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Preface 

 
The purpose of this volume is to present the most recent advance in selected areas of 

Computer Science, The works included in this volume were carefully selected by the 

editors on the basis of the blind reviewing process and the main criteria for selection 

were originality and technical quality. This issue of Research in Computing Science 

will be useful for researches and students working in the different areas of Computer 

Science, as well as, for all readers interested in enrich the knowledge of this 

document. 

In total, we received 55 papers that were submitted for evaluation; each submitted 

paper was reviewed by 2 independent members of the editorial board or additional 

reviewers and the acceptance rate is 60%. This volume contains revised version of 16 

accepted papers, divided into three sections corresponding to the areas: Databases & 

Software Technology, Robotics & Mechatronics and Simulation & Modeling. The 

others papers will be published in the volume number 63 of the journal Research in 

Computing Science. 

We would like express our gratitude to all people who help to elaborate this 

volume. First to the authors of the papers for the technical excellence of their works, 

that guarantees the quality of this publication. We also want to thanks the members of 

the editorial board for their hard work in evaluating and selecting the best’s papers out 

of many submissions that we received. We express sincerely our gratitude to the 

Sociedad Mexicana de Inteligencia Artificial (SMIA) for their collaboration in the 

elaboration of this publication. Also we want to give special recognition to the Centro 

de Investigación en Computación of the Instituto Politécnico Nacional (CIC-IPN) for 

the facilities given to achieve the success in the publication of this volume. The 

submission, reviewing, and selection process was supported for free by the EasyChair 

system, www.EasyChair.org. Also we want to give special recognition to ORACLE, 

for its participation as a sponsor.  

 

November 2013 

 

 

 

 

 

 

 

 

 

 

 

 

 

Evelia Araceli Santos Camacho 

Juan Carlos Chimal Eguía  

Luis Cabrera Rivera 

Erandi Castillo Montiel  



 



Table of Contents 

Índice 

 

Databases & software Technology  

 

MMIA Improvement and Services for Cloud Computing……………………………………….3 

Sandra Anízar, Chadwick Carreto 

Análisis Comparativo de Algoritmos de Minería de Datos para Predecir la Deserción Escolar.13 

Maricela Quintana López, Juan Carlos Trinidad Pérez, Saturnino Job Morales Escobar, 

Víctor M. Landassuri Moreno 

Web Page Generator: An Online Tool for Supporting Web Programming Courses…………...23 

Carlos R. Jaimez-González, Alfredo R. Vargas-Rodríguez 

Towards a Web Learning Environment for Supporting Object Oriented Programming Cours-

es…………………………………………………………………………………….………….33 

Carlos R. Jaimez-González, Wulfrano A. Luna-Ramírez  

An Epistemological approach for Learning Computer Programming Languages…………...…41 

Emilio Buendía Cervantes, Jesús Manuel Olivares Ceja 

Análisis de la influencia de las inteligencias múltiples en el desempeño académico aplicando 

técnicas de minería de datos…………………………………………………………………....51 

Maricela Quintana López, Jorge Eduardo Hernández Patlán 

Robotics and Mechatronics 

 

Data Fusion of the Quaternion and Non Linear Attitude Observer Applied to the Determination 

and Stabilization of a Mobile Robot……………………………………………………………63 

B. B. Salmeron Quiroz, J. F. Guerrero Castellanos, G. Villegas Medina, J. R.  Aguilar 

Sánchez, R. Villalobos Martínez, L. Castillo Bermúdez 

Arquitectura Digital Difusa Embebida en FPGA para Control de un péndulo invertido sobre un 

Carro..……………………………………………………………………………….…………..73 

Andres Flores, Elsa Rubio, Victor Ponce, Luis Luna 

Functional Equivalence between Fuzzy PID and Traditional 2DOF PID Controllers ...…........83 

P.  Jorge Escamilla Ambrosio, Raúl Acosta Bermejo 

Design of a Control and Acquisition System in an FPGA Platform for a Single Degree of Free-

dom of an Articulated Robot ViaWiFi………………………………………………….………93 

Javier Ruiseco Lopez, Sergio Vergara Limón, M. A.Vargas Treviño, Fernando Reyes 

Cortés, Amparo Palomino Merino, G. Humberto Bezares Colmenares 

 



Simulation & Modeling  

 

Modelado y Simulación Dinámica de los Efectos de los Tiempos de Demora en una Línea de 

Estampado Utilizando MATLAB……………………………………………………..…….105 

Lisaura Walkiria Rodríguez Alvarado, Eduardo Oliva López 

Surfaces of the Reconstruction Error of Gaussian Fields with Non stationary Regions…....115 

Daniel Rodríguez Saldaña, Vladimir Kazakov, Luis Alejandro Iturri Hinojosa 

Feature Extraction with Discrete Wavelet Transform and Mel Frequency Filters for Spoken 

Digit Recognition……………………………………………………………………………123 

Andrés Fleiz, Mauricio Martínez  

Modeling Chemical Reactions and Heat and Mass Transport in a Hydrating Cement Particle 

Using Comsol Multiphysics 3.5a …..………………………………………………………133 

Emilio Hernández Bautista, Sadoth Sandoval Torres, Prisciliano Felipe de Jesús Cano   

Barrita 

Detección de Estacionalidad en Series de Tiempo……………………………………….…145 

E. A. Santos Camacho, J. G. Figueroa Nazuno 

Voronoi Diagrams   a Survey……………………………………………………………….155 

Netz Romero, Ricardo Barrón  

 

 

 

 



Databases & Software  
Technology

 

 

 

 

 

 

 





MMIA Improvement and Services for Cloud 

Computing 

Sandra Anízar, Chadwick Carreto 

 Escuela Superior de Cómputo, Instituto Politécnico Nacional, México, D.F., 

sanizargon@hotmail.com, ccarretoa@ipn.mx 

 

Abstract. In this paper we present the results obtained from the implementation 

and improvement of the Management Model for Interconnection and Access 

(MMIA) Services for Cloud Computing, is a mechanism that enables 

connectivity services provided by a "Public Cloud" are most of the time 

available to users when they need it. 

 

Keywords: Mobile computing, cloud computing, communications, access, 

management and networking. 

1   Introduction 

The Cloud Computing is the convergence and evolution of several concepts related to 
information technologies, such as virtualization, mobile computing, distributed 
application design or network design and management and provision of applications, 
information and data as a service [1]. 

Thus Cloud Computing efficiently provides access to computer services, regardless 
of physical systems that use or its actual location, as long as it has access to the Internet 
[2], and can work together on the same content. 

But like all technology that is in its beginnings, Cloud Computing is not without 
controversy, although availability is an advantage, currently one of the strongest issues 
facing the growing development of Computer in Cloud is to ensure interconnection and 
access to services that this technology provides. 

This problem is compounded when you take into account that currently the vast 
majority of computer systems schemes migrate to Cloud Computing, so it is vital to 
ensure that these systems are interconnected to the network and Computer services in 
the Cloud as long as possible without interruption. 

The structure of this paper consists of eight sections, first discussed the current 
situation of Cloud Computing in terme s of concept, characteristics and advantages in 
the second section defines and presents the MMIA, later in the third section defining 
the architecture that has been developed for the MMIA, in the fourth section discusses 
the Installing a Public Cloud, followed MMIA Implementation, Testing and Results 
subsequently obtained, the final conclusions and finally some improvements and work 
future. 
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2   Management model for the interconnection and availability 

(Mmia) 

In Figure 1 shows the MMIA has been developed, which is equipped with a standard 
character, ie it can be implemented in different architectures of "Cloud", to allow 
optimization services availability, connectivity, recognition and link status monitoring 
and users. 

 

Fig. 1.  Management model for cloud computing. 

 

As can be seen the MMIA comprises five interconnected layers, these layers are: 

 Interconnect Layer. 

 Layer Validation and Identification. 

 Layer Information Management. 

 Monitoring Layer Connection. 

 Correction Layer Techniques. 
 

Through this MMIA has achieved an improvement in the management and delivery 
of applications and services that are within the Public Cloud Educational and that users 
can access and use these services at the time you request. 

3   Design and architecture MMIA 

In Figure 2 shows the architecture of the MMIA, which is very important because it 
defines as interacting all elements of the MMIA and how they are supported by some 
standards, standards, protocols, processes, rules etc.., in order to make it fully 
functional the MMIA designed. 
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Fig. 2.  MMIA architecture in cloud computing. 

 

Then, the architecture of the MMIA has the feature that the user receives immediate 
attention, as well as total mobility and also, the services offered are managed 
intelligently [3] depending on the profile with the person who access the "Cloud", will 
be the type of services to which you have access. 
     This architecture has allowed users to access their cloud services regardless 
interconnect various problems such as delays, and intermittent disconnections and 
several Wireless Technologies to interoperate with each other, so this is not an obstacle 
in communication, however for our case and for practical purposes has worked with 
computer Wi - Fi and IEEE 802.11g. 

4 MMIA implementation and installation of cloud public education 

Both the MMIA and a Computing Cloud Server is implemented within the Mobile 
Computing Lab School of Computing (ESCOM), since in this are the means and 
facilities necessary to develop them and to carry out any sufficient evidence to prove 
operation and functionality. 
     The software we use to install our Educational Public Cloud is ownCloud, which is 
based on PHP, SQLite, MySQL or PostgreSQL and can run on all platforms that meet 
these requirements, it is a free software solution developed that can be downloaded for 
free and install it on a Server itself and emerges as an alternative to providers of 
commercial cloud services, in the following table shows the most important features 
that we installed as Server Cloud. 
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Table 1. Cloud computing server properties. 

 

 
After installation of the OS on your computer, you must configure the network card 

to assign a public IP and fixed immediately proceed to install all necessary packages 
and then download and install the latest version of ownCloud from its official site . 

Once ready the Cloud Server, you can proceed to creating users, among the main 
advantages that the cloud offers us, is that we will have all the space that the server 
takes on the hard drive and everything staying in he will be only under our control and 
manage your security, your privacy and ensuring the confidentiality of the information. 

