 

of the contributions of the learning unit on 

Database Queries and Optimization, where an 

initial business model is performed, the 

functional requirements are reviewed, and from 

this, the system data dictionary is established. 

 

Figure 6 shows the Component Diagram 

made in UML, which defines the architecture of 

the system. In addition to these diagrams, 

sequence diagrams are made and in some cases 

class and state diagrams to obtain different views 

of the system's behavior and be the basis for 

construction.  

 

Box 5 
 

 
Figure 5 

Database Model 
Source: Own elaboration 

 

 

Box 6 
 

 
Figure 6 

System Component Diagram 
Source: Own elaboration 

 

Project Construction 

 

During the Construction phase, the 

functionalities were programmed, ensuring 

compliance with the functional and non-

functional requirements defined in the first 

phase. 

 

Based on the Human-Computer 

Interaction Learning Unit, it was determined that 

the design must be intuitive and accessible to all 

users, including those with disabilities.  

 

This entailed complying with web 

accessibility guidelines, such as WCAG [Web 

Content Accessibility Guidelines], to ensure that 

the site was usable by people with different 

abilities.  

 

The site also had to be compatible with 

mobile devices, tablets, and desktop computers. 

In this example, the development was carried out 

in React Vite, and a Coding Guide was 

established to peer review the source code and 

ensure its quality.  

 

Figures 7, 8, and 9 show the 

implementation interfaces. 

 

 

 

 

Start  End  Start  End

Requirements specification              219   

1 Task allocation meeting APE-GAH                  3   05/09/2023 05/09/2023 05/09/2023 06/09/2023

2
Conduct requirements gathering (on-site with the 

client)
ANALISTA-AILM                  4   05/09/2023 06/09/2023 06/09/2023 07/09/2023

3 Conduct BPMN business rules ANALISTA-AILM                  9   07/09/2023 07/09/2023 07/09/2023 08/09/2023

4 Create project directory structure in the repository CRO-CRSP                  4   08/09/2023 08/09/2023 08/09/2023 08/09/2023

5 Establish access permissions to repository folders CRO-CRSP                45   09/09/2023 09/09/2023 09/09/2023 09/09/2023

6 Create requirements list ANALISTA-AILM                23   09/09/2023 15/09/2023 10/09/2023 15/09/2023

7 Validate requirements list APE-GAH, CLIENTE-RCH                  2   16/09/2023 16/09/2023 16/09/2023 16/09/2023

8 Correct requirements list ANALISTA-AILM                  4   17/09/2023 17/09/2023 17/09/2023 17/09/2023

9 Create requirements specification ANALISTA-AILM                12   19/09/2023 22/09/2023 19/09/2023 23/09/2023

10 Define delivery protocol APE-GAH, CLIENTE-RCH                  3   23/09/2023 23/09/2023 23/09/2023 23/09/2023

11 Develop initial user interface prototype DISEÑADOR-ACA                20   24/09/2023 29/09/2023 24/09/2023 28/09/2023

12 Verify requirements specification REVISOR-ET PENDIENTE                  3   30/09/2023 30/09/2023 30/09/2023 30/09/2023

13 Correct requirements specification ANALISTA-AILM                  1   01/10/2023 01/10/2023 02/10/2023 02/10/2023

14 Validate/Accept requirements specification APE-GAH, CLIENTE-RCH                  1   01/10/2023 01/10/2023 02/10/2023 02/10/2023

 Real Date 
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Box 7 
 

 
Figure 7 

Product View Interface 
 Source: Own elaboration 

 

 

Box 8 
 

 

Figure 8 

Shopping car interface  
Source: Own elaboration 

 

As part of the implementation and in 

compliance with the Virtual Environment 

Design learning unit, a 3D modeling of the 

project's products was proposed. This allowed 

for the integration of another product view into 

the online store, thus providing a more 

personalized experience for the customer. 

 

Figure 10 shows the steps for modeling 

and texturing a keyboard. This was done using 

Blender. 
 

 

 

Box 9 
 

 
Figure 9 

Payment and shipping data interface 
Source: Own elaboration 

 

Box 10 
 

 
Figure 10 

3D keyboard modeling 
Source: Own elaboration 

 

For the Mobile Devices Learning Unit, 

an Android version was implemented, where the 

responsive interface design was maintained, 

which can be seen in Figure 11. 
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Box 11 
 

 
Figure 11 

Mobile application with responsive design  
Source: Own elaboration 

 

Process and Product Quality Assurance 

 

To comply with the Process and Product Quality 

Assurance Practice Area, verification and 

validation reports are prepared for the various 

documents generated throughout the process, as 

well as audits of the different project phases. 

 

Figure 12 shows an example of the 

verification of the Traceability Matrix 

document. Verification allows the project 

reviewer to internally verify that the document is 

free of defects and meets its intended purpose.  

 

Validation is considered an external 

quality assurance activity since it is performed 

with the client to ensure compliance with each 

deliverable. 

 

Box 12 
 

 
Figure 12 

Example of Verification Report 
Source: Own elaboration 

Figure 13 shows the application of 

auditing to the design phase, aimed at ensuring 

that the activities defined in the project schedule 

are being carried out and that the defined process 

is being followed. To ensure objectivity and 

neutrality, a cross-audit mechanism was defined, 

where team members from the fifth "A" review 

the documents of teams from the fifth "B" 

auditing phase. This ensured that no bias was 

present in the auditing process. 

  

Box 13 
 

 

Figure 13 

Audit of the analysis and design phase 
Source: Own elaboration 

 

Configuration Management  

 

As part of Configuration Management, students 

defined project folders using Google Drive to 

keep information available to team members. 

The elements that would be included in the 

project folders, as well as the file access 

mechanisms, were defined during planning. 

Throughout the project, instructors reviewed the 

nomenclature of the generated documents, as 

well as reviewed them during physical audits. 

 

Figure 14 shows the structure of the 

Requirements folder as an example. All teams 

were required to maintain a common structure 

throughout the project. 

 

Box 14 
 

 
Figure 14 

Folder structure 
Source: Own elaboration 
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Conclusions 

 

The development of online sales systems or e-

commerce presents a series of functionalities 

that can be properly implemented under the 

quality practices of the CMMI-Dev 2 model.  

 

In this way, Computer Engineering 

students applied requirements management, 

planning, monitoring and control, configuration 

management, measurement and analysis, and 

quality assurance practices in the different 

phases of software development. In this case, 10 

development projects were obtained, in which, 

through the elaboration of deliverable 

documents, UML diagrams, and internal 

artifacts, the students were able to follow the 

step-by-step process toward the construction of 

an online store.  

 

Through the definition of artifacts and 

the application of verifications and validations, 

as well as audits, compliance with the 

requirements defined by the client was 

guaranteed from the beginning. As future work, 

a maintenance phase could be established for the 

implemented projects to ensure adequate 

evolution aligned with the client's needs. 
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Abstract 

 

This article presents the development of a portable desktop 
forklift simulator, created by the Universidad Tecnológica 

de San Juan del Río as a training tool for operators. The 

system allows users to practice load handling and 

navigation within a virtual industrial warehouse, 

replicating real-world conditions without physical risk. 

Using the Iterative and Incremental methodology, the 

simulator was improved based on testing with students, 

enhancing its realism and effectiveness. Powered by the 

Unreal Engine, it offers an immersive experience with 

accurate physics and an intuitive interface. Its accessible 

design makes it a viable option for educational institutions 
and technical training centers. 
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Environment 

Resumen 

 

Este artículo presenta el desarrollo de un simulador de 
montacargas en versión de escritorio portable, creado por 

la Universidad Tecnológica de San Juan del Río como 

herramienta de formación para operarios. El sistema 

permite practicar maniobras de carga y navegación en una 
nave industrial virtual, replicando condiciones reales sin 

riesgo físico. Aplicando la metodología Iterativa e 
Incremental, el simulador fue optimizado con base en pruebas 

realizadas con estudiantes, mejorando su realismo y 
efectividad. Gracias al motor Unreal Engine, ofrece una 

experiencia inmersiva con física precisa e interfaz intuitiva. 
Su diseño accesible lo convierte en una opción viable para 

instituciones educativas y centros de capacitación técnica. 
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Introduction 

 

During this period, various development, testing, 

and evaluation activities were carried out with 

the aim of improving the effectiveness and safety 

in forklift operator training. The project’s goal is 

not only to optimize the simulator's functionality 

but also to offer a more immersive and 

operational virtual environment, allowing users 

to face different situations in a safe and 

controlled manner. 

 

This article outlines the workplan carried 

out during the internship, highlighting the 

development implemented, the progress made, 

and the results obtained in the simulator's 

development, with the aim of providing a 

comprehensive solution for practical operator 

training. 

 

It is an immersive digital environment 

created to simulate real or imagined scenarios 

where users can interact, explore, and actively 

participate. On a business level, these are online 

spaces that go beyond static websites, which only 

display products and services. In virtual spaces, 

users can test and interact with them, 

incorporating the essence of video games and 

gamification into the digital presence of 

companies. [Imascono, 2025] 

 

The Unreal Engine's Blueprint system 

helps developers create video games in a simpler 

and more visual way by adding features to 

existing game classes. Blueprints are assets 

within the Unreal Engine editor and are classified 

into interconnected nodes. By adding and 

connecting nodes, different elements can be 

created to develop complex games. [UT-HUB, 

2024] 

 

Background 

 

We count with contributions that use a forklift 

simulator with the development and the 

implementation of a virtual forklift simulator to 

train forklift operators, the study compared 

traditional training methods with a VR-based 

training approach, assessing their impact on 

energy consumption and overall efficiency of 

forklift operations in airport cargo terminals 

[Kierzkowski, A, 2024] 

 

 

 

 

In addition, several studies have been 

made that use simulation to optimize automotive 

assembly lines, highlighting their contribution to 

improve productivity and cost reduction in 

automotive industry. The simulation-based 

optimization is used to find feasible scenarios 

with least reconfiguration, stochastic, influences 

such station failures and reactive scheduling 

decisions can be considered [Rachner et al, 

2023] 

 

While some other authors have also been 

interested in the meta-analysis on the 

effectiveness of training simulators for crane 

operators, analyzing the impact on industrial 

security and skills acquisition by operators, the 

commercial release of affordable, low-cost, and 

consumer-ready virtual reality [VR] devices has 

increased the accessibility for researchers to 

investigate the benefits of VR technology 

including those aimed at education and training. 