The MMIA implemented and is responsible for managing all Cloud Services within 
an educational environment and the concept of domain, in order to benefit those users 
(students, teachers, administrative staff, etc..) With mobile equipment are within the 
coverage area of the point of interconnection to the cloud, to learn more about Cloud 
Server installation and deployment and configuration of computers that make up the 
layers of MMIA reader is encouraged to consult some of the previous articles that have 
been published [4], [5]. 

5   Tests and results 

Thanks to ownCloud package by default in our Cloud Server offers all users the 
following services: information storage, share files with users and non-users, music 
playback, image galleries, calendar / address book, file viewer PDF and text editor. In 
addition to allowing the most common functions such as the Backup and File 
Synchronization between various devices and the use of the Cloud with WebDAV 
technology. 
     At its meeting, the administrator is responsible for providing each user with a name, 
password and enter them into a workgroup database Cloud Server, which would give 
them access to their meeting within the cloud and get their services; also assigned each 
user a certain quota of storage, which in our case is 10 GB of disk space per user, ie 
according to the size of 320 GB hard disk maximum capacity people in the laboratory 
that is 30 users. First connection was tested and storing information in the cloud with 
registered users to date via the Web from your Internet browser to the server in the 
cloud (see Figure 3 and Figure 4). 
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Fig. 3.  Access to the cloud from your web browser. 

. 

 
Fig. 4.  Session in the cloud via the web. 

 

Also through the file browser of a computer GNU / Linux or Ubuntu using 
WebDAV, as shown in Figure 5 and Figure 6, respectively. 

 

 
Fig. 5.  Connecting to the cloud using nautilus. 
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Fig. 6.  Session in the cloud as a network drive. 

 

In Figure 7 shows the GUI of an application for mobile devices with Android 
operating system that was developed, as well as performance tests conducted in order 
to provide users with a manager that allows access to your information within of the 
cloud in a much simpler, more flexible and dynamic. 

 
Fig. 7 Evidence of application for android. 

 

Finally for measurements concerning the traffic in the Cloud was used Wireshark 
Protocol Analyzer, which is also a free software that allows us to capture the packets 
transmitted and received directly from the wireless network interface of the Cloud. 

Using Wireshark Tool can also get valuable information Network Infrastructure (see 
Figure 8) where the cloud settled and Implement the MMIA, input shows the Host 
name, the domain to which it is associated, the Directorate IP, MAC Address, the 
bandwidth consumption, Manufacturer Name, Number of hops to the Domain, Uptime, 
etc. 
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Fig. 8.  Recognition cloud network with wireshark. 

 

Now, in Figure 9 are observed Traffic Statistics Packet Interface WLAN, by 
implementing the Software in the MMIA also been able to classify Packet Flows in 
traveling on the Cloud. 
 

 
Fig. 9.  Recognition of packet traffic in the cloud. 

 

In Figure 10, show that the Packet Traffic Statistics collected and studied over a month on 

the Cloud environment under study is minimal, the graph shows the average travel data ranging 

between 10 and 15 Kbps which is within an acceptable range with minimal packet loss. 
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Fig. 10.  Traffic Monitoring in the cloud with wireshark. 

 
Below in Figure 11 is a breakdown of the directions in which traffic flows either 

locally - local, local - remote remote - remote. 

 
Fig. 11.  Breakdown of traffic flow in the cloud. 

Another type of result has been obtained in the development of the research is the 
bandwidth monitoring in the cloud, which is consumed by the registered users to 
access the Cloud Server and make use of the services offered in this. 
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Fig. 12.  Bandwidth Monitoring in the cloud. 

 

The tests were conducted to see the bandwidth consumption by the Cloud with 
different numbers of people in the lab can be seen in Figure 12, observing that with 
groups of 5, 10 and 15 concurrent users was required bandwidth of 1.55 Mbps, 2.1 
Mbps and 3.2 Mbps respectively. However, these needs are fully covered by the 
interconnection point and IEEE 802.11g standard operates as it can handle a maximum 
bandwidth of up to 22Mbps. Consumption results Bandwidth Traffic coupled with us 
"guarantees" that communications have been performing well and that the traffic 
generated was only the essential, allowing you to have a higher occupancy of the 
Cloud. In Figure 13, we see the percentage of Success Connections, these tests 
involved that users came to the lab with his team, will connect to the cloud, will 
authenticate and receive appropriate services and make use of them, the result was one 
which 97.78% is considered acceptable for the functionality of the MMIA. 

As for the validation and identification layers and management information MMIA, 
the percentage of successful authentications was 100% as shown in Figure 14, while 
the results of the information management server within the Cloud can appreciate in 
Figure 15 and Figure 16.  Thus, the average unit tests consisted authentication and 
management of user information proved successful with a percentage of 98.33% as 
shown in Figure 17, which shows the reliability, speed and enhanced effectiveness. 

Finally after making the calculations was obtained that the Network Infrastructure 
Public Cloud environment where services are offered filed a 99.97% availability as 
shown in Figure 18, this indicates an efficient operation MMIA elements that 
implement and excellent availability of the Services within the Cloud. 

 

 

Fig. 13.  Testing connection to the cloud. 

 

Fig. 14.  Test authentication to the 

cloud. 
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Fig. 15.  Testing local management. 

 
Fig. 16.  Tests run in the cloud. 

  

Fig. 17.  Result of unit tests. 

  
Fig. 18.  Percentage of availability of 

MMIA. 

6   Conclusions 

The results obtained in this study have proved satisfactory, since it is able to develop 
and evaluate a MMIA in Cloud Computing for users of a Public Cloud environment 
could have optimal access to services and applications that this offers. It concludes that 
the proposed methodology is effective for measuring the availability of the applications 
according to the results obtained, and the inclusion of Traffic Analysis and Bandwidth 
consumption as a support tool for as long as the Cloud Server is responsible for 
responding to requests, process them and provide services to users. 
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Análisis Comparativo de Algoritmos de Minería de Datos 

para Predecir la Deserción Escolar 

Maricela Quintana López, Juan Carlos Trinidad Pérez, Saturnino Job Morales Esco-

bar, Víctor M. Landassuri Moreno 

Centro Universitario UAEM Valle de México 

{mquintanal, sjmoralese, vlandassurim}@uaemex.mx, 

jtrinidadp359@alumno.uaemex.mx 

Resumen. Un tutor académico, debe dar seguimiento personalizado al alumno 

para evitar que deserte por cuestiones académicas, por ejemplo, materias que se 

le dificulten. Sin embargo, la información del seguimiento es bastante, por lo 

que debe procesarse para extraer patrones que permitan tomar decisiones opor-

tunamente. Este artículo presenta la comparación de algoritmos de clasificación 

para la predicción de la deserción escolar del Centro Universitario UAEM Valle 

de México en la carrera de Ingeniería en Sistemas y Comunicaciones. El objeti-

vo fue determinar el mejor algoritmo basándose en la precisión de la clasifica-

ción, así como en la utilidad en la información provista al tutor. De los experi-

mentos concluimos que los mejores algoritmos son Naïve Bayes Tree, que tiene 

el menor error, y J48 que provee información útil para el tutor al indicar las ma-

terias que debe cuidar, permitiéndole crear estrategias que apoyen el desempeño 

académico del alumno en las mismas. 

Palabras clave: Minería de datos,  clasificación, árboles de decisión, naïve ba-

yes. 

1 Introducción 

La deserción escolar en las instituciones de nivel superior, es un problema que ac-

tualmente las autoridades administrativas enfrentan. Diversos estudios realizados 

llegan a la conclusión de que el problema existe tanto a nivel local como a nivel glo-

bal y este continuará si no se atiende de manera adecuada. 

Para cada país o estado existen estadísticas que describen el nivel de deserción es-

tudiantil en educación superior, permitiéndonos detectar la situación que se vive para 

cada una de las carreras profesionales de las instituciones públicas y privadas [18-20]. 

Sin embargo, es posible utilizar las tecnologías de la información para detectar situa-

ciones de riesgo que pueden llevar a un alumno a abandonar sus estudios. Ésta fue la 

motivación principal por la cual en la Universidad Autónoma del Estado de México, 

se diseñó el sistema SITA (Sistema Inteligente para la Tutoría Académica), que per-

mite a los tutores académicos monitorear el desempeño académico y consultar infor-

mación socioeconómica del alumno [16-17]. 
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A pesar de este gran apoyo, determinar si un alumno desertará o no, requiere de un 

análisis particular para cada trayectoria y situación, labor que debe realizar el tutor. 

Por ello, en este trabajo nos enfocamos en generar un modelo clasificador cuyo nivel 

de fiabilidad y precisión sea aceptable para determinar la posibilidad de que un alum-

no interrumpa sus estudios. Con la gran ventaja de que la aplicación del modelo sea 

realizada de manera automática. 

Para realizar este trabajo, se tomará como base las calificaciones obtenidas por 193 

alumnos de la carrera de Ingeniería en Sistemas y Comunicaciones durante el primer 

año de estudios, específicamente de las generaciones 2008 (71 alumnos), 2009 (63 

alumnos)  y 2010 (59 alumnos).  

En la figura 1, se muestran las diferentes fases de la metodología utilizada en este 

trabajo, la cual está basada en el modelo KDD (Knowledge Discovery in Databases) 

[9,11]. 

 

Fig. 1. Fases del proceso KDD 

Con esto en mente, en la sección 2 se mostrará la preparación de los datos, seguida 

de la sección 3 en donde se presentarán las técnicas de minería de datos empleadas en 

esta investigación. Posteriormente, en la sección 4 se mostrarán los experimentos y 

resultados obtenidos. Finalmente, en las secciones 5 y 6 se presentarán las conclusio-

nes y trabajo futuro respectivamente.  

2 Preparación de los datos 

En este trabajo, se utilizaron las trayectorias académicas de todos los alumnos de la 

carrera de Ingeniería en Sistemas y Comunicaciones, de las generaciones 2008, 2009 

y 2010. La información obtenida de las bases de datos de control escolar fue filtrada 

para utilizar únicamente las calificaciones de las unidades de aprendizaje del primer 

año de estudios que cursaron los 193 alumnos. En la tabla 1, se muestran los atributos 

y los posibles valores numéricos y nominales de los mismos. El atributo Número de 

Cuenta se utiliza únicamente para identificar los registros más no para generar los 

patrones, mientras que el atributo desertó es la clase a aprender.  

Es necesario aclarar que las calificaciones consideradas son únicamente las prime-

ras que obtuvo el alumno en las unidades de aprendizaje, no consideramos las notas 

obtenidas en evaluaciones extraordinarias. También, fueron eliminados de la muestra 
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los registros de alumnos que únicamente cursaron el primer semestre, ya que el traba-

jo considera lo que ocurre en el primer año. 

Tabla 1. Datos utilizados con su respectivo tipo de variable 

Atributos Valores Numéricos Valores Nominales 

Número de Cuenta Matrícula institucional Matrícula institucional 

Introducción a la Computación 

0-100 

 

A: Aprobado 

R: Reprobado 
NP: No Presentó 

Álgebra y Geometría Analítica  

Administración 

Estática y Dinámica 

Introducción a la Ingeniería 

Técnicas de Comunicación 

Álgebra Lineal 

Calculo Diferencial e Integral 

Fundamentos de Programación 

Arquitectura de computadores 

Química 

Desertó si, no si, no 

 

Debido a la naturaleza de los algoritmos a aplicar, se transformaron los datos para 

tenerlos de forma numérica y de forma nominal. Para la versión numérica, las califi-

caciones NP fueron transformadas a cero. En la tabla 2, se muestra un fragmento de 

cómo quedaron los datos. 

Tabla 2. Muestra de datos a considerar en el análisis con datos numéricos 

 Primer Semestre  Segundo Semestre Clase 

Cuenta 

Introduc-

ción a la 

Computa-

ción 

Técnicas 

de Comu-

nicación 

Admi-

nistra-

ción 

 

Álgebra 

Lineal 

Quí-

mica 

Arquitectura 

de Computa-

dores 

Desertó 

449905 65 47 32  70 81 48 Si 

540214 92 100 70 … 92 82 88 No 

726037 92 71 100  83 87 90 No 

823719 68 100 70  71 67 60 No 

823753 73 90 70  60 87 82 Si 

 

Para la versión nominal, las calificaciones mayores o iguales a 60 tienen un valor 

de A (aprobado), las menores a 60, tienen un valor de R (reprobado) y las evaluacio-

nes no presentadas tienen un valor de NP. En la tabla 3, se muestra un conjunto de 

datos con la transformación mencionada.  
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Tabla 3. Muestra de datos a considerar en el análisis con datos nominales 

 Primer Semestre  Segundo Semestre Clase 

Cuenta 

Intro-

ducción 

a la 

Compu-

tación 

Técnicas de 

Comunica-

ción 

Administra-

ción 

 

Álge-

bra 

Lineal 

Quí-

mica 

Arquitectu-

ra de Com-

putadores 

De-

sertó 

449905 A R R  A A R Si 

540214 A A A … A A A No 

726037 A A A  A A A No 

823719 A A A  A A A No 

823753 A A A  A A A Si 

3 Minería de datos 

Existen varios trabajos desarrollados para predecir el desempeño académico de un 

alumno empleando técnicas de minería de datos. Entre las técnicas más utilizadas 

están los árboles de decisión y las técnicas bayesianas [1-8]. 

Un árbol de decisión es un conjunto de condiciones organizadas de forma jerárqui-

ca para clasificar una serie de atributos y predecir el valor de la clase. Los árboles 

están formados por nodos y ramas donde cada nodo representa una condición sobre 

algún atributo y cada rama corresponde a un posible valor para ese atributo. Pueden 

manejar valores de tipo nominal y/o de tipo numérico [10, 12]. Los algoritmos de 

árboles de decisión más utilizados son ID3, C4.5 (J48) y Naïve Bayes Tree [1-8]. 

Cabe aclarar que el ID3 no trabaja con datos numéricos, únicamente con categóricos. 

Por otra parte, los algoritmos Naïve Bayes son un grupo de clasificadores estadísti-

cos que al ser aplicados a una instancia nueva, dan como resultado la probabilidades 

de que dicha instancia pertenezca a una clase determinada [11, 13]. Algunos de los 

trabajos realizados utilizan principalmente el algoritmo de Naïve Bayes y las redes 

Bayesianas [2, 3, 10, 15]. Los algoritmos basados en Bayes funcionan de manera 

correcta con datos del tipo nominal y/o numérico y son independientes.   

Los árboles de decisión y los algoritmos Bayesianos han demostrado tener un alto 

índice de precisión cuando de predicción se trata, de hecho han sido incluidos dentro 

de los diez mejores algoritmos de minería de Datos [14]. Por ello en este trabajo se 

realiza un análisis comparativo entre algoritmos de árboles de decisión y Bayesianos, 

particularmente, ID3 (solo para valores nominales), J48 (C4.5), Naïve Bayes Tree, 

Naïve Bayes, y redes Bayesianas, los cuales se encuentran disponibles en el software 

WEKA de la universidad de Waikato, de Nueva Zelanda [21]. 

4 Experimentos y resultados obtenidos 

Las pruebas se realizaron en dos grandes bloques: uno para los datos de tipo nominal 

y otro para los datos de tipo numérico. En ambos casos, se aplicaron los algoritmos 

elegidos para conducir 3 experimentos que varían en cuanto a los datos empleados en 

los mismos y que se explican a continuación. Todos los modelos fueron evaluados 
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utilizando la validación cruzada de 10 pliegues, la cual divide el conjunto de datos en 

diez partes y utiliza nueve partes para entrenamiento y una para prueba. El proceso es 

repetido diez veces [10-11]. 

En el primer experimento realizado se aplicaron los algoritmos elegidos a los datos 

de cada generación por separado para construir su modelo. Las tablas 4 y 5 muestran 

los resultados obtenidos por cada algoritmo, de la siguiente forma: porcentaje de pre-

cisión, instancias clasificadas (correctamente / incorrectamente). 

Tabla 4. Resultados utilizando datos nominales 

Algoritmo 

Porcentaje de precisión por generación 

usando datos nominales Promedio 

2008 2009 2010 

ID3 
95.7746 

(68/71) 

85.4839 

(53/63) 

98.3051 

(58/59) 
93.19 

J48 
88.7324 

(63/71) 

88.7097 

(55/63) 

98.3051 

(58/59) 
91.92 

Naïve Bayes 

Tree 

92.9577 

(66/71) 

83.871 

(52/63) 

96.6102 

(57/59) 
91.15 

NaïveBayes 
92.9577 

(66/71) 

87.9068 

(54/63) 

96.6102 

(57/59) 
92.49 

BayesNet 
91.5493 

(65/71) 

87.9068 

(54/63) 

96.6102 

(57/59) 
92.02 

 

Podemos observar que para los datos de tipo nominal, si consideramos las genera-

ciones 2008 y 2010, el mejor algoritmo resulta ser ID3. Pero si consideramos 2009 y 

2010, el mejor resulta ser el algoritmo J48.  Al obtener el promedio de las 3 genera-

ciones podemos notar que el mejor es el ID3 para valores de tipo nominal. Por otro 

lado, cuando se trata de datos numéricos el mejor algoritmo en las 3 generaciones es 

el Naïve Bayes Tree.  Al comparar los resultados de los categóricos con los numéri-

cos, resulta mejor el Naive Bayes Tree, lo cual es comprensible si consideramos que 

los datos son de naturaleza numérica y al ser transformados para trabajarlos como 

categóricos, se pierde la precisión. 

Tabla 5. Resultados obtenidos utilizando datos numéricos 

Algoritmo 

Porcentaje de precisión por generación usando 

datos numéricos Promedio 

2008 2009 2010 

ID3 NA NA NA NA 

J48 
88.7324 

(63/71) 

90.4762 

(57/63) 

98.3051 

(58/59) 
92.50457 

Naïve Bayes Tree 
92.9577 
(66/71) 

92.0635 
(58/63) 

98.3051 
(58/59) 

94.4421 

NaïveBayes 
85.9155 

(61/71) 

74.6032 

(47/63) 

98.3051 

(58/59) 
86.2746 

BayesNet 84.507 (60/71) 
92.0635 
(58/63) 

98.3051 
(58/59) 

91.6252 
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Como una muestra de los modelos generados, en las figuras 2 y 3 se presentan los 

árboles de decisión para las generaciones 2008 y 2009 utilizando los algoritmos de 

ID3 y J48 respectivamente. En ellas podemos observar que la materia que provee 

mayor información para la separación de las clases es Arquitectura de Computadores.  

 

 

Fig. 2. Árbol para la generación 2008 usando ID3. 

 

Fig. 3. Árbol para la generación 2009 usando J48(C4.5). 

Como un segundo experimento se aplicaron los algoritmos elegidos a todo el con-

junto de datos, es decir, generaciones 2008-2010 y los resultados referentes a la preci-

sión obtenida se muestran en la tabla 6.  

Tabla 6. Resultados obtenidos al combinar las tres generaciones, 2008-2010 

Algoritmo 

% de precisión 

Variables de tipo 

nominal 

Variables de tipo 

numérico 

ID3 86.4583 NA 

J48 90.625 88.7755 

Naïve Bayes Tree 91.667 90.3061 

NaïveBayes 89.5833 82.6530 

BayesNet 89.0625 87.7551 
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Podemos observar que en este caso, el algoritmo con mayor precisión es el Naïve 

Bayes Tree tanto para variables nominales como numéricas. El árbol obtenido usando 

ID3 en este conjunto de datos se muestra en la figura 4, en él podemos observar que la 

unidad de aprendizaje Arquitectura de computadores sigue siendo la que se encuentra 

en el nodo raíz del árbol.   

 

 

Fig. 4. Árbol para las generaciones 2008-2010 usando ID3. 

 

En cuanto al algoritmo Naïve Bayes Tree para valores numéricos, el árbol genera-

do es de un nivel y se muestra en la figura 5. Podemos notar que la unidad de aprendi-

zaje en la raíz es la de Arquitectura de computadores, y las hojas son los clasificado-

res bayesianos. 