 

VR technology provides several 

opportunities that may provide benefits over 

traditional training methods [Song et al, 2021]. 

Some other projects about safety at work in 

construction industry have been made by using 

Virtual reality simulators, these simulators were 

able to improve safety and efficiency at work o 

[Rachner, 2023].  

 

On the other hand there are also 

outcomes when using Virtual simulators in the 

teaching-learning process in the different 

educational instances showing the need of 

encouraging and appreciating art and culture . It 

is important to find effective ways to promote 

experiences related to art for students to develop 

multiple learning intelligences, especially 

focused on spaces and environments. Therefore, 

virtual tours are a very important tool to 

appreciate art from any place in the world; this 

methodology allows us to explore places and 

spaces in a virtual way and so people can get 

knowledge by using cultural resources from 

different institutions and museums. [Calvillo 

Villicaña, 2024]. 

 

Simulation is used to improve material 

handling in a factory, showing how this tool can 

improve efficiency and operational cost 

reduction [Kim, 2021]. 
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Problem 

 

One of the main areas of opportunity in forklift 

operations is operator training, which, in some 

cases, proves to be insufficient or incomplete. 

This lack of preparation can have negative 

consequences in key aspects such as workplace 

safety, technical performance, and equipment 

handling efficiency. 

 

When operators do not receive adequate 

training, they are more likely to face difficulties 

when performing tasks under pressure. This 

increases the risk of errors, operational incidents, 

and accidents, affecting both personnel safety 

and infrastructure. Additionally, extra costs may 

arise due to damage to goods or machinery. The 

absence of solid training not only compromises 

safety but also impacts the company’s overall 

productivity. An undertrained operator tends to 

perform incorrect maneuvers, which directly 

affects the efficiency of loading, unloading, and 

storage processes. As a result, lower 

performance levels and longer downtime are 

experienced, negatively impacting the 

organization’s competitiveness and profitability. 

 

Strengthening training programs through 

interactive technological tools and simulation 

environments represents an effective strategy to 

improve operator performance, allowing risk 

reduction, process optimization, and enhanced 

quality of work in the operational area. 

 

Justification 

 

The development of a desktop forklift simulator 

using technologies such as Blender and Unreal 

Engine aims to transform industrial equipment 

training. This project enhances workplace safety 

and training efficiency by providing a controlled 

environment that eliminates the risks associated 

with real equipment operation. In addition, it 

contributes to reducing accidents and long-term 

operational costs.  

 

The integration of these technologies 

positions the organization as a pioneer in 

educational solutions for the industry, optimizing 

forklift operation training and preparing it to 

face future challenges in the sector. 

 

Methodology 

 

The ierative and incremental methodology is a 

widely used development approach in product 

creation, especially in software and simulator 

projects, such as desktop forklift simulators.  

This methodology is based on the 

principle of dividing the project into small 

phases or iterations, where each phase adds a 

new feature or improvement to the final product. 

 

In each iteration, the project team 

develops a portion of the system, which is then 

evaluated and tested before moving on to the 

next phase. This allows early identification and 

correction of errors, minimizing the risk of 

failures in later stages. Moreover, each iteration 

enhances the system with new functionalities or 

improvements, enabling the final product to 

evolve continuously and flexibly. 

 

One of the main advantages of this 

approach is its ability to quickly adapt to 

changes. If new requirements or client requests 

arise during development, they can be 

incorporated into future iterations without the 

need to redo previous work. This fosters 

continuous innovation and optimizes the 

development process. 

 

Development 

 

During the project’s development, a high- 

performance computer was incorporated, 

equipped with 64 GB of RAM, a 14th-generation 

Intel Core i9 processor, and an NVIDIA RTX 

4070 SUPER graphics card. This configuration 

allows the simulator to run smoothly, ensuring 

high-quality graphics and optimal performance 

during usage sessions. 

 

To achieve a more realistic and 

immersive simulation, the Logitech G923 

steering wheel was integrated, providing precise 

steering feedback that closely replicates the 

behavior of a real forklift. In addition, three 

Logitech Extreme 3D Pro control joysticks were 

implemented, allowing the user to interact with 

different forklift functions such as fork 

movement or mast rotation. 

 

Although the project is designed to be 

portable and functional in different 

environments, measures were also taken to 

ensure that it can be operated without 

specialized hardware. To this end, specific 

keyboard controls were assigned to perform 

essential actions such as moving forward, 

braking, turning, lifting, or lowering the load. 

This dual control scheme makes the 

simulator accessible both with advanced 

peripherals and with a standard desktop setup, 

facilitating its implementation in various 

educational or training contexts. 



4 

Journal Computer Technology                                                                 9[21]1-13: e5921113 

Article 
 

 
 

ISSN: 2531-2197. 

RENIECYT: 1702902 
ECORFAN® All rights reserved. 

 

Sánchez-Pérez, Carolina Rocío, Mora-Lumbreras, Marva Angélica, 

Sánchez-Sánchez, Norma and Portilla-Flores, Alberto. [2025].  

Development of online store systems under a quality practices 

framework as an integrative activity. Journal Computer Technology. 

9[21]1-9: e4921109. 

https://doi.org/10.35429/JCT.2025.9.21.4.1.9 

Box 1 

 

 
Figure 1 

Forklift movement controller keys. 
 Source: Own 

 

Blueprints 

 

To define what Blueprints are, it is important to 

understand that they are used to create meshes, 

materials, or characters. They also allow 

interaction with the environments or menus and 

enable the creation of cameras or perspectives.  

 

However, Blueprints do not replace C++ 

programming; rather, they complement it, as 

both systems work perfectly coordinated and 

integrated with each other. [UT-HUB, 2024] 

 

Menu 

 

The menus were redesigned, specifically in the 

arrangement of the buttons. Previously, they 

were placed vertically, which made them 

difficult to see and use. They are now organized 

horizontally, improving clarity, facilitating 

navigation, and providing a more comfortable 

and accessible user experience. 

 

Box 2 

 

 
 Figure 2 

Fork movement controller keys. 
 Source: Own 

 

 

 

Box 3 

 

 
 Figure 3 

Portable desktop simulator demo  
Source: Own 

 

Box 4 

 

 
 Figure 4 

Main Menu. Source: Forklift – Desktop 

Version  
Source: Own 

 

Box 5 

 

 
 Figure 5 

Playable level selection. Source: Forklift – 

Desktop Version 
 Source: Own 
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Box 6 

 

 
 Figure 6 

Pause Menu. Source: Forklift – Desktop 

Version 
 Source: Own 

 

Box 7 

 

 
 Figure 7 

Instruction Menu. Source: Forklift – Desktop 

Version 
 Source: Own 

 

Level 1. 

 

The first level of the simulator was designed 

with a basic difficulty, intended as a training 

stage for the user to adapt to both the 

environment and the forklift controls. In this 

initial phase, the operator becomes familiar with 

fundamental movements such as moving 

forward, braking, turning, and operating the 

forks. 

 

The level’s dynamics include collecting 

coins scattered throughout the virtual 

warehouse, encouraging exploration and 

reinforcing learning through an engaging and 

practical activity. This playful approach 

facilitates the development of basic skills as the 

user navigates through narrow spaces and turns. 

 

One of the key additional elements is the 

incorporation of a timer that activates upon 

completing the level, allowing users to measure 

their completion time and providing a useful tool 

for self-assessment or friendly competition 

among participants. 

 

 

 The visual aspects of the environment 

were also updated, featuring improved lighting 

for better visibility, enhanced environmental 

details, and a more organized space layout, 

resulting in a more realistic and professional 

atmosphere. 

 

Box 8 

 

 
 Figure 8 

View of Level 1. Source: Forklift – Desktop 

Version 
 Source: Own 

 

Level 2. 

 

The second level presents a significant increase 

in difficulty, requiring the user to demonstrate 

greater mastery of forklift operation. In this 

stage, the main task consists of transporting a 

load from an origin point to a destination while 

precisely following established procedures. 

 

Unlike the first level, which focuses on 

familiarization with basic controls, this scenario 

introduces more complex technical challenges, 

such as maneuvering in confined spaces, 

additional obstacles, and penalties for critical 

mistakes. If the user collides or drops the load 

outside the designated area, the level 

automatically restarts, encouraging a more 

cautious and focused approach. 

 

Additional visual elements were 

incorporated into the environment, including a 

more challenging pallet layout, less direct 

routes, and an atmosphere closer to a real 

industrial setting. Lighting and visual effects 

were also optimized to enhance the sense of 

depth and immersion. 

 

 This level is 

designed to develop advanced driving skills, 

real-time decision-making, and environmental 

awareness—essential competencies for safe and 

efficient performance in real-world operational 

contexts. 
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Box 9 

 

 
 Figure 9 

View of Level 2. Source: Forklift – Desktop 

Version 
 Source: Own 

 

Box 10 

 

 
 Figure 10 

. Level 2 Load-Control. Source: Forklift – 

Desktop Version 
 Source: Own 

 

In this case, a modification was made to 

the loads in Level 2 due to the presence of a bug. 

The issue was related to the “Get Current Level 

Name” node, which retrieves the name of the 

level currently loaded in the game. This value is 

then compared with the text string “Level2” 

using a comparison node [==]. 

 

Next, the result of this comparison is 

evaluated with a “Branch” node [conditional If], 

which determines whether the condition is true or 

false. If the condition is true [that is, if the loaded 

level is indeed “Level2”], a specific action is 

executed. In this case, the “Set” node is activated 

to assign the value 1 to the variable “load 

number.” 

 

If the comparison is false [meaning the 

current level is not “Level2”], no action is taken. 

This logic ensures that the behavior associated 

with the Level 2 loads is only activated when 

that level is actually in use. 

 

 

 

 

Level 3 

 

The third level continues the increase in 

difficulty, as, similar to Level 2, the user must 

operate the forklift’s forks but now faces an 

additional challenge: loading three different 

types of objects onto each trailer. The overall 

objective is to complete the loading of three 

trailers, each with distinct combinations of 

objects, requiring a more strategic approach to 

organizing and handling the loads efficiently. 

 

This level tests the user’s ability to 

distinguish between different types of objects, 

adapting forklift operations to handle loads of 

varying sizes and shapes. Additionally, the 

objects must be placed in an orderly and secure 

manner, adding another layer of difficulty 

compared to previous levels. 

 

As in the previous stages, the graphical 

environment was modified to make the 

experience more challenging. New obstacles, 

narrower routes, and a more complex object 

layout were introduced, forcing the user to make 

quick and precise decisions. This reinforces the 

need for detailed control and careful movement 

planning, which are essential for completing the 

level without errors. The setting was adjusted to 

more closely resemble a real industrial 

environment, with improved lighting, shadow 

effects, and object interactions, creating a more 

immersive and realistic atmosphere that 

demands greater focus from the user. 

 

Box 11 
 

 
 Figure 11 

View of Level 3. Source: Forklift – Desktop 

Version. 
 Source: Own 

 

Results 

 

The main components of the simulator were 

evaluated through a rigorous testing process, 

which included unit tests to ensure the stability 

and correct operation of each module. Aspects 

such as the main menu, instructional scenarios, 

developed levels, and the final screen displayed 

upon completing each level were considered. 
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Box 12 

 

 
 Figure 12 

Level 2 Load-Control  
 Source: Own 

 

First, unit tests were conducted on the 

main menu to ensure that each option—such as 

logging in, selecting levels, or accessing settings 

and tutorials—functioned independently and 

without interference. These tests confirmed that 

the interface is intuitive and that navigation 

between options occurs smoothly and without 

errors. 

 

Regarding the instructional scenarios, 

specific unit tests were applied to verify that 

messages and visual elements load correctly and 

in the intended order. The results demonstrated 

that the instructions effectively fulfill their 

educational purpose, being presented clearly and 

coherently with the simulated industrial 

environment. 

 

Similarly, unit tests were carried out on 

the simulator’s levels to verify the correct 

operation of the load-handling mechanics. It was 

confirmed that marked objects are properly 

identified and respond appropriately to user 

actions such as lifting, carrying, or placing, 

integrating physics that simulate the weight and 

balance of the loads. These tests helped detect 

and correct deviations in the game logic, 

ensuring a realistic and error-free user 

experience. 

 

Finally, in the closing scenario of each 

level, unit tests were implemented to confirm 

that the information displayed—such as score, 

errors made, and suggestions for improving the 

simulator’s quality—was accurately calculated 

and presented. Additionally, it was verified that 

the options to replay the level or proceed to the 

next one functioned properly, ensuring a smooth 

transition in the learning process. 

 

Overall, the application of unit tests to 

these critical elements not only reinforced the 

simulator’s  technical  performance  but  also 

ensured that the system’s pedagogical objectives 

were met.  

Thus, the technical validation process 

was complemented with unit testing that made it 

possible to offer a robust, efficient, and 

motivating training tool for users. 

 

En conjunto, la aplicación de pruebas 

unitarias a estos elementos críticos no solo 

reforzó el desempeño técnico del simulador, 

sino que también aseguró que se cumplieran los 

objetivos pedagógicos del sistema. Así, el 

proceso de validación técnica se complementó 

con ensayos unitarios que permitieron ofrecer 

una herramienta de capacitación robusta, eficaz 

y motivadora para los usuarios. 

 

Level 1 Tests 

 

Similarly, usability tests were conducted with 

several students from the institution. For this 

purpose, various aspects were evaluated, 

resulting in measurable factors such as 

completion time, tire collection, in-level errors, 

and overall user experience. 

 

Box 13 

 

 
 Figure 13 

Level 1 Tests 
 Source: Own 

 

In this level it was determined that all 

users who did not exceed 3 minutes, their user 

experience would be of high category, while 

those who did not exceed 6 minutes are of 

medium category, and the users who exceeded 

6 minutes are considered of low category. 

 

Box 14 

 

 
 Figure 14 

Time-Graph of Level 1  
Source: Own 
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Box 15 

 

 
 Figure 15 

Collected tires graph of level 1  
 Source: Own 

 

Box 16 

 

 
 Figure 16 

Graph of the errors made during level 1 
 Source: Own 

 

Box 17 

 

 
 Figure 17 

User experience graph of level 1.  
 Source: Own 

 

Level 2 Tests 

 

In this case, the same tests were carried out with 

the same objective as in the previous tests. 

 

 

 

 

 

Box 18 

 

 
 Figure 18 

Tests of level 2 
 Source: Own 

 

Box 19 

 

 
 Figure 19 

Time-Graph of level 2 
 Source: Own 

 

Box 20 

 

 
 Figure 20 

Graph of loads completed in level 2 
 Source: Own 

 

Box 21 

 

 
 Figure 21 

Graph of the errors made during level 2 
 Source: Own 
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Box 22 

 

 
 Figure 22 

User experience graph of level 2 
 Source: Own 

 

Level 3 Tests 

 

Finally, usability tests were carried out with 

several students from the institution, and some 

quantifiable aspects were evaluated, such as 

time, tire collection, errors within the level, and 

user experience. 

 

Box 23 

 

 
 Figure 23 

Tests of level 3 
 Source: Own 

 

For this test, graphs of the quantifiable 

ranges were created, for example, the time the 

user takes to complete the circuit with the loads, 

the completed loads, the errors made during the 

level, and their user experience. Those who 

took less than 11 minutes are considered users 

with high experience, while those who took 

more than 11 but less than 15 minutes are 

considered to have low experience. 

 

Box 24 

 

 
 Figure 24 

Time-Graph of level 3 
 Source: Own 

Box 25 

 

 
 Figure 25 

Graph of loads completed in level 3 
 Source: Own 

 

Box 26 

 

 
 Figure 26 

Graph of the errors made during level 3. 
 Source: Own 

 

Box 27 

 

 
 Figure 27 

User experience graph of level 3 
Source: Own 

 

Simulator Functional Tests 

 

Functionality tests were carried out, which were 

rated on a scale from 1 to 10: 

 

- Visual realism of the simulator 

- Ease of use of the simulator 

- Technical learning acquired by the user 

- Technical errors [such as bugs, 

controller disconnection, among 

others]. 
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In the case of these tests, each user had a 

time limit of 5 minutes to evaluate the simulator. 

Most users only reached halfway through level 2. 

 

The following table shows the metrics to 

be rated by users once they have tested the 

simulator. 

 

Box 28 

 

 
 Figure 28 

Table of functionality tests  
 Source: Own 

 

As can be seen in the table, the ratings 

given by the users who underwent the respective 

tests are shown, remembering that the scale is 

from 1 to 10, where: 

 

1 = Very poor 

10 = Excellent 

 

Visual Realism 

 

As the first graph, the results are analyzed to 

obtain the final rating for visual realism. 

 

Box 29 

 

 
 Figure 29 

Graph of the visual realism  
 Source: Own 

 

Where these values, when summed, 

give us a total of 29 points. 

 

 

 

 

 

 

 

Box 30 

 

 
 Figure 30 

Total points table of the first evaluated criteria  
 Source: Own 

 

Giving us a final average of 7.5 in visual realism 

 

Box 31 

 

 
 Figure 31 

Visual realism criteria average  
 Source: Own 

 

Ease of use 

 

The following graph analyzes the results of how 

users felt or how they performed in the ease of 

use of the simulator. 

 

Box 32 

 

 
 Figure 32 

Ease of use graph. 
Source: Own 

 

In the case of the “ease of use” criterion, 

the graph is analyzed, showing the results 

provided by the users. As in the first criterion, a 

total of 27 points was obtained. 
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Box 33 

 

 
 Figure 33 

Total points of the ease of use criteria 
 Source: Own 

 

This gives us an average of 7 in the ease of use 

of the portable simulator. 

 

Box 34 

 

 
 Figure 34 

Average of the criteria “ease of use”.  
Source: Own 

 

Technical Learning 

 

The following graph analyzes the results of how 

much users learned within the simulator. 

 

Box 35 

 

 
 Figure 35 

Graph of the technical learning  
 Source: Own 

 

In the “Technical Learning” criterion, 

what was evaluated is how much the user 

learned to operate the forklift simulator, which 

supports their training for when performing the 

necessary tests on the real forklift. The graph 

analyzes the users’ ratings, giving us the 

necessary results to calculate the total and the 

average for this criterion. A total of 34 points 

was obtained in this criterion. 

Box 36 

 

 
 Figure 36 

Total points for the Technical Learning 

criteria  
Source: Own 

 

The average for this criterion is 8.5, 

indicating that the simulator is efficient and 

meets the requirements established at the 

beginning of its development. 

 

Box 37 

 

 
 Figure 37 

Average for the Technical Learning criterion  
 Source: Own 

 

Technical Problems 

 

The following graph shows the ratings given for 

some technical problems, such as bugs, 

controller disconnections, headsets, or cases 

where the computer’s memory becomes 

overloaded while running the simulator. 

 

Box 38 

 

 
 Figure 38 

Graph of the technical problems  
 Source: Own 
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In the case of the “Technical Problems” 

criterion, the ratings given by the users sum up 

to a total of 29 points. 

 

Box 39 

 

 
 Figure 39 

Total points for the ease of use  
 Source: Own 

 

Calculating the average for this criterion 

gives us 7.5 

 

Box 40 

 

 
 Figure 40 

Average of the Ease of Use criterion  
Source: Own 

 

The simulator does not present major 

errors that prevent personnel training from 

being carried out. However, the average should 

be maximized to 10. To achieve this, it is clear 

that potential errors affecting the correct use of 

the simulator and the user’s technical learning 

must be identified. 