 

 

Fig. 5. Árbol para las generaciones 2008-2010 usando Naïve Bayes Tree  

De acuerdo a los resultados obtenidos, fue detectado que la calificación nominal 

NP estaba provocando ruido en el sistema, por lo que se realizó un tercer experimento 

en el que se transformó el NP a reprobado R, pues un alumno con calificación NP 

tendrá que volver a cursar forzosamente la unidad de aprendizaje, como si estuviese 

reprobado. Los resultados obtenidos al realizar este cambio se muestran en la tabla 7. 
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Tabla 7. Resultados obtenidos al combinar las tres generaciones, 2008-2010, sin usar NP 

Algoritmo 
% de precisión en las  

variables de tipo nominal 

ID3 88.5417 

J48 88.0208 

Naïve Bayes Tree 90.625 

NaïveBayes 89.0625 

BayesNet 89.0625 

 

Los árboles generados por Naïve Bayes Tree y J48, se muestran en las figuras 6 y 

7. En ellas podemos apreciar de manera más clara, qué grupos de materias llevan, en 

conjunto, al abandono de los estudios por parte del alumno. 

 

 

Fig. 6.  Árbol generado por Naïve Bayes Tree sin usar NP 

 

 

Fig. 7. Árbol generado por J48 sin usar NP 
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5 Conclusiones y trabajo futuro 

En este trabajo fue presentado un análisis comparativo entre varias técnicas de mi-

nería de datos para determinar si un alumno es propenso a desertar de sus estudios en 

la carrera de Ingeniería en sistemas y Comunicaciones del Centro Universitario 

UAEM Valle de México. Los resultados obtenidos muestran que es posible obtener 

un modelo de predicción de la deserción escolar utilizando las calificaciones obteni-

das por los alumnos en el primer año de sus estudios.  

En los experimentos realizados con los datos de las generaciones, podemos con-

cluir que los mejores algoritmos son Naíve Bayes Tree y J48. El algoritmo de Naïve 

Bayes Tree es, desde el punto de vista cuantitativo, el que tiene el menor error al mo-

mento de clasificar. Sin embargo, desde el punto de vista cualitativo, el árbol de in-

ducción generado por el algoritmo J48 provee información que puede ser de utilidad 

para el tutor académico, pues le indica las unidades de aprendizaje en las que debe 

poner atención y planear estrategias que apoyen el desempeño académico del alumno. 

Como trabajo futuro, se utilizarán los datos de más generaciones para hacer un es-

tudio a detalle del comportamiento académico histórico que existe en la carrera de 

Ingeniería en Sistemas y Comunicaciones. También podrían incluirse en el análisis 

otros algoritmos de clasificación como CART, AdaBoost, SVM entre otros.  
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Abstract. This paper presents Web Page Generator, which is an online tool for 

supporting Web Programming courses. Users of Web Page Generator can create 

a web page graphically, by placing web elements on a work area; they can also 

modify the style of the web page through an edition bar, and add validations to 

input fields. Additionally, users can navigate the web page structure using a tree 

bar, and visualizing it in a preliminary view. The resulting web page is generat-

ed in three separated files: an HTML file for its structure, a CSS file with styles 

for its presentation, and a JavaScript file for its validations. Web Page Genera-

tor allows web developers producing web pages, but also supports teaching ac-

tivities in courses related to web programming.  

Keywords. Web page generator, web programming, automatic code generation, 

html, javascript, CSS, web page, WYSIWYG. 

1 Introduction 

The creation of web sites in recent years has been increasing, given the popularity of 

the Internet to allow advertising products and services with no restrictions of time, 24 

hours a day, 365 days a year. This situation opens the need for tools that allow the 

development and automatic generation of HTML code, so web sites can be imple-

mented rapidly and efficiently. Web developers have had to adapt to the existing de-

velopment environments, which are sometimes complicated and difficult to under-

stand; some of these need some training previous to their use [1], [2]; and some others 

are very expensive [1]. A similar problem can be found in some undergraduate de-

grees, in which there are courses where students are introduced to web site develop-

ment and the use of graphical tools. This is the case of two undergraduate degrees at 

our faculty: Design, and Information Technologies and Systems, in which students 

take courses where they are required to create web pages, such as Web Design, Web 

Pages Development, Web Programming, etc. 

This paper presents Web Page Generator, an online tool for creating web pages and 

generating HTML, CSS and JavaScript code automatically. This tool has been created 

not only for web developers, but also to support teaching activities in courses related 

to web programming. One of the key advantages of this online tool is the clear dis-
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tinction of HTML, CSS, and JavaScript code, which is generated in separated files. 

The work presented in this paper is based on the initial architecture described in [3]. 

The rest of the paper is organized as follows. Section 2 presents some existing 

tools that are relevant to this development; mainly related to code generators by con-

ceptual models, and generators by edition.  Section 3 describes the architecture of the 

online tool, its modules and their functionality. The web user interface of the tool and 

its components are presented in section 4. Some examples of web pages generated 

with Web Page Generator are presented in section 5. Finally, section 6 provides con-

clusions and future work. 

2 Existing generation tools 

There are some online tools that generate HTML, but their functionality is limited [4], 

[5]. Some others also generate HTML code, but also allow restructuring the data that 

is the source of the web page, the generation by conceptual models or customization, 

and modification from web pages already generated. Given the different objectives of 

these code generators, they are classified in two types: 1) generators by conceptual 

models or customization; and 2) generators by edition. The following sections present 

these types of generators, as well as the problems in these areas. 

2.1 Tools based on conceptual models 

The tools that work based on conceptual models generate a kind of platform that can 

be used by developers to produce web content through an easy-to-use and customiza-

ble interface. This is the case of the Web Interface Development Environment 

(WIDE) [6], which provides automatic generation of web content, starting from a 

conceptual model. To facilitate the construction of web content, this tool incorporates 

a layers system, which allows the visualization of control and its functionality; and 

also has a zoom system to increase the level of detail in the production of content. 

Another tool based on the development by conceptual models is the Web Applica-

tion Rapid Prototyping (WARP) [7]. This application offers a set of online software 

tools that help the designer in the navigation of a web application, using the UWA 

methodology [8]. GIWA is another tool based on conceptual models, which provides 

a generator of adaptive web applications [9]. Its main objective is to facilitate the 

design and automatic generation of web interfaces through several levels, which go 

from functionality to presentation. 

2.2 Tools based on edition 

The edition tools work on existing content and aim to have an easy web site admin-

istration and upgrade. The administration goes from the web site presentation to the 

modification of its source data. Nakano [10] developed a tool that edits a web site 

based on a bidirectional transformation, with an upgrade system called Vu-X. This 

way, users modify directly the web page, without the need of accessing the database; 
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and the result is shown automatically in the database using the bidirectional transfor-

mation language Bi-X [11]. Vu-X also implements an editing system similar to those 

called What You See Is What You Get (WYSIWYG). There is also the tool called 

Dido [12], which allows editing web pages; it contains an interactive AJAX interface, 

a data editor, and a MetaEditor that allows WYSIWYG editing. AJAX is the acronym 

of Asynchronous JavaScript and XML, which is a web development technique used to 

create interactive applications or Rich Internet Applications (RIA). Dido does not 

need installation because it works on browsers; this way author documents can share 

information and at the same time edit it according to their needs. It is limited to cer-

tain functionality, such as create, read, update, and delete. WebSheets [13] is another 

tool that allows the creation and modification of HTML pages with dynamic content; 

it modifies the database and the structure of the web pages with a WYSIWYG editor. 

The tools described in this section are dedicated to the modification of HTML and 

XML code; but there are also other tools that are aimed to the creation of styles, such 

as the XSLbyDemo [14] tool, which generates XSL stylesheets from an HTML page, 

using a WYSIWYG editor. XML is a markup language created by the World Wide 

Web Consortium (W3C); it derives from SGML, and allows defining the grammar of 

specific languages (it should be noticed that HTML is also derived from SGML). The 

eXtensible Stylesheet Language (XSL) is an extensible language based on stylesheets. 

These languages are part of a family of languages based on XML, which allow de-

scribing the information contained in an XML document, and transform it or format 

it, in order to be presented in a digital media. One of the main features of 

XSLbyDemo is the generation of a stylesheet from a well-formed XHTML document. 

The produced XSL file can be associated to several documents derived from the same 

Document Type Definition (DTD), which describes the rules for the structure and 

syntax of XML or SGML documents. XSLbyDemo is based mainly in insertions, 

modifications, copies and elimination of rules that are defined in the file. The genera-

tion of that file is carried out through the Document Object Model (DOM) for access-

ing and manipulating the objects contained in it. DOM is an application programming 

interface that provides a standard set of objects to represent XML and HTML docu-

ments; it is a standard model to access and manipulate these objects. 

3 Architecture 

Web Page Generator allows the graphical edition of web pages, and generates auto-

matically HTML, CSS and JavaScript code. It uses a WYSIWYG editor, and it is 

accessible through the web. When the user finishes editing the web page, the result is 

a set of files with the programming code of the technologies mentioned. In the follow-

ing sections it will be described the modules that are part of this tool. 

The online tool uses a client-server architecture, which is shown in Figure 1. The 

client side is composed of two blocks: the user interface, and the modules that support 

it; while the server side is composed of the code generators for HTML, CSS and Ja-

vaScript, and the module for generating files. The rest of this section provides a de-

tailed explanation of the components of this architecture. 

Advances in Computing Science    25



 

Fig. 1. Web Page Generator client-server architecture. 

3.1 Client side 

The client side of the tool has two main blocks, which are shown in Figure 1. The first 

block involves a set of modules for the generation of HTML, CSS and JavaScript 

code. The second block involves a set of components for the web interface, such as 

the creation bar, the work area, and the component for the generated documents. The 

first block is described in the following paragraphs. 

HTML Module. This module works on the client side. The user of the tool can 

place HTML elements on the work area, through the creation bar. This module is also 

in charge of administering the attributes of the elements used.  

CSS Module. This module works mainly on the client side, but it also has part of 

its functionality on the server side. It allows the creation of CSS styles, which are 

applied to the HTML elements placed on the work area. It also stores a data structure 

for the styles created, which are then used for the generation of the code. The tool is 

able to apply CSS styles at three different levels: 1) Class level allows creating a CSS 

class, defining attributes and values, and applying that class to any element; 2) Ele-
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ment level allows applying a style to all the elements of the same type on the work 

area (for example, all div elements on the work area); 3) Element id level allows de-

fining a style for a unique element, which is the element selected on the work area.   