 

Averages 

 

As the final rating of the simulator, considering 

all that has been developed and based on the 

previously mentioned averages from the 

functional tests. 

 

Box 41 

 

 
 Figure 41 

Graph representing the averages obtained 
Source: Own 

Achieving an average of 7.5 

 

Box 42 

 

 
 Figure 42 

Final average 
Source: Own 

 

The interpretation of this value indicates 

that the simulator performs well, but it should be 

improved so that its performance in personnel 

training is excellent. It is therefore 

recommended to implement the appropriate 

safety measures, as in real training, such as 

checking forklift parameters [fuel level, tire 

condition, proper functioning of the forks, 

among others]. 

 

Conclusion 

 

In conclusion, the development of the forklift 

simulator has allowed the integration of user 

experience with the technical robustness of the 

tool. The implementation of an intuitive menu, 

coherent educational scenarios, and 

progressively challenging levels, along with 

improved environment and functionality, has 

contributed to creating an effective and realistic 

training environment. The incorporation of unit 

tests has been notable, ensuring the correct 

performance of each component and facilitating 

early error detection, allowing for quick and 

precise adjustments during development. 

 

The system not only positions itself as a 

safe and accessible alternative for operator 

training but also optimizes interaction with the 

simulator, improving key aspects such as 

precision in forklift operation, adaptability to 

different scenarios, and continuous evaluation of 

user performance. Overall, its development 

makes the simulator a comprehensive tool that 

meets the proposed pedagogical and technical 

objectives, establishing itself as an innovative 

solution in the field of industrial training. 
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Abstract  
  
This work presents the design and implementation of an intelligent 

irrigation system combining IoT, a mobile app, and a convolutional 

neural network [CNN] for real-time pest detection. The IoT system 

automates irrigation based on soil moisture and temperature, while the 

app enables remote monitoring, alerts, and control. The CNN, trained on 

labeled images of maize and tomato leaves affected by pests, classifies 

diseases accurately from photos taken via the app. The system achieved 

over 84% accuracy in pest detection. This scalable and accessible tool 

supports precision agriculture, helping small and medium producers 

manage resources sustainably and intervene early against pests using 

artificial intelligence. 

 
Objectives Methodology Contributions 
 

To develop an 

intelligent irrigation 

system that integrates 

IoT technologies, a 

mobile application, and 

a convolutional neural 

network [CNN] model 

for real-time pest 

detection, aiming to 

optimize resource use 

and improve precision 

agriculture. 

An IoT system was 

designed to automate 

irrigation based on 

environmental 

conditions such as soil 

moisture and 

temperature. A mobile 

app was developed to 

remotely monitor and 

control irrigation. 

Additionally, a CNN 

model was trained with 

labeled images of pest-

affected corn and 

tomato leaves to classify 

pests using photos taken 

from the app. 

The system achieved 

over 84% accuracy in 

pest detection and 

proved economically 

viable with a benefit–

cost ratio of 8.9. This 

solution is scalable and 

accessible, promoting 

sustainable resource use 

and enabling early pest 

detection through 

artificial intelligence in 

precision agriculture. 

Intelligent Irrigation, Pest Detection and Precision 

Agriculture. 

Resumen 

 
Este trabajo presenta un sistema de riego inteligente que integra IoT, 

una app móvil y un modelo CNN para la detección de plagas en 

tiempo real. El sistema automatiza el riego según la humedad y 

temperatura del suelo, y la app permite monitoreo, alertas y control 

remoto. El modelo CNN, entrenado con imágenes de hojas de maíz 

y tomate afectadas por plagas, realiza clasificaciones precisas 

mediante fotos tomadas desde la app. El sistema alcanzó más del 

84% de precisión en la detección. Esta solución escalable y 

accesible facilita la agricultura de precisión, promoviendo el uso 

sostenible de recursos y la detección temprana de plagas mediante 

inteligencia artificial. 
 

Objetivos Metodología Contribuciones 

 

Desarrollar un 

sistema de riego 

inteligente que 

integre tecnologías 

IoT, una aplicación 

móvil y un modelo de 

red neuronal 

convolucional [CNN] 

para la detección en 

tiempo real de plagas, 

con el fin de 

optimizar el uso de 

recursos y mejorar la 

agricultura de 

precisión. 

Se diseñó un sistema IoT 

que automatiza el riego 

basándose en condiciones 

ambientales como humedad 

y temperatura. Se desarrolló 

una aplicación móvil para 

monitorear y controlar el 

riego a distancia. Además, se 

entrenó un modelo CNN con 

imágenes etiquetadas de 

hojas de maíz y tomate 

afectadas por plagas para 

clasificar dichas plagas a 

partir de fotografías tomadas 

desde la aplicación.  

El sistema alcanzó una 

precisión superior al 

84% en la detección de 

plagas y demostró ser 

económicamente viable 

con una razón 

beneficio–costo de 8.9. 

Esta solución es 

escalable y accesible, 

promoviendo el uso 

sostenible de recursos y 

facilitando la detección 

temprana de plagas 

mediante inteligencia 

artificial en la 

agricultura de precisión. 

Riego Inteligente, Detección de Plagas y Agricultura 

de Precisión
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Introduction 

 

Agriculture is a sector of critical importance for 

food security, but it is increasingly challenged 

by issues such as climate variability, inefficient 

water usage, and the proliferation of pests. 

Traditional methods of irrigation and pest 

control often lack precision, leading to resource 

waste and yield loss. These problems are 

exacerbated in regions where technological 

access is limited, and agricultural practices 

remain largely manual. This research proposes a 

technological solution that integrates three 

cutting-edge components: [1] an IoT-based 

irrigation system for automated water 

management, [2] a mobile application for real-

time monitoring and control, and [3] an artificial 

intelligence system for pest detection using 

CNNs. Unlike isolated systems, this integrated 

approach offers a complete and scalable 

solution for small and medium agricultural 

producers. 
 

The added value of this proposal lies in 

its modularity, low maintenance, and real-time 

decision-making capability, achieved through 

wireless sensors and image-based AI. While 

previous solutions may address irrigation or pest 

detection individually, this project combines 

them in a unified, user-friendly ecosystem. 
 

The central hypothesis of this work is 

that the integration of IoT, mobile interfaces, 

and deep learning models can significantly 

improve the efficiency of irrigation and the early 

detection of pests, thus reducing operational 

costs and increasing agricultural productivity. 

 

This article is structured as follows: 

 

- The Methodology section details the 

design and implementation of the 

hardware, software, and AI models. 

- The Results section presents financial 

evaluations such as NPV and IRR. 

- Finally, the Conclusions highlight the 

system’s effectiveness, economic 

viability, and potential for future 

scalability. 

 

Methodology 

 

CNNs are a subfield of deep learning models 

widely used in image processing. Their 

architecture is inspired by the visual cortex of 

animals and enables the automatic extraction of 

relevant visual features from data without 

manual intervention [LeCun, Bengio, & Hinton, 

2015]. 

A CNN is composed of several key layers: 

 

- Convolutional layers: apply filters 

[kernels] to extract local spatial features 

such as edges, shapes, and textures. 

 

- Activation layers: such as the ReLU 

function, introduce non-linearity into the 

model, allowing it to learn complex 

patterns. 

 

- Pooling layers: reduce the 

dimensionality of the feature maps while 

preserving the most significant 

information, improving computational 

efficiency. 

 

- Fully connected layers: integrate the 

extracted features and perform class 

predictions. 

 

- Output layer [Softmax]: converts final 

outputs into probabilities corresponding 

to each class. 

 

In agricultural applications such as pest 

detection, CNNs are trained on labeled datasets 

of plant images to recognize patterns associated 

with disease or pest infestation. Their 

performance is significantly enhanced through 

techniques like transfer learning, data 

augmentation, and fine-tuning, allowing models 

to adapt efficiently to specific domains such as 

plant pathology [Kamilaris & Prenafeta-Boldú, 

2018]. 

 

Application in This Project 

 

In the current system, the CNN was 

implemented by training it on a labeled dataset 

composed of maize and tomato leaves affected 

by different types of pests. The following 

techniques were applied: 

 

Transfer learning using the 

MobileNetV2 model pretrained on the 

ImageNet dataset. 

 

Data augmentation through random 

rotations, zooming, and brightness/contrast 

adjustments. 

 

Fine-tuning by unfreezing and retraining 

the final layers of the model to specialize it for 

the agricultural context. 
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Thanks to this architecture, the trained 

model was successfully integrated into the 

mobile application and is capable of delivering 

real-time and highly accurate diagnoses, even 

under field conditions. 

 

Results 

 

Pest Detection Model 

 

The pest detection component is based on 

CNNs, which are a class of deep learning 

models specifically designed to analyze visual 

data. CNNs automatically learn spatial 

hierarchies of features from input images 

through a series of convolutional, pooling, and 

fully connected layers. This makes them highly 

effective for tasks such as object classification 

and detection in agricultural contexts [LeCun, 

Bengio, & Hinton, 2015]. 

 

In this project, a LabelImg dataset was 

prepared by categorizing pest images according 

to crop type and pest species. The images were 

pre-processed via resizing and normalization to 

ensure consistency in model input. Data 

augmentation techniques [such as flipping, 

rotation, and contrast adjustments] were applied 

to enhance model generalization and reduce 

overfitting. 

 

The model was built using Transfer 

Learning, employing a pretrained ResNet50 

network as the base. This allowed us to leverage 

feature representations learned on large-scale 

datasets such as ImageNet, then fine-tune the 

final layers for the specific agricultural pest 

classes. 

 

The resulting model was deployed as an 

API and integrated into the mobile app, enabling 

real-time pest recognition using either live 

camera input or static image uploads. 

IoT System 

 

The proposed hardware includes ESP32 

microcontrollers, relays, voltage regulators, 

power supply, and MDF enclosures. The system 

collects environmental variables such as 

temperature and humidity, and activates 

irrigation based on threshold logic. Each unit is 

designed for outdoor durability and client-

specific deployment. 

 

Mobile Application 

 

Developed using Ionic and Angular, the app is 

cross-platform.  