JavaScript Module. The functionality of this module is on the client side. It al-

lows providing the validation for HTML input elements, where the validation of such 

elements can be seen instantly on the work area. 

3.2 Server side 

There are two blocks that are part of the server side, which are illustrated in Figure 1: 

the code generators and the file generator module. These blocks are described below.  

Code Generators. There are three code generators: one for HTML, one for CSS, 

and one for JavaScript; which generate the necessary code to pass it to the file genera-

tor module. The CSS code generator uses a data structure to store in memory all the 

CSS styles that were created in the CSS module, described previously. The aim of the 

data structure is to contain, modify or delete all the CSS style information. 

File Generator Module. The functionality of this module is divided in two steps. 

In the first step, it collects the information from the HTML, CSS and JavaScript code 

generators. In the second step, once the tool has loaded in memory all the code from 

the three code generators, it applies the format and constructs all the necessary files. It 

then takes the created files and zips them; finally, a link is returned to the web user 

interface, where the files generated can be downloaded. 

4 Web user interface 

The web user interface for the online tool is shown in Figure 2, where its components 

are identified by numbers: 1) creation bar, 2) work area, 3) edition bar, 4) tree bar, 

and 5) visualization bar. These components are described in this section. 

Creation Bar (1). This bar shows all the HTML elements that can be placed on the 

work area. The user clicks on the icon of the HTML element desired in order to place 

it on the work area where the cursor is located. Table 1 illustrates some of the icons 

used on the creation bar, and the actions associated with them. 

Work Area (2). The work area shows the construction of the web page, the HTML 

elements placed, the CSS styles associated with the elements, the validations for the 

text fields, and in general any element that is created. The work area has some editor 

features, so that the cursor can be placed anywhere on it, and write directly with no 

need of introducing any HTML element explicitly through the bar. Figure 3 shows the 

work area of the Web Page Generator, with some HTML content placed graphically 

on it by the user, such as tables with several rows and cells, images, formatted text, 

hyperlinks, div containers, paragraphs, headers, etc. Additionally, in section 5 there 

are some examples of completed web pages generated with this tool.  
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Fig. 2. Web Page Generator user interface. 

Edition Bar (3). There are two important tasks that can be accomplished with the 

edition bar, through the two tabs that appear on it. The Attributes tab shows the attrib-

utes used on the selected HTML element; and the Styles tab shows all the CSS styles 

that can be applied to the HTML element selected, in different levels: class level, 

element level, or element id level. 

Table 1. Some icons of the creation bar and their associated actions. 

Icon Action  Icon Action 

 

It places an element a on the 

work area. 

 

 

 

It shows options for placing an 

element img on the work area. 

 

It shows options to place an 

element table on the work area. 

 

 

 

It places an element p on the 

work area. 

 

It places an element div on the 

work area. 

 

 

 

It places an element iframe on 

the work area. 

 

It places an element form on the 

work area. 

 

 

 

It places an element select on 

the work area. 

 

 

It places an element textarea on 

the work area. 

 

 

 

It places an element ol on the 

work area. 
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Tree Bar (4). This bar shows information about the elements tree in the web page 

being generated. It shows how nested an HTML element is with respect to other 

HTML elements. It is also used as a selector of HTML elements. It should be noticed 

that the structure of HTML is based on nesting elements.  

 

 

Fig. 3. Work area with some HTML content placed graphically. 

Visualization Bar (5). This bar contains three buttons, which are the following 

(from left to right): Preview, Hide Panel, and Generate Code. The Preview button 

allows visualizing a preliminary view of the web page in full screen; the Hide Panel 

button hides or visualizes the Edition Bar; the Generate Code button allows generat-

ing the three files (with the HTML, CSS and JavaScript code), which are the result of 

the web page created on the work area. The Generate Code button also generates a 

zip file with the files mentioned, which can be downloaded from the web interface. 

Figure 4 shows a very small fragment of the HTML code generated automatically 

(Darth Vader image and text) for the web page illustrated in Figure 3. For display 

purposes and due to the lack of space, the code is shown without break lines. 

 

<tr id="tr8"> 

 <td id="td16"> <img src="starWars.jpg" id="img15"      

   title="starWars.jpg" /> </td> 

 <td id="td17"> <span id="span40" 

   style="font-weight: bold;">Darth Vader</span><br/><br/> 

  <!-- rest of the code omitted --> 

Fig. 4. Fragment of the HTML code generated automatically. 
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5 Examples of web pages generated 

This section shows two examples of web pages that have been generated with Web 

Page Generator, which has been in constant use. Figure 5 shows a web page with 

nested HTML elements, which have CSS styles. The web page was generated using 

div elements, tables, rows and cells, text formats, headers, images and a form with 

JavaScript validation. It can be observed the use of CSS styles to modify the presenta-

tion of the web page, such as the background color at different levels, text color for 

different headers and text on the page, some other text attributes, table borders, cell 

borders, text alignment, etc. JavaScript code is only used for validation of the input 

HTML elements of the form, at the end of the web page.  

 

 

Fig. 5. Web page generated with Web Page Generator. 

Figure 6 illustrates a web page with a more complex distribution of elements, 

background images, a menu, and text formats. It also uses div elements to separate the 

content of the web page; it has a banner on top, a top menu, a right menu, and the 

content aligned to the left. Some of the HTML elements used are the following: lists, 

tables, images, forms, inputs, paragraphs, headers, hyperlinks, divs, etc. The use of 

CSS styles to modify the presentation of the web page is also illustrated with color 

attributes, text attributes, table attributes, div attributes, paragraph attributes, and 

some other CSS attributes. Concerning the JavaScript programming language, the 

web page generated in this example, also includes a form with input elements and 

validations on them, such as the email format. 
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Fig. 6. Web page generated with a more complex distribution of elements. 

6 Conclusions and future work 

The aim of this work was to create an online tool that allows the construction of web 

pages graphically, and the automatic generation of HTML, CSS and JavaScript code. 

The Web Page Generator presented in this paper not only constructs web pages, but it 

also generates separated source files with clean code for the three languages men-

tioned; and it is also an open source tool. It should be noticed that none of the tools 

analyzed in the state of the art has all the features explored. Web Page Generator can 

generate web pages with most of the existing HTML elements, such as paragraphs, 

headers, lists, images, tables, forms, divs, image maps and areas, input elements, etc. 

There has been some testing for the creation of web pages with the tool, and it has 

been successfully observed that the code generated for any of the web pages created, 

is understandable, clean, well structured, and editable; so that users with more experi-

ence in these three languages can modify, delete, or insert more content to the source 

files of the web page created. Currently, the online tool generates source files for 

HTML, CSS and JavaScript. However, in the future it is planned to create a module 

for reading existing source files. The main idea of this new module is to provide the 

possibility of opening source files from the web user interface, so that the tool can 

construct the page graphically, without the need of modifying the source manually. 

Further work is needed to implement some other modules, such as a module for the 

administration of web pages, and a module for the construction of web pages with 

more than one HTML and CSS files. The first module aims to create user accounts; 
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where users can create their web pages and store them in the online tool, edit them 

and administer them later on. The construction of web pages with more than one file 

will allow users creating more than one HTML file and associate it with several CSS 

files, and have a complete web site composed by several HTML and CSS files. 

Once the usability tests are finished, the web interface will be modified according 

to the results. It is also planned to use the tool to support some of the exercises for a 

Web Programming course of the Information Technology undergraduate program. 
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Abstract. Computer programs written in the Java programming language 

require the Java development kit in order to be compiled and run; this can be 

accomplished through a command line or using an integrated development 

environment on the computer where the program is being written. This paper 

presents a web learning environment, which is composed of an online code 

editor, initially for the Java programming language, but it can be extended to 

other object-oriented programming languages, such as C++. This web 

environment is designed with features that support students during the process 

of learning this programming paradigm, such as allowing them running the 

code edited, showing the output of the program, showing the list of exceptions 

occurred during compilation and pointing out the place of the exception. All 

these features are accessible through the web environment, which can be used 

by students through a web browser on any computer with Internet access. 

Keywords. Java programming language, object-oriented programming, web 

learning environment, online compilation, interactive web environment. 

1 Introduction 

The Information Technologies and Systems undergraduate program at our faculty has 

an Object-Oriented Programming course, additionally to other courses that require the 

use of object-oriented programming languages. It could be of great support for stu-

dents to have a web learning environment that helps them in the process of learning 

object-oriented programming, such as its main principles and concepts (classes, ob-

jects, methods, attributes, inheritance, polymorphism, etc.), and make transparent the 

compilation and execution of programs. 

A web learning environment for supporting object-oriented programming courses 

is being developed, which uses the Java programming language, but it can be extend-

ed to other object-oriented languages, such as C++. This web environment will sup-

port the process of teaching and learning for object-oriented programming courses. 

The reason for using Java is simply because most of the lecturers use Java as the pro-

gramming language for their courses. There are some projects available on the web, 

which are tools for supporting programming from a web platform, but some of them 

are very simple [8], expensive [6][7], or they do not provide the possibility of work-
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ing with Java [5]. Some others provide the possibility of working with several files at 

the same time [7][8], or compiling online and running offline [4]. 

Computer programs written in the Java programming language require the Java 

Development Kit (JDK) in order to be compiled and run; this can be accomplished 

through a command line or using an Integrated Development Environment (IDE) on 

the computer where the program is being written. Figure 1 shows the process of edi-

tion, compilation, and execution of Java programs. The complete process starts with 

the creation of .java files with the source code, the use of the editor for writing the 

program (source files), the delivery of the files for compilation, the actual compila-

tion, the generation of the .class files (in case there are no syntax errors), the execu-

tion of the program through the Java Virtual Machine (JVM), and the visualization of 

the program output.  

 

 

Fig. 1. Process of edition, compilation and execution of Java programs. 

The web environment is composed of an online code editor for object-oriented 

programming languages, such as Java or C++. The environment has features to help 

students during the learning process of this programming paradigm; such as allowing 

them executing the edited code; showing them the output of the program; showing 

them the list of errors during compilation, and where they are inside the code. Stu-

dents do not need to leave the web learning environment to use all these features, 

because they are built in the environment. A remote compiler will also be provided by 

the environment, so students do not need to install any. This way, they can learn and 

practice object-oriented programming while studying a tutorial, without the need of 

navigating between different applications (source files, web browser, books, etc.). 