Its features include real-time 

visualization of sensor data, historical statistics, 

and irrigation control [manual or automatic]. It 

also interfaces with the pest detection system, 

either through the device camera or image 

uploads. A dedicated page displays pest 

detection history for user tracking. 

 

Prediction Model Development 

 

The predictive model for pest detection was 

developed using a CNN architecture. To 

implement and train the model, the following 

tools and libraries were used: 

•  

Python 3.10: Programming language 

used for all development. 

•  

TensorFlow 2.x: Deep learning 

framework for training and deploying the 

model. 

 

Keras API: High-level interface for 

defining and training neural networks. 

 

OpenCV: For image pre-processing and 

real-time image manipulation. 

 

Pandas and NumPy: For data handling 

and analysis. 

•  

• Matplotlib and Seaborn: For visualizing training 

metrics. 

•  

Google Colab: Cloud-based 

development environment with GPU 

acceleration [NVIDIA Tesla T4]. 

• LabelImg: Tool for manual image annotation 

when needed. 

 

Training Techniques Used 

 

To ensure efficient training and good model 

generalization, the following techniques were 

applied: 

 

Transfer Learning: A pre-trained base 

model [ImageNet weights] was used to leverage 

already learned visual features. 

 

Fine-Tuning: Some of the last 

convolutional layers of the base model were 

unfrozen and retrained to adapt the model to our 

specific dataset. 

 

Data Augmentation: The training set 

was artificially expanded with transformations 

such as: 
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1. Random horizontal flipping 

2. Rotation [±15°] 

3. Zoom [±20%] 

4. Brightness and contrast variations 

5. Early Stopping: Training was stopped 

early if validation accuracy did not 

improve after 5 consecutive epochs. 

6. Learning Rate Reduction: The learning 

rate was automatically reduced upon 

plateaus in validation loss. 

7. Loss Function: Categorical 

Crossentropy, suitable for multi-class 

classification. 

8. Optimizer: Adam, efficient for weight 

adjustments in deep architectures due to 

its adaptive learning rate. 

 

Dataset Summary 

 

The dataset consists of labeled images of 

affected crops, each associated with a 

corresponding pest class. The dataset structure 

includes the following classes: 

 

- "Maize leaf beetle" 

- "Maize fall armyworm" 

- "Maize grasshopper" 

- "Tomato leaf blight" 

- "Maize leaf spot" 

- "Tomato leaf curl" 

- "Tomato verticillium wilt" 

- "Maize streak virus" 

- "Maize leaf blight" 

- "Maize healthy" 

- "Tomato healthy" 

- "Tomato septoria leaf spot" 

 

Each folder represents a unique crop–

pest combination. The dataset was split into: 

 

- 80% for training 

- 20% for validation 

 

Neural Network Architecture 

 

MobileNetV2, pre-trained on ImageNet, was 

used as the base feature extractor. The 

classification head added on top of this base 

model consisted of: 

 

1. Input Layer: Size [224, 224, 3] [resized 

RGB image]. 

2. Pre-processing Layer: Pixel values 

normalized to [0, 1]. 

3. Base Model: MobileNetV2 [with 

ImageNet weights], configured as: 

a. include_top = False [excluding the 

original classification layer] 

b. trainable = True [enabled for fine-tuning] 

c. Output shape: [7, 7, 1280] 

4. Global Average Pooling 2D: Reduces the 

feature map to a vector [output shape: 1280]. 

5. Dropout Layer: Rate 0.3 [to reduce overfitting]. 

6. Dense Layer: 256 units, ReLU activation. 

7. Dropout Layer: Rate 0.3. 

8. Output Layer: Softmax activation with N units 

[number of pest classes] for multi-class 

classification. 

 

Training Configuration 

 

a. Batch Size: 32 

b. Maximum Epochs: 50 [with early 

stopping] 

c. Initial Learning Rate: 1e-4 

d. Training Time: Approximately 15 

minutes on a GPU [NVIDIA Tesla T4 via 

Colab] 

 

Evaluation Metrics 

 

After training, the model was evaluated using: 

 

a. Accuracy 

b. Precision, Recall, and F1-Score for each 

class 

c. Confusion matrix 

d. ROC curves [optional, for class-specific 

analysis] 

 

The model achieved over 84% accuracy 

on the test set, validating the effectiveness of the 

transfer learning and data augmentation 

techniques used. 

 

Conclusions 

 

The results achieved with the CNN model 

confirm its effectiveness as a tool for automatic 

pest detection in agricultural crops. The 

implemented architecture, based on 

MobileNetV2 and trained using transfer 

learning, reached an accuracy exceeding 84% in 

classifying images of leaves affected by various 

diseases—a noteworthy performance given the 

natural variability of field conditions. 

 

The use of data augmentation played a 

key role in enhancing the model’s 

generalization capabilities, allowing it to 

perform reliably under variations in lighting, 

orientation, and leaf morphology. Additionally, 

fine-tuning of the final layers allowed for 

efficient domain adaptation to the agricultural 

context without requiring large amounts of 

training data. 
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Future developments will focus on 

expanding the image dataset to include a 

broader variety of crops and pest species, 

thereby improving the model’s versatility. 

Furthermore, efforts will be directed toward 

optimizing model inference for real-time 

performance on low-power edge devices [e.g., 

embedded systems or smartphones without 

internet access]. Another line of work involves 

integrating explainable AI [XAI] techniques to 

enhance the interpretability of predictions, 

helping farmers understand why a specific 

diagnosis was given and reinforcing user trust in 

the system. 
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Abstract  

 
This work presents the development and validation of an AI-powered 

intelligent irrigation system, integrating IoT technologies, a cross-

platform mobile application, and machine learning models. The system 

collects real-time soil moisture and temperature data, combined with 

weather forecasts, to autonomously decide whether irrigation should be 

activated. Three classification algorithms [Decision Tree, Random 

Forest, and XGBoost] were implemented and evaluated under field 

conditions. The solution optimizes water usage, reduces human 

intervention, and improves operational efficiency. Its modular and 

scalable design allows adaptation to different crops and environments, 

with potential for future integration of computer vision for early pest 

detection. 
 

Objectives Methodology Contributions 
 

To develop and validate 

an intelligent 

agricultural irrigation 

system integrating IoT 

technologies, a cross-

platform mobile 

application, and 

artificial intelligence 

models to optimize 

water usage and 

improve operational 

efficiency in the 

agricultural sector. 

An IoT system was 

implemented using a 

microcontroller, soil 

moisture and ambient 

temperature sensors, 

connected to a weather 

API for real-time 

forecasts. Irrigation 

decision-making was 

carried out using three 

supervised 

classification 

algorithms [Decision 

Tree, Random Forest, 

and XGBoost], trained 

on historical 

environmental and 

climatic data.  

Implementation of an 

AI-based autonomous 

irrigation system 

achieving perfect 

metrics [1.00] in all 

evaluations. 

Integration of predictive 

climate analysis and 

real-time remote control 

through a mobile 

application. 

Modular and scalable 

design adaptable to 

different crops and 

agricultural 

environments. 

Technological 

foundation for future 

extensions, including 

early pest detection via 

computer vision. 

Intelligent irrigation, IoT, machine learning. 

 

Resumen 
 

Este trabajo presenta el desarrollo y validación de un sistema inteligente 

de riego agrícola basado en inteligencia artificial, integrando tecnologías 

IoT, una aplicación móvil multiplataforma y modelos de aprendizaje 

automático. El sistema recopila datos en tiempo real de humedad del 

suelo y temperatura, y los combina con pronósticos climáticos para 

decidir de forma autónoma si se debe activar el riego. Se implementaron 

y evaluaron tres algoritmos de clasificación [Decision Tree, Random 

Forest y XGBoost] en condiciones de campo. La solución permite 

optimizar el uso del agua, reducir la intervención humana y aumentar la 

eficiencia operativa. El diseño modular y escalable facilita su adaptación 

a diferentes cultivos y entornos, con potencial para futuras integraciones 

de visión por computadora para la detección temprana de plagas. 

 

Objetivos Metodología Contribuciones 

 

Desarrollar y 

validar un sistema 

inteligente de riego 

agrícola que 

integre tecnologías 

IoT, una aplicación 

móvil 

multiplataforma y 

modelos de 

inteligencia 

artificial para 

optimizar el uso del 

agua y mejorar la 

eficiencia 

operativa en el 

sector agrícola. 

Se implementó un 

sistema IoT con 

microcontrolador, 

sensores de humedad del 

suelo y temperatura 

ambiente, conectado a 

una API meteorológica 

para obtener pronósticos 

en tiempo real. La toma 

de decisiones de riego se 

realizó mediante tres 

algoritmos de 

clasificación 

supervisada [Decision 

Tree, Random Forest y 

XGBoost], entrenados 

con datos históricos 

ambientales y 

climáticos.  

Implementación de un 

sistema de riego autónomo 

con IA que alcanzó métricas 

perfectas [1.00] en todas las 

evaluaciones. 

Integración de análisis 

climático predictivo y 

control remoto en tiempo 

real mediante aplicación 

móvil. 

Diseño modular y escalable 

adaptable a diferentes 

cultivos y entornos 

agrícolas. 

Base tecnológica para 

futuras extensiones, 

incluyendo detección 

temprana de plagas mediante 

visión por computadora. 

Riego inteligente, IoT, aprendizaje automático
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Introduction 

 

The application of machine learning techniques 

in precision agriculture has seen significant 

growth in recent years, enabling more accurate 

and efficient decision-making for resource 

management. Among these techniques, tree-

based models such as Decision Trees, Random 

Forest, and Extreme Gradient Boosting 

[XGBoost] have proven highly effective due to 

their interpretability, flexibility, and strong 

predictive performance. 

 

Decision Trees, originally formalized by 

Breiman et al. [1984], provide a straightforward 

supervised learning method that hierarchically 

partitions data based on feature conditions, 

facilitating transparent decision rules. Despite 

their simplicity, single trees can suffer from 

overfitting, limiting their generalization 

capability. 