This web learning environment is thought to be stand-alone, which allows the stu-

dent accessing it and working with it through a web browser, from any computer with 

Internet access. Additionally, this learning environment is planned to be incorporated 

to the online interactive tutorials platform, which is being developed [16]. 

The rest of the paper is organized as follows. Section 2 presents a brief summary of 

some existing tools that are relevant to this project; mainly tools for edition, compila-

tion and execution of code.  Section 3 describes the architecture of the web learning 

environment; the software and supporting tools used; the edition, compilation, and 
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execution of programs; and the help section for the segments of code with errors. 

Finally, section 5 provides conclusions and future work.  

2 Related tools and applications 

This section reviews some existing tools that are related to the web learning environ-

ment being developed. Among the tools found, there is a tool that covers some of the 

features desired in the web learning environment; however, it is expensive, and it is 

thought as an online IDE and not as a tool for learning a programming paradigm. 

There are also some tools that are actually plug-ins, which can be used to implement 

some of the features planned for the web learning environment. Table 1 shows some 

of the existing tools, along with a brief description of their purpose. 

Table 1. Tools for edition, compilation, and execution. 

Name Description 

Compilr Online IDE. 

Codepad Compiler/interpreter. 

DJGPP Public Access Cross-compiler service for creating small programs in DOS. 

Ideone Online compiler and debugger. 

JXXX Compiler Service Remote compilation service for Java files. 

OnlineCompiler Online compiler. 

CodeMirror JavaScript component that provides a code editor for Web. 

CodePress Online code editor, written in JavaScript. 

EditArea Code editor, written in JavaScript. 

 

Compilr [7] is a web application that allows creating projects in different object-

oriented programming languages. It provides a file browser interface, it is multi-

language and allows the edition of more than one file at the same time; it has a code 

editor and syntax highlighting; it provides a remote compiler, and executes the code 

with input parameters taken from the user; it visualizes the output, and allows the 

execution of Java Applets [15]; it is similar to Eclipse [13] and Netbeans [14]. 

Codepad [5] is a compiler/interpreter of code that can be used by 10 different pro-

gramming languages. It has no support for the Java programming language, but for 

others, such as Python, Ruby and C++. It provides a multi-language code editor, re-

mote compilation, and it allows visualizing the output of the program after execution; 

its functionality is more oriented to code debugging, because it highlights the code 

lines where it finds an error. 

DJGPP Public Access Cross-Compiler [8] is a service designed for users that need 

to create small programs in DOS and do not have access to a computer with a compil-

er. It only has support for programs in the C programming language. It is a very basic 

application, because it only has support for one language, and its interface is limited 

with only a small text area with two options: Warnings and Optimize. 

Ideone [10] is an online compiler and debugger, which allows compiling and exe-

cuting code in 40 programming languages. It has a code editor, syntax highlighting, 
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multi-language, remote compiler, and it allows input from the user for the execution; 

it also visualizes the output of the program. It can only executes programs with one 

source file; it does not allow the execution of Java Applets. 

JXXX Compiler Service [11] is a service for remote compilation of source files 

written in the Java programming language. This tool allows the execution of Applets 

without having installed the JDK. This tool is basically a form with remote compila-

tion, loading of libraries, selection of different JDK, and the possibility of compiling 

several files at the same time. This service also includes the option to load an HTML 

file for visualizing Applets. It does not have a text editor to write code. 

OnlineCompiler [12] is a web site to paste and compile code. It does not show any 

output from the programs, because its main functionality is to detect syntax errors of 

the 5 different languages it supports (C/C++, Fortran, Java, Pascal and Basic). It has a 

code editor, it is multi-language, and it can compile source files remotely. The web 

interface of this tool allows writing or pasting code on a text area, in order to compile 

it. The result of the compilation is a web page with a link to the source file, and an-

other link for the executable or compiled file. 

CodePress [6] is a source code editor, written in JavaScript, which colors the text 

as it is being written on the web browser. Some of its main advantages are the follow-

ing: syntax highlighting, auto-complete, possibility of having multiple windows of 

code inside the same web page, and the support for several programming languages. 

EditArea [9] is a free code editor, written in JavaScript, which is designed for edit-

ing source code inside of a <textarea> element; it has several functionalities that are 

useful, such as syntax highlighting, tabs support, well-formatted text, search and find 

functions, auto-indent, and the possibility of having multiple instances. 

CodeMirror [4] is a JavaScript component that provides a code editor with syntax 

highlighting, indentation, search and replace. It is a code editor that can be embedded 

in a web page, and can be adjusted to the desired window size, which affects the way 

it visualizes the code. 

3 The web learning environment 

This section presents the architecture of the web learning environment, the software 

and supporting tools used for its development (edition, compilation, and execution of 

programs), and the help sections that are provided for the code with errors. 

3.1 System architecture 

The web learning environment is based on a client-server architecture. The server is 

in charge of the compilation and execution of programs; it also registers the output of 

the program and any errors or exceptions occurred. The client side shows the web 

interface, which is composed of a source code editor, where the user can edit the code 

and send it to the server side to be compiled and executed, as it is shown in Figure 2.  
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Fig. 2. Client and server sides: edition, compilation and execution of Java programs. 

3.2 Software and supporting tools 

The web environment uses Apache Tomcat as a web server and container of Java 

Server Pages; it is also used for the dynamic generation of content, and database con-

nectivity. Java is the programming language for the business classes; it also has the 

JavaCompiler class, which is used for the compilation of programs on the server side. 

For the web user interface it is used HTML, CSS, and JavaScript: HTML for the 

structure of the content, CSS for the presentation of the content, and JavaScript for the 

interaction with the user and for the asynchronous method calls to the server. 

3.3 Edition 

After having reviewed several code editors with syntax highlighting [4][6][9], 

CodeMirror was chosen, because it is the most complete editor from the ones evalu-

ated. Although the web learning environment is only using syntax highlighting and 
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auto-indentation, in the future it can use more features of CodeMirror, such as auto-

complete, pre-visualization of HTML, auto-complete of XML tags, etc. 

Figure 3 shows the initial version of the web interface, where it can be observed 

three panels. The left panel shows some examples of the syllabus established for the 

environment; the top panel shows the code editor, and the bottom panel shows the 

console for compilation and execution of programs. The top panel has an example of 

a Java class, which is also shown in Figure 4. 

 

 

Fig. 3. Interface of the web learning environment, with examples and code editor. 

Figure 4 shows an example with a syntax error. Due to this error, it can be ob-

served in Figure 3 the error message at the bottom panel. 
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Fig. 4. Java class example with a compilation error. 

3.4 Compilation and execution 

There is a Java interface called JavaCompiler, which allows invoking programs; it 

provides methods for compiling the source code generated in the code editor, and also 

for capturing the errors generated during compilation and execution. Inside the web 

learning environment, this interface is implemented on the server side to provide 

compilation and execution services. 

3.5 Help 

This is one of the most difficult tasks. The web environment will offer information 

about the errors occurred during compilation, or exceptions occurred during execu-

tion. The environment will have a menu, from which there will be well-commented 

examples with brief explanations, which will serve as support for students for famil-

iarizing and understanding the object-oriented programming paradigm. This is ac-

complished through the Java programming language, using simple examples of the 

topics covered for the web environment, such as those found in [1], [2], or [3]. 

The editor area will provide the help material. The main features of this editor are 

the following: 1) edition of code with syntax highlighting; 2) online compilation and 

execution of source code with only one click; 3) visualization in the web interface of 

compilation or execution errors, with an option to see an example related with the 

error; 4) mapping of errors inside the source code (highlighting the line where the 

error occurred), 5) viewer of applets.  

4 Conclusions and future work 

This paper presented a web learning environment, which is composed of an online 

code editor, initially for the Java programming language, but it can be extended to 

other object-oriented programming languages, such as C++. This web environment is 

designed with features that support students during the process of learning this pro-

gramming paradigm, such as allowing them running the code edited, showing the 

output of the program, showing the list of exceptions occurred during compilation and 

pointing out the place of the exception. All these features are accessible through the 

web environment, which can be used by students through a web browser on any com-

puter with Internet access. The web learning environment is under development, alt-
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hough there is an initial working version. Additionally, it is planned that this envi-

ronment could be incorporated to an online tutorials platform.  

Further work is needed to finish the web environment with the complete function-

ality to compile and execute programs; as well as the functionality to implement the 

help for students, which will show the exact place of the error, along with examples to 

reinforce the knowledge acquired; and the possibility to include a reference to the 

Java API corresponding to the topics covered. It is needed to carry out tests and eval-

uations to determine the effectivity of the web learning environment in the teaching-

learning process in the object-oriented programming courses. 
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What to teach and how [3] has been considered by free thinkers 
like Plato, Rousseau, Froebel, Dewey and others dating back several cen-
turies. The ideas discussed by those people follow two extremes: on one 
hand, children and young people must learn what government dictates, or 
on the other hand, they should be given freedom to learn knowledge and 
skills. Currently both initiatives are used for teaching and learning and it is 
hard to notice any separation. 

Technology and computer development during the late twentieth 
century promoted interest to include them in classrooms as tools to sup-
port the teaching-learning process. Many terms to describe this trend have 
emerged such as learning online, virtual learning, Computer Assisted 
Learning (CAL), e-Learning, m-Learning, among others. In many cases 
the teacher can be replaced by computer programs like online tutorials or 
online content that use computer questionnaires for students to check 
their progress. 

Computer science advances are notable, starting with the represen-
tation of numbers using bits, continuing with coding letters using groups 
of bits, sequences of characters, and until recent information representa-
tion in augmented reality systems and high speed networks for infor-
mation exchange. However, technology advances are not enough to guar-
antee that people could learn how to build computer programs. Besides 
technology cannot reach people with no electricity service, and software 
advances are out of reach of those who lacks of computers. 

 In literature there are many papers and online reports on the use 
of learning platforms and tools [4] [5] [6] [7] [8]. Learning styles [9] could 
be grouped on presence, distance, and blended learning; and have been 
applied with different success levels. Evaluation considering several varia-
bles measures student progress and the learning process (tools, schedule, 
and contents) to improve online courses. Interest on these new learning 
styles is concentrated on teaching different subjects. 