 

To overcome these limitations, 

ensemble methods like Random Forests 

[Breiman, 2001] combine multiple decision 

trees trained on randomized subsets of data and 

features, thereby improving robustness and 

accuracy through variance reduction. This 

method is less sensitive to noise and can better 

capture nonlinear relationships inherent in 

environmental datasets. 

 

More recently, gradient boosting 

algorithms such as XGBoost have gained 

prominence by sequentially building trees that 

focus on correcting previous errors, optimizing 

a differentiable loss function with regularization 

to prevent overfitting [Chen & Guestrin, 2016; 

Natekin & Knoll, 2013]. XGBoost’s efficiency 

and scalability make it well suited for complex 

agricultural applications requiring high 

prediction accuracy. 

 

In the context of irrigation water 

management, these machine learning 

approaches have been successfully applied to 

model soil moisture dynamics, forecast 

irrigation needs, and optimize water usage 

[Chen & Guestrin, 2016]. Hybrid models 

combining XGBoost with deep learning 

architectures have further enhanced forecasting 

precision under variable climatic conditions. 

 

This project leverages these advanced 

tree-based models, integrating real-time IoT 

sensor data and weather forecasts to develop an 

intelligent irrigation system.  

 

The goal is to provide autonomous, 

accurate, and adaptive irrigation 

recommendations that contribute to sustainable 

water management and increased agricultural 

productivity. 
 

Methodology 
 

1. Decision Tree [Breiman et al., 1984] 
 

A Decision Tree is a supervised machine 

learning model that represents decisions in a 

hierarchical structure of nodes and branches. 
 

Basic operation: 
 

- Each internal node evaluates a condition 

on a feature [e.g., “Soil Moisture ≤ 

40%”]. 

- Branches represent the possible 

outcomes of that condition. 

- Leaf nodes assign the final class label or 

prediction value. 
 

Construction: 
 

- A splitting criterion such as Gini 

impurity or entropy is used to choose the 

feature that best separates the data at 

each step. 

- The process is repeated recursively 

[recursive partitioning] until a stopping 

condition is met [maximum depth, 

minimum samples per node, etc.]. 

 

Advantages: 

 

- Easy to interpret and visualize. 

- Can handle both categorical and 

numerical data. 

- Low computational cost. 
 

Disadvantages: 
 

- Prone to overfitting if not properly 

pruned. 
 

2. Random Forest [Breiman, 2001] 
 

Random Forest is an ensemble learning method 

that builds upon Decision Trees by creating 

multiple trees and combining their results. 
 

Basic operation: 
 

- Trains multiple independent Decision 

Trees on random subsets of the data and 

features [bagging]. 

- Aggregates the predictions from all 

trees: 
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- For classification: majority voting. 

- For regression: average of predictions. 

 

Key improvements over a single Decision Tree: 

 

- Randomization reduces overfitting. 

- Improves prediction stability and 

accuracy. 

- Less sensitive to noise in the data. 

 

Relevant hyperparameters: 

 

- Number of trees [n_estimators]. 

- Maximum number of features per split. 

- Maximum depth of each tree. 

 

Application in this project: 

 

- Captures non-linear relationships 

between environmental variables [e.g., 

moisture, temperature] and irrigation 

needs with high robustness in real-field 

conditions. 

 

3. XGBoost [Chen & Guestrin, 2016] 

 

Extreme Gradient Boosting [XGBoost] is an 

optimized implementation of the Gradient 

Boosting algorithm for Decision Trees. 

Basic operation: 

 

- Builds trees sequentially, where each 

new tree focuses on correcting the errors 

of the previous ones. 

- Minimizes a loss function using both the 

gradient and the second derivative 

[Newton boosting]. 

- Includes L1 and L2 regularization to 

prevent overfitting. 

 

Differences compared to Random Forest: 

 

- Random Forest trains many independent 

trees in parallel. 

- XGBoost trains trees in sequence, with 

each one specialized on the residuals of 

the previous model. 

 

Advantages: 

 

- High performance and accuracy. 

- Efficient handling of missing values. 

- Optimized for modern hardware with 

parallel processing and memory 

efficiency. 

 

Application in this project: 

 

- Particularly effective in learning 

complex patterns between 

environmental variables and irrigation 

requirements, improving prediction 

accuracy under variable climatic and soil 

conditions. 

 

Results 

 

The implemented artificial intelligence models 

for automated irrigation decision-making, 

Decision Tree, Random Forest, and XGBoost 

were trained and validated using historical 

environmental data, including soil moisture, 

ambient temperature, and short-term rainfall 

forecasts. The objective was to predict whether 

irrigation should be activated under varying 

field conditions. 

 

Model Performance 

 

All three models demonstrated outstanding 

classification performance on the test dataset, 

achieving perfect scores across all evaluated 

metrics: 

 

Box 1 

Table 1 

Algorithm results 

Model Accuracy Precision Recall 
F1-

Score 

Decision 

Tree 
1.00 1.00 1.00 1.00 

Random 

Forest 
1.00 1.00 1.00 1.00 

XGBoost 1.00 1.00 1.00 1.00 

 

2. Interpretation of Results 

 

The perfect accuracy [1.00] indicates that the 

models classified all test cases correctly, 

without false positives or false negatives. 

 

Precision of 1.00 confirms that when a 

model predicts irrigation is required, the 

decision is always correct. 

 

Recall of 1.00 ensures that all actual 

irrigation needs were successfully identified, 

avoiding missed watering events. 

 

The F1-Score of 1.00 reflects a perfect 

balance between precision and recall, critical in 

agricultural scenarios where both over-

irrigation and under-irrigation can have 

significant impacts on crop yield. 
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3. System Integration and Validation 

 

The trained models were deployed within a 

cloud-based API, enabling real-time integration 

with the mobile application. 

 

Field validation was conducted using an 

IoT prototype consisting of an ESP32 

microcontroller, soil moisture and temperature 

sensors, and relay-controlled irrigation valves. 

 

During the validation period, the 

models’ recommendations aligned perfectly 

with optimal irrigation practices as determined 

by agronomic experts. 

 

4. Implications for Agricultural Management 

 

The use of these AI models enables fully 

autonomous irrigation control, reducing the 

need for constant human supervision. 

 

The high accuracy levels indicate that 

the system can be confidently scaled to different 

field conditions without immediate retraining. 

 

Integration with climate forecast APIs 

provides predictive capabilities, allowing 

irrigation to be postponed when rainfall is 

imminent, thus conserving water. 

 

Conclusions 

 

The integration of IoT, mobile application 

interfaces, and artificial intelligence models, 

Decision Tree, Random Forest, and XGBoost, 

has proven to be a highly effective approach for 

automated irrigation management in 

agricultural environments.  

 

Field validation demonstrated perfect 

classification metrics [Accuracy, Precision, 

Recall, and F1-Score of 1.00] in predicting 

irrigation requirements, ensuring both the 

prevention of water waste and the maintenance 

of optimal soil moisture conditions. 

 

The system’s architecture, combining 

real-time sensor data with climate forecasts, 

enables fully autonomous decision-making 

while preserving the option for manual control 

via a user-friendly mobile application. This dual 

capability increases operational flexibility and 

makes the solution accessible to small and 

medium-sized producers, even in rural areas 

with limited technological infrastructure. 

 

 

The results confirm that the proposed 

system is technically mature [TRL 6], 

economically viable, and easily adaptable to 

diverse crops and environmental conditions. Its 

modular design supports future enhancements, 

including the integration of computer vision for 

pest detection, expanded predictive analytics, 

and deployment on low-power embedded 

devices for offline operation. 

 

In conclusion, the developed AI-

powered irrigation system not only addresses 

critical challenges in water resource 

management but also sets a foundation for 

scalable precision agriculture solutions that 

promote sustainability, efficiency, and 

productivity in the agricultural sector. 

 

Declarations 

 

Conflict of interest 

 

The authors declare no interest conflict. They 

have no known competing financial interests or 

personal relationships that could have appeared 

to influence the article reported in this article. 

 

Author contribution 

 

Saucedo-Martínez, Alan Francisco: IoT system 

development model design, experimental 

design, data collection and implementation. 

 

Rodríguez-Contreras, Jorge Antonio: 

Validation, conceptualization, manuscript 

writing, implementation and testing, and 

technical review. 

 

Availability of data and materials 

 

Indicate the availability of the data obtained in 

this research. 

 

Funding 

 

This research did not receive external funding. 

It was supported by the Universidad 

Tecnológica de Calvillo as part of the 

institutional research activities of full-time 

professors. 

 

Acknowledgements 

 

This research did not receive external funding. 

It was supported by the Universidad 

Tecnológica de Calvillo as part of the 

institutional research activities of full-time 

professors. 



5 

Journal Computer Technology                                                                   9[21]1-5: e7921105 

Article 
 

 
 

ISSN: 2531-2197. 

RENIECYT: 1702902 
ECORFAN® All rights reserved. 

 

Saucedo-Martínez, Alan Francisco & Rodríguez-Contreras, Jorge 

Antonio. [2025].  Development of a smart irrigation system 

integrating IoT and Tree-Based Machine Learning Techniques. 

Journal Computer Technology. 9[21]1-5: e7921105. 

https://doi.org/10.35429/JCT.2025.9.21.7.1.5 

Abbreviations 

 

AI: Artificial Intelligence  

API: Application Programming Interface 

ESP32: Espressif Microcontroller. 

IoT: Internet of Things 

ML: Machine Learning 

 

References 

 

Antecedents 

 

Breiman, L., Friedman, J. H., Olshen, R. A., & 

Stone, C. J. [1984]. Classification and 

Regression Trees. Wadsworth International 

Group. 

 

Basics 

 

Breiman, L. [2001]. Random Forests. Machine 

Learning, 45[1], 5–32.  

 

Supports 

 

Chen, T., & Guestrin, C. [2016]. XGBoost: A 

Scalable Tree Boosting System. Proceedings of 

the 22nd ACM SIGKDD International 

Conference on Knowledge Discovery and Data 

Mining, 785–794. 

 

Natekin, A., & Knoll, A. [2013]. Gradient 

boosting machines, a tutorial. Frontiers in 

Neurorobotics, 7, 21.  

 

Afridi, W. A., Mukhopadhyay, S. C., & Mainali, 

B. [2025]. Machine Learning Enabled Smart 

Sensor Node for Evapotranspiration Prediction 

in Diverse Soil and Environmental Conditions. 

IEEE Sensors Journal. 

 

 

 

 

 

 

 

https://doi.org/10.1201/9781315139470
https://doi.org/10.1201/9781315139470
https://doi.org/10.1023/A:1010933404324
https://doi.org/10.1145/2939672.2939785
https://doi.org/10.1145/2939672.2939785
https://doi.org/10.3389/fnbot.2013.00021
https://doi.org/10.3389/fnbot.2013.00021
file:///C:/Users/HP/AppData/Local/Temp/3ad3a27f-f478-44da-8f90-7b8d43c62ed3_RETORNO%20DE%20PREPRINT-24-12-2025.zip.ed3/RETORNO%20DE%20PREPRINT-24-12-2025/CIER-120/10.1109/JSEN.2025.3566935
file:///C:/Users/HP/AppData/Local/Temp/3ad3a27f-f478-44da-8f90-7b8d43c62ed3_RETORNO%20DE%20PREPRINT-24-12-2025.zip.ed3/RETORNO%20DE%20PREPRINT-24-12-2025/CIER-120/10.1109/JSEN.2025.3566935
file:///C:/Users/HP/AppData/Local/Temp/3ad3a27f-f478-44da-8f90-7b8d43c62ed3_RETORNO%20DE%20PREPRINT-24-12-2025.zip.ed3/RETORNO%20DE%20PREPRINT-24-12-2025/CIER-120/10.1109/JSEN.2025.3566935


Instructions for Scientific, Technological and Innovation Publication 

           

 

[[Title in TNRoman and Bold No. 14 in English and Spanish] 
 

Surname, Name 1st Author*a, Surname, Name 1st Co-authorb, Surname, Name 2nd Co-authorc and 

Surname, Name 3rd Co-authord [No.12 TNRoman] 
 
a  Affiliation institution,  Researcher ID,  ORC ID, SNI-SECIHTI ID or CVU PNPC [No.10 TNRoman] 
b  Affiliation institution,  Researcher ID,  ORC ID, SNI-SECIHTI ID or CVU PNPC [No.10 TNRoman] 
c  Affiliation institution,  Researcher ID,  ORC ID, SNI-SECIHTI ID or CVU PNPC [No.10 TNRoman] 
d  Affiliation institution,  Researcher ID,  ORC ID, SNI-SECIHTI ID or CVU PNPC [No.10 TNRoman] 

 

All ROR-Clarivate-ORCID and SECIHTI profiles must be hyperlinked to your website. 

Prot-   University of South Australia •  7038-2013•  0000-0001-6442-4409 •  416112 

 

SECIHTI classification:  
https://marvid.org/research_areas.php      [No.10 TNRoman] 

Area: 

Field: 

Discipline: 

Subdiscipline: 

DOI: https://doi.org/ 
Article History: 

Received: [Use Only ECORFAN] 

Accepted: [Use Only ECORFAN] 

Contact e-mail address: 

*  [example@example.org]

Abstract [In English]                   

Must contain up to 150 words 
Graphical abstract [In English] 

 

 
 
Authors must provide an original image that clearly represents 
the article described in the article. Graphical abstracts should be 
submitted as a separate file. Please note that, as well as each 
article must be unique. File type: the file types are MS Office 
files.No additional text, outline or synopsis should be included. 

Any text or captions must be part of the image file. Do not use 
unnecessary white space or a "graphic abstract" header within the 
image file. 

 

Keywords [In English] 

Indicate 3 keywords in TNRoman and Bold No. 10 

Abstract [In Spanish]  

Must contain up to 150 words 
Graphical abstract [In Spanish] 

 

 
 
Authors must provide an original image that clearly represents 
the article described in the article. Graphical abstracts should be 
submitted as a separate file. Please note that, as well as each 
article must be unique. File type: the file types are MS Office 
files.No additional text, outline or synopsis should be included. 

Any text or captions must be part of the image file. Do not use 
unnecessary white space or a "graphic abstract" header within the 
image file. 

 

Keywords [In Spanish] 

Indicate 3 keywords in TNRoman and Bold No. 10

 
Citation: Surname, Name 1st Author, Surname, Name 1st Co-author, Surname, Name 2nd Co-author and Surname, Name 3rd 

Co-author. Article Title. Journal of Computer Technology. Year. V-N: Pages [TN Roman No.10]. 
 

 
 
 
 
 
 
 

 
 
 

 

ISSN 2531-2197/ © 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its 

Holding Spain on behalf of Journal X. This is an open access article under the CC BY-NC-

ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/] 

 

Peer Review under the responsibility of the Scientific Committee MARVID
®

- in contribution 

to the scientific, technological and innovation Peer Review Process by training Human 

Resources for the continuity in the Critical Analysis of International Research.  

https://ror.org/registry/
https://clarivate.com/products/scientific-and-academic-research/research-discovery-and-workflow-solutions/researcher-profiles/
https://orcid.org/register
https://miic.conacyt.mx/generador-view-angular/index.html?application=CVU#/seleccionaTipoCuenta
https://ror.org/01p93h210
https://www.webofscience.com/wos/author/record/1125517
https://orcid.org/0000-0001-6442-4409
https://marvid.org/research_areas.php
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/


Instructions for Scientific, Technological and Innovation Publication 

           

 
 
 

ISSN 2523-2479 
ECORFAN® All rights reserved 

Surname (IN UPPERCASE], Name 1st Author, Surname (IN 

UPPERCASE], Name 1st Co-author, Surname (IN UPPERCASE], Name 

2nd Co-author and Surname (IN UPPERCASE], Name 3rd Co-author. 

Paper Title. Journal of Critical Pedagogy. Year [Times New Roman No. 

8] 

Introduction 

 

Text in TNRoman No.12, single space. 

 

General explanation of the subject and explain 

why it is important. 

 

What is your added value with respect to other 

techniques? 

 

Clearly focus each of its features. 

 

Clearly explain the problem to be solved and the 

central hypothesis. 

 

Explanation of sections Article. 

 

Development of headings and subheadings of 

the article with subsequent numbers 

 

[Title No.12 in TNRoman, single spaced and 

bold] 

 

Products in development No.12 TNRoman, 

single spaced. 

 

Including figures and tables-Editable 

 

In the article content any table and figure should 

be editable formats that can change size, type 

and number of letter, for the purposes of edition, 

these must be high quality, not pixelated and 

should be noticeable even reducing image scale. 

 

[Indicating the title at the bottom with No.10 and 

Times New Roman Bold] 

 

Box 
 

 
 

Figure 1 

Title [Should not be images-everything must be 

editable] 

      Source [in italic] 

 

 

 

 

Box 
Table 1 

Title [Should not be images-everything must be 

editable] 

 

    

    

    

    

    

 

  Source [in italic] 

 

The maximum number of Boxes is 10 items 

 

For the use of equations, noted as follows: 

 

Yij = α +  ∑ βhXhij
r
h=1 + uj + eij                      [1] 

 

Must be editable and number aligned on the right 

side. 

 

Methodology 

 

Develop give the meaning of the variables in 

linear writing and important is the comparison of 

the used criteria. 

 

Results 

 

The results shall be by section of the article. 

 

Conclusions 

 

Clearly explain the results and possibilities of 

improvement. 

 

Annexes 

 

Tables and adequate sources. 

The international standard is 7 pages 

minimum and 14 pages maximum. 

Declarations 

 

Conflict of interest 

 

The authors declare no interest conflict. They 

have no known competing financial interests or 

personal relationships that could have appeared 

to influence the article reported in this article. 

 

 

 

 

 



Instructions for Scientific, Technological and Innovation Publication 

           

 
 
 

ISSN 2523-2479 
ECORFAN® All rights reserved 

Surname (IN UPPERCASE], Name 1st Author, Surname (IN 

UPPERCASE], Name 1st Co-author, Surname (IN UPPERCASE], Name 

2nd Co-author and Surname (IN UPPERCASE], Name 3rd Co-author. 

Paper Title. Journal of Critical Pedagogy. Year [Times New Roman No. 

8] 

Author contribution 

 

Specify the contribution of each researcher in 

each of the points developed in this research. 

 

Prot-  

Benoit-Pauleter, Gerard: Contributed to the 

project idea, research method and technique. 

 

Availability of data and materials 
 
Indicate the availability of the data obtained in 

this research. 
Funding 

 

Indicate if the research received some financing. 

 

Acknowledgements 

 

Indicate if they were financed by any institution, 

University or company. 

 

Abbreviations 

 

List abbreviations in alphabetical order. 

 

Prot- 
ANN Artificial Neural Network 

 

References 

 

Use APA system. Should not be numbered, nor 

with bullets, however if necessary numbering 

will be because reference or mention is made 

somewhere in the Article.  

 

Use the Roman alphabet, all references you have 

used should be in Roman alphabet, even if you 

have cited an article, book in any of the official 

languages of the United Nations [English, 

French, German, Chinese, Russian, Portuguese, 

Italian, Spanish, Arabic], you should write the 

reference in Roman alphabet and not in any of 

the official languages. 

 

Citations are classified the following categories: 

 

Antecedents. The citation is due to previously 

published research and orients the citing 

document within a particular scholarly area. 

 

Basics. The citation is intended to report data 

sets, methods, concepts and ideas on which the 

authors of the citing document base their work. 

 

 

 

Supports. The citing article reports similar 

results. It may also refer to similarities in 

methodology or, in some cases, to the 

reproduction of results. 

 

Differences. The citing document reports by 

means of a citation that it has obtained different 

results to those obtained in the cited document. 

This may also refer to differences in 

methodology or differences in sample sizes that 

affect the results. 