Nowadays, the most common strategy to promote knowledge is 
“reward and punishment”. For example, many children attend school to 
avoid punishment from parents, and at school they pretend attending the 
class and learning to avoid punishment or lose points for not paying atten-
tion. However, the reality is revealed during exams; the students did not 
learn and failed the exams. As a consequence of the “reward and punish-
ment” strategy many students decide to abandon schools at different lev-
els. 

42   Advances in Computing Science



Technology and developments such as computers, tablets, 
smartphones, the Internet and Web do not guarantee that the learning 
processes occur or students get motivated for learning, nor eliminate 
dropping out of school. Despite technology and the introduction of mul-
timedia presentations students are abandoning the learning process. 

As a consequence of teaching problems and lack of interest of the 
students, some researchers [10] [11] question whether reviewing learning 
theories should be considered. Some theories of learning already proposed 
are: 

A. Behavioral theory [12] (attributed to B. F. Skinner) 

This theory is based on reinforcing the action of a person that corre-
sponds to what is expected to be learned. For measuring learning it is ob-
served if there is a change in behavior. To promote learning both the 
stimuli and the environment need to be organized adequately. 

B. Cognitive Theory  (represented by J. Bruner) 

In this theory knowledge acquisition involves an internal coding and 
structuring by the student. Learning is a process of rearranging or trans-
forming the data so that a student acquires and understands. Learning is 
expected to occur by discovery (serendipity). 

C. Soci –historical–cultural theory (attributed to L. S. Vygotsky) 

This theory considers that the human being is a social being and learning 
occurs when multiple people interact. 

D. Theory of observation and imitation (attributed to A. Bandura) 

This theory shows that there are internal mechanisms of information rep-
resentation that allow learning by observation and imitation. 

E. Eclectic theory (attributed to R. Gagne) 

The learning process is organized based on needs and priorities; therefore 
this theory is aimed for students achieving specific goals. 

F. Theory of constructivism (attributed to J. Piaget) 

Learning takes place through two simultaneous and opposite movements: 
assimilation and accommodation. In assimilation individuals explore the 
environment and make decisions that transform and integrate parts that 
are found in the environment. In accommodation, the individual trans-
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forms their inner structure to reflect the nature of the objects found in the 
environment. 

G. Theory of complexity  (attributed to E. Morin) 

Consider learning as based on a combined epistemology: social, biological, 
mind, spiritual, logic, linguistic, cultural, social and historical; as opposed 
to traditional epistemology that is only cognitive. This means that systems 
under study are "complex systems" that should be considered under dif-
ferent viewpoints.  

H. Conexionism theory (attributed to G. Siemens and S. Downes) 

This theory was created to take into account the influence of technology 
(mainly computer and networks) on the learning process. 

The inclusion of computers in the teaching-learning process is an al-
ternative tool that provides contributions to the transmission of 
knowledge and also helps detect the progress of students learning. Fur-
thermore, learning theories have greatly contributed to the development 
of mankind. However, it requires some guide in the learning process that 
in this work is provided by an epistemological model. 

2 Epistemological model for learning computer programming 
languages  

Epistemology is a discipline dedicated to study knowledge and its genesis. 
Based on experiences looking for models to enable students to acquire 
knowledge, particularly in computer programming languages, an episte-
mological model was proposed in [13] and adapted [14] for this paper as 
shown in figure 1 considering that computer programs could be consid-
ered formed by three main elements [15] [16]:   

a) Data, those representing values, variables and real entities repre-
sentations. 

b) Process, those that transform data.  
c) Structure that determines the order of process application on data.   
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Figure 1. Epistemology for learning computer languages 

A. Scenario 

The scenario consist in configuring with materials and tools needed to 
promote learning and exercise activities and practices related with the top-
ic of interest that in this case is computer languages learning and applica-
tion. This is the main labor of the teacher who makes arrangements and 
prepares materials, projections and the agenda for the teaching–learning 
process guided with the epistemological model. 

B. Problem establishment and hypothesis 

Each problem is proposed, discussed and has a hypothesis to solve it. 
This activity is mainly carried out by the student with the teacher supervis-
ing them and asking to use their imagination in a certain situation related 
with the problem. Sub-problems may arise during the process. In this 
step, it was found that many times some student proposed solutions in-
stead of problems; therefore, the feedback was devoted to help students 
on detecting what a problem is and what is not. The tools that were used 
to register problems and hypothesis were text processors. 

C. Concepts and relations among them 

In this epistemological category, each student is given questions with con-
cepts related with the problem under consideration. They are asked to 
look for answers in different media including books, magazines, Web pag-
es, or their own experience. The answers must be placed in documents 
showing the question, the author (student name), the reference, the an-
swer and an example.  

Students answer questions using a text editor and send the result 
to the teacher via email. Feedback on each answer is provided by the 
teacher and the student is asked to produce a conceptual map that reflects 
the understanding on the concept relationship. In this activity any soft-

Advances in Computing Science    45



ware tool can apply (e. g. EDraw Mindmap®). The result is also sent to 
the teacher via email and returned with feedback and teacher’s conceptual 
map for the student to review it. After the student reviews, a group dis-
cussion is carried out to obtain conclusions. 

Once the students have knowledge [17] [18] [19] about concepts 
and relationships among them, the next step is on applying the knowledge 
implementing data structures and algorithms to solve small problems first 
then more difficult ones. 

D. Data structures 

In this category, a problem is proposed for the student to apply the con-
cepts learned to data structures. Here it is expected that the student im-
plements the solutions using a computer programming language. Data and 
the structures are formed using variables relating them in different ways. 
For example sorting a list of integers, and asked how to solve the problem 
(hypothesis), compare their proposal with known methods and then to 
identify which data and structures appear in the proposals. Teachers pro-
vide feedback to precise and complete the proposals. For this and the fol-
lowing categories it is necessary that the student manages an Integrated 
Development Environment (IDE), like Java programming language or C 
language.  

E. Process 

Computer processes transforms data in different ways: operators in ex-
pressions, control structures in program flow and functions in both of 
them.  

Computer languages nowadays are provided with rich libraries of 
functions devoted to provide specific solutions. Regardless of that, stu-
dents are motivated to build their own code to show their abilities to pro-
duce computer programs. The teacher reviews and analyzes each algo-
rithm and invite students to compare their solution against other existing 
implementations to check which one has a better performance and then a 
discussion is opened.  

F. Solutions 

Solution is the category intended for the students to show their programs 
running with test data prepared by the teacher. For postgraduate students 
measuring performance is a very important topic.  
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G. Applications 

Application is a category related with the use by a third party of the pro-
gram produced.   

H. Rule 

Rule category reflects the experience obtained by each student during the 
development process; it is expressed in the form of a principle, postulate 
or in the best case a rule.  

This model was applied to students from several universities and 
states of the Mexican Republic, providing for each of its categories the 
appropriate feedback as soon as possible. 

3 Evaluating Learning 

Evaluation is an important concern in the teaching–learning process. In 
this proposal, evaluation is related with mastering each of the categories of 
the epistemological model. Students are qualified related to the best epis-
temological category that each student reaches. 

In a group of 19 students randomly selected to produce computer 
programs guided with the epistemological model proposed, the results 
shown in table III were obtained. Each student is represented with a con-
fidential number.  

Table III show the results of applying [13] the Epistemological 
Category Oriented Evaluation (ECOE). In that 4 out 19 students reached 
the rule category, resulted excellent oral presenters. Self-motivation is 
found in students that reached top categories. 

Application level students are close to finding rules and therefore 
the labor of the teacher is to invite them to reflect and write on the learn-
ing process to find patterns that may be established as a principle or rule.  

In other students, it was observed that they only learned concepts 
and rejected applying their knowledge on computer program implementa-
tion. They did not want to attend practices due to lack of interest. It is 
considered that should be incentivized to learn by providing more simple 
exercises and eventually provide more complex ones until they are able to 
face problems and develop a solution with data structures and algorithms. 

Between the two mentioned distinguishable groups there are some 
students that are considered having reached the data structure or process 
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categories, and therefore, the teacher labor for them is to provide more 
practice that prepares them to eventually face real-life problems is an im-
portant concern in the teaching–learning process. In this proposal, evalua-
tion is related with mastering each of the categories of the epistemological 
model. Students are qualified related to the best epistemological category 
that each student reaches. 

 

TABLE III.  EPISTEMOLOGICAL CATEGORY ORIENTED 
EVALUATION (ECOE) 

Student 
Aspect evaluated 

Epistemological level Oral presentation Feedback provided 

1 Relations good  Personal attention 

2 Rule Excellent  Already self-motivated 

3 Rule Excellent  Do more practice 

4 Rule Excellent  Apply skills 

5 Application No  Share skills 

6 Concepts Very good Try to learn

7 Concepts Regular  Get interested 

8 Concepts No  Get interested 

9 Rule Excellent  Self-motivated 

10 Concepts Bad  Get interested 

11 Process Regular  Must try to learn 

12 Application Very good  Learn more

13 Application Very good  Learn more

14 Application Very good  Self-motivated 

15 Process Good  Must try to learn 

16 Concepts Good  Get interested 

17 Application Very good  Need Learn more 

18 Relations Good   Need Learn more 

19 Relations Good   Need Learn more 

 

TABLE IV. COMPARISON AMONG PROPOSALS FOR 
LEARNING COMPUTER PROGRAMMING LANGUAGES 

Proposal 

Criteria 

Explicit epistemology 
Information 
availability 

Activities 
Feedback on 

activities 
Explicit 
thought 

formation 
[4] No Yes  Yes  Yes  No 

[5] No Yes  Yes  Yes  No 

[6] No Yes  Yes  Yes  No 

[7] No Yes  Yes  Yes  No 

[8] No Yes  Yes  Yes  Yes 

This proposal Yes Yes  Yes  Yes  Yes 
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4 Comparison with other approaches 

Different authors and organizations have proposed tools for learning 
computer programming languages [4] [5] [6] [7] [8]. Table IV shows a 
comparison among those works and the proposal of this paper. It is pos-
sible to notice that in most cases information is provided to the student, 
examples and evaluation, but some of them lack of an explicit epistemo-
logical model to guide knowledge learning, for example, distinction among 
problem statement and solution is not emphasized; therefore students 
usually are guided to develop code without an application and as conse-
quence students sometimes learn that code production do not deserve a 
benefit. 