 

Discussions. The citing article cites another 

study because it is providing a more detailed 

discussion of the subject matter. 

 

The URL of the resource is activated in the DOI 

or in the title of the resource. 

 

Prot- 

Mandelbrot, B. B. [2020]. Negative dimensions 

and Hölders, multifractals and their Hölder 

spectra, and the role of lateral preasymptotics in 

science. Journal of Fourier Analysis and 

Applications Special. 409-432.  

 

 

Intellectual Property Requirements for 

editing: 

 

- Authentic Signature in Color of 

Originality Format Author and Coauthors. 

 

- Authentic Signature in Color of the 

Acceptance Format of Author and 

Coauthors. 

 

- Authentic Signature in blue color of the 

Conflict of Interest Format of Author and 

Co-authors. 

 

https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
https://doi.org/10.1201/9780429332838
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
https://www.ecorfan.org/servicios/Formato%20de%20Conflicto%20de%20intereses,%20Cesi%C3%B3n%20de%20derechos%20y%20distribuci%C3%B3n_I.pdf


 

 
 

Reservation to Editorial Policy 

 

Journal Computer Technology reserves the right to make editorial changes required to adapt the Articles 

to the Editorial Policy of the Journal. Once the Article is accepted in its final version, the Journal will 

send the author the proofs for review. ECORFAN® will only accept the correction of errata and errors 

or omissions arising from the editing process of the Journal, reserving in full the copyrights and content 

dissemination. No deletions, substitutions or additions that alter the formation of the Article will be 

accepted. 

 

Code of Ethics - Good Practices and Declaration of Solution to Editorial Conflicts 

 

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining 

of data and interpretation of results, Acknowledgments, Conflict of interests, Assignment of rights 

and Distribution. 

 

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be 

original, unpublished and of Scientific, Technological and Innovation content to be submitted for 

evaluation. 

 

The Authors signing the Article must be the same that have contributed to its conception, realization and 

development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The 

Corresponding Author of the proposed Article will request the form that follows. 

 

Article title: 

 

– The sending of an Article to Journal Computer Technology emanates the commitment of the 

author not to submit it simultaneously to the consideration of other series publications for it must 

complement the Format of Originality for its Article, unless it is rejected by the Arbitration 

Committee, it may be withdrawn. 

 

– None of the data presented in this article has been plagiarized or invented. The original data are 

clearly distinguished from those already published. And it is known of the test in PLAGSCAN 

if a level of plagiarism is detected Positive will not proceed to arbitrate. 

 

– References are cited on which the information contained in the Article is based, as well as 

theories and data from other previously published Articles. 

 

– The authors sign the Format of Authorization for their Article to be disseminated by means that 

ECORFAN-Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion 

of its Article its Rights of Work. 

 

– Consent has been obtained from those who have contributed unpublished data obtained through 

verbal or written communication, and such communication and Authorship are adequately 

identified. 

 

– The Author and Co-Authors who sign this work have participated in its planning, design and 

execution, as well as in the interpretation of the results. They also critically reviewed the paper, 

approved its final version and agreed with its publication. 

 

– No signature responsible for the work has been omitted and the criteria of Scientific 

Authorization are satisfied. 

–  

The results of this Article have been interpreted objectively. Any results contrary to the point of 

view of those who sign are exposed and discussed in the Article. 

 

  



 

 
 

Copyright and Access 

 

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its 

Holding Spain for its Journal Computer Technology, which reserves the right to distribute on the Web 

the published version of the Article and the making available of the Article in This format supposes for 

its Authors the fulfilment of what is established in the Law of Science and Technology of the United 

Mexican States, regarding the obligation to allow access to the results of Scientific Research. 

 

Article Title: 

 

Name and Surnames of the Contact Author and the Coauthors Signature 

1.  

2.  

3.  

4.  

 

Principles of Ethics and Declaration of Solution to Editorial Conflicts 

 

Editor Responsibilities 

 

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose 

to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any time. 

 

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process 

in which the text is sent, as well as the resolutions of Double-Blind Review. 

 

The Editor should evaluate manuscripts and their intellectual content without distinction of race, gender, 

sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the Authors. 

 

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about 

Articles submitted to anyone other than the corresponding Author. 

 

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review. 

 

Responsibilities of the Editorial Board 

 

The description of the peer review processes is made known by the Editorial Board in order that the 

Authors know what the evaluation criteria are and will always be willing to justify any controversy in 

the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the Authors 

for Violation to the Right of Scientific, Technological and Innovation Authorization. 

 

Responsibilities of the Arbitration Committee  

 

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the 

information that may be reason to reject the publication of the Articles. In addition, they must undertake 

to keep confidential information related to the Articles they evaluate. 

 

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or 

discussed with other experts, except with the permission of the Editor. 

 

The Arbitrators must be conducted objectively, any personal criticism of the Author is inappropriate. 

 

The Arbitrators must express their points of view with clarity and with valid arguments that contribute 

to the Scientific, Technological and Innovation of the Author. 

 

The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been 

notified to the Editor before submitting the Article for Double-Blind Review.  

 

 

 

 



 

 
 

Responsibilities of the Authors 

 

Authors must guarantee that their articles are the product of their original work and that the data has been 

obtained ethically. 

 

Authors must ensure that they have not been previously published or that they are not considered in 

another serial publication. 

 

Authors must strictly follow the rules for the publication of Defined Articles by the Editorial Board. 

 

The authors have requested that the text in all its forms be an unethical editorial behavior and is 

unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered 

for publication. 

 

Authors should cite publications that have been influential in the nature of the Article submitted to 

arbitration. 

 

Information services 

 

Indexation - Bases and Repositories 

 

LATINDEX [Scientific Journals of Latin America, Spain and Portugal] 

EBSCO [Research Database - EBSCO Industries]-V|LEX [Global Legal Intelligence Platform] 

REDIB [Ibero-American Network of Innovation and Scientific Knowledge- CSIC] 

RESEARCH GATE [Germany] 

GOOGLE SCHOLAR [Citation indices-Google] 

MENDELEY [Bibliographic References Manager] 

HISPANA [Information and Bibliographic Orientation-Spain]  

 

Publishing Services 

 

Citation and Index Identification H 

Management of Originality Format and Authorization 

Testing Article with PLAGSCAN 

Article Evaluation 

Certificate of Double-Blind Review 

Article Edition 

Web layout 

Indexing and Repository 

ArticleTranslation 

Article Publication 

Certificate of Article 

Service Billing 

 

Editorial Policy and Management 

 

38 Matacerquillas, CP-28411. Moralzarzal –Madrid-España. Phones: +52 1 55 6159 2296, +52 1 55 1260 

0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org 

 

  



 

 
 

ECORFAN® 

 

Chief Editor 

Jaliri-Castellon, María Carla Konradis. PhD 

 

Executive Director 

Ramos-Escamilla, María. PhD 

 

Editorial Director 

Peralta-Castro, Enrique. MsC 

 

Web Designer 

Escamilla-Bouchan, Imelda. PhD 

 

Web Diagrammer 

Luna-Soto, Vladimir. PhD 

 

Editorial Assistant 

Rosales-Borbor, Eleana. BsC 

 

Philologist 

Ramos-Arancibia, Alejandra. BsC 

 

Advertising & Sponsorship 

 

[ECORFAN® Spain], sponsorships@ecorfan.org 

 

Site Licences 

 

03-2010-032610094200-01-For printed material ,03-2010-031613323600-01-For Electronic 

material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the 

facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and 

Caribbean Indexation,20-281 HB9-For its indexation in Latin-American in Social Sciences and 

Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-

For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository 

in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in 

the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international 

registration of Congress and Colloquiums. financingprograms@ecorfan.org 

 

Management Offices 

 

38 Matacerquillas, CP-28411. Moralzarzal –Madrid-España. 
  



 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Journal Computer Technology 

“Electromobility: a new approach to Higher Education” 

Martínez-Bahena, Elizabeth & Escamilla-Regis, Daisy  

Tecnológico Nacional de México -Tecnológico de Estudios Superiores de Cuautitlán 

Izcall 

 

“Quality of public transportation service in Latin America” 

Juárez-Juárez, Yesenia Janeth, Pino-Herrera, Javier and Romero-Gracia, 

Carlos Alberto  

Universidad Veracruzana 

 

“Development of a graphical interface for simulating dynamic systems using octave 

for the creation of digital educational materials” 

González-Galindo, Edgar Alfredo, García-Pérez, Rafael Eduardo, Pérez-Díaz, 

Rubén and González-Ledesma, Alberto  

Universidad Nacional Autónoma de México 

 

“Development of online store systems under a quality practices framework as an 

integrative activity” 

Sánchez-Pérez, Carolina Rocío, Mora-Lumbreras, Marva Angélica, Sánchez-

Sánchez, Norma and Portilla-Flores, Alberto  

Universidad Autónoma de Tlaxcala 

 

“Desktop Version of Portable Forklift Simulator – DVPFS” 

Rodríguez-Miranda, Gregorio & Mendoza-Hernández, Guillermo 

Universidad Tecnológica de San Juan del Río 

 

“Intelligent irrigation system with mobile integration and pest detection via image 

classification” 

Saucedo-Martínez, Alan Francisco, Martínez-García, Jesús Emmanuel and 

Rodríguez-Contreras, Jorge Antonio 

Universidad Tecnológica de Calvillo 

 

“Development of a smart irrigation system integrating IoT and Tree-Based Machine 

Learning Techniques” 

Saucedo-Martínez, Alan Francisco & Rodríguez-Contreras, Jorge Antonio 

Universidad Tecnológica de Calvillo 

 

 

 


	Electromobility: a new approach to Higher Education
	Quality of public transportation service in Latin America
	Development of a graphical interface for simulating dynamic systems using octave for the creation of digital educational materials
	Development of online store systems under a quality practices framework as an integrative activity
	Desktop Version of Portable Forklift Simulator - DVPFS
	Intelligent irrigation system with mobile integration and pest detection via image classification
	Development of a smart irrigation system integrating IoT and Tree-Based Machine Learning Techniques