5  Conclusions and future work 

In this paper an epistemological model and an evaluation approach based 
on categories are proposed to guide the teaching–learning process. 

The application of the proposed model guides students in learning 
computer languages to produce computer programs by categories: con-
cepts, relations among them, distinguish data and process, and implement 
algorithms that solve a problem. Preferably, the students should provide 
the program to solve a real-life problem and establish learned knowledge 
as a rule. The proposal was applied with students (male and female) at the 
graduate and postgraduate level from several universities in Mexico. 

It was observed that the students who understood the model be-
came self-motivated while other refuse to develop practices and only ob-
tained limited concept learning. That indicates that the model should be 
learned first. More tests with students should be carried out to determine 
if the proposed model is convenient for computer language learning.  
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Resumen. Se presenta el trabajo realizado en el Centro Universitario UAEM 

Valle de México para generar un modelo del desempeño académico de un 

alumno de la carrera de Ingeniería en Sistemas y Comunicaciones basándose en 

la teoría de las Inteligencias Múltiples, utilizando técnicas de Minería de Datos. 

El objetivo principal es determinar si es posible predecir el desempeño acadé-

mico de un alumno en unidades de aprendizaje del núcleo de Ciencias Básicas y 

Matemáticas, basándose en sus inteligencias múltiples, y comprobar si la inteli-

gencia que más influye es la lógica matemática. Para lograrlo, se utilizaron los 

algoritmos de clasificación C4.5 y Naïve Bayes, primero aplicados a las instan-

cias de todas las unidades del núcleo y posteriormente a cada unidad en particu-

lar. Los resultados muestran que sí es posible determinar el desempeño de un 

alumno y permiten determinar cuáles inteligencias son las más influyentes. 

 

Palabras clave: Minería de datos, Árboles de Decisión, Naïve Bayes, Clasifi-

cación. 

1 Introducción 

En el área de la educación, existen investigaciones que centran su interés en determi-

nar cuáles son los factores que influyen en el desempeño académico de un alumno [1, 

4, 9, 11, 14, 15, 16]. Esto se debe a que si se sabe cuál es el factor más influyente, 

entonces es posible crear estrategias para minimizar los efectos negativos de dicho 

factor. Los factores que se han encontrado que influyen son pedagógicos, psicológi-

cos, sociológicos, fisiológicos e institucionales. 

Por otro lado, la inteligencia propia del sujeto, es determinante para su desempeño 

escolar. Al respeto, en 1900 Alfred Binet creó una forma cuantificable de medir la 

inteligencia, su test de Coeficiente Intelectual (CI). Sin embargo, este test está orien-

tado únicamente a medir la inteligencia lingüística y la lógica, por lo cual otros inves-

tigadores surgieron con teorías que postulan que hay más inteligencias. Tal es el caso  

de Daniel Coleman con la Inteligencia Emocional [10] y Howard Gardner con la Te-

oría de las Inteligencias Múltiples (IM)[6].   
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En el centro universitario UAEM Valle de México, estamos interesados en deter-

minar si es posible predecir el desempeño académico de un alumno en unidades de 

aprendizaje del área de las ciencias básicas y matemáticas, basándose en sus inteli-

gencias múltiples, y a su vez comprobar si la inteligencia que más influye es la lógico 

matemática. 

El documento está organizado de la siguiente manera: en la sección 2 se describe 

brevemente la teoría de las Inteligencias Múltiples de Gardner. En la sección 3, pre-

sentamos de manera sucinta las técnicas de minería de datos a utilizar. Posteriormente 

en la sección 4 se muestra los procesos realizados para la preparación de los datos, y 

en la sección 5 se muestran los experimentos realizados y los resultados obtenidos. 

Finalmente, en la sección 6 se dan las conclusiones y el trabajo futuro, respectivamen-

te. 

2 Inteligencias múltiples 

La teoría de las Inteligencias Múltiples de Howard Gardner menciona que cada 

persona tiene diferentes capacidades y habilidades para resolver problemas o elaborar 

productos de gran valor en un determinado contexto comunitario o cultural, y define 

esas capacidades como inteligencias. Las definiciones de las inteligencias se muestran 

a continuación: 

 Lógica Matemática: se refiere a la habilidad para efectuar cálculos matemáticos y 

resolver problemas. 

 Lingüística-Verbal: esta habilidad trata con la facilidad de palabra, y comprender 

el orden y el significado de las palabras. 

 Musical Rítmica: facilidad para tocar un instrumento, cantar y escuchar. 

 Corporal Cinestésico: se refiere a la habilidad de tener coordinación corporal y 

buen equilibrio. 

 Visual Espacial: la facilidad de crear mapas e imágenes mentales. 

 Intrapersonal: trata acerca de plantearse metas, y reflexionar acerca de sus habili-

dades personales. 

 Interpersonal: se refiere a la habilidad de trabajar bien en equipo, ser empáticos, y 

puede identificar y superar problemas. 

De acuerdo al estudio realizado por Gardner, cada perfil profesional requiere del 

desarrollo de una determinada inteligencia. En la tabla 1, se muestran las siete inteli-

gencias, la clave para referirse a cada una, y el perfil profesional recomendado [6]. 

Por otro lado, existen investigaciones en las que se utilizan las inteligencias múlti-

ples, tal es el caso de la Universidad Complutense de Madrid que requería saber cuá-

les eran las capacidades, habilidades y destrezas de los estudiantes de las licenciaturas 

de Periodismo, Comunicación audiovisual, Publicidad y Relaciones Públicas. Se apli-

caron los test a los alumnos de diferentes carreras y se encontró que los estudiantes de 

Periodismo mostraron altos niveles de inteligencia Lingüística-Verbal, los de Comu-

nicación Audiovisual altos niveles de inteligencia Visual-Espacial, Musical y los de 
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Publicidad y Relaciones Públicas un mejor resultado en la inteligencia Interpersonal 

[5]. 

Tabla 1. Perfiles profesionales para cada una de las 7 inteligencias múltiples y clave. 

Inteligencia múltiple Clave Perfil profesional 

Lógica-Matemática ILM Economistas, ingenieros, científicos. 

Lingüística-Verbal ILV Líderes políticos o religiosos, poetas y escritores. 

Musical-Rítmica  IMR Músicos, compositores y críticos musicales. 

Corporal-Cinestésico  ICK Escultores, cirujanos, actores, bailarines, depor-

tistas y atletas. 

Visual-Espacial IVE Artistas, fotógrafos, arquitectos, diseñadores y 

publicistas. 

Intrapersonal INTRA Psicólogos y sociólogos. 

Interpersonal INTER Administradores, docentes, psicólogos y terapeu-

tas. 

 

Otro de los estudios consistió en identificar la relación que tienen las inteligencias 

múltiples con los estilos de aprendizaje de los estudiantes, para ello se aplicó el test de 

las inteligencias múltiples (con una escala del 1 a 5) y el inventario de estilos de 

aprendizaje (divergentes=D, convergentes=C, asimilador=AS y acomodadores=CA) 

obteniendo 231 reglas que servirán para predecir el estilo de aprendizaje nuevos estu-

diantes [13].  

En el presente trabajo, nuestro interés se centra en saber si es posible determinar el 

desempeño de un alumno en las unidades de aprendizaje del área de las ciencias bási-

cas y matemáticas, y comprobar que para esta área debe haber mayor predominio de 

la inteligencia lógica-matemática. A continuación se presentan las técnicas de minería 

de datos a utilizar para dicho propósito.  

 

3 Técnicas de minería de datos 

 

Existen varios trabajos de clasificación del desempeño escolar que utilizan algo-

ritmos de minería de datos, algunos utilizan árboles de decisión y otros métodos baye-

sianos [2] [14] [15][16]. En nuestro caso, los algoritmos a utilizar C4.5 y Naïve Bayes 

pertenecen a lista de los 10 mejores [12].  

Debido a que uno de nuestros intereses se centra en determinar si la inteligencia 

lógica matemática es la que más influye en el desempeño académico de los alumnos 

de ingeniería en sistemas y comunicaciones en el núcleo de las ciencias básicas y 

matemáticas, decidimos utilizar un árbol de decisión. Lo anterior, debido a que los 

árboles de decisión, utilizan para su construcción una estrategia de “divide y ven-

cerás” es decir, los árboles se construyen de arriba hacia abajo partiendo de un nodo 

raíz [7]. Dicho nodo raíz representa al atributo que da la mayor ganancia, de ahí que 
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al emplearlo, nos permite determinar cuál de todas las inteligencias es la más influ-

yente.  

 

Por otro lado, la naturaleza numérica de los datos nos obliga a utilizar algoritmos 

que puedan procesarlos, tal es el caso del algoritmo c4.5 desarrollado por J. Ross 

Quinlan en 1993 como una mejora del ID3 [8]. 

Por otro lado, al tomar en cuenta la naturaleza de las inteligencias, sería válido 

considerarlas como independientes y de ahí que resulte interesante aplicar una técnica 

basada en la probabilidad condicional de Bayes, tal es el caso del algoritmo Naïve 

Bayes que considera que todos los atributos influyen de la misma manera. 

La metodología empleada para realizar el presente trabajo es el modelo KDD 

(Knowledge Discovery in Databases) que consiste esencialmente en el proceso de 

preparación de datos, el proceso de minería de datos y la validación de resultados [7] 

[8] [16] [18]. Para el proceso de minería de datos utilizamos el software WEKA de la 

universidad de Waikato, Nueva Zelanda, el cual es una herramienta de minería de 

datos de distribución libre para la obtención de los modelos de clasificación [3] [17]. 

 

4 Datos y su preparación 

 

Para poder realizar el presente trabajo, fue necesario aplicar el test de Inteligencias 

Múltiples de Howard Gardner a los alumnos del Centro Universitario UAEM Valle de 

México, específicamente a los alumnos de la carrera de Ingeniería en Sistemas y Co-

municaciones. El test de IM está conformado por 70 preguntas que se responden con 

una escala del uno al cinco. Hay 10 preguntas para cada una de las siete inteligencias. 

Además de estas preguntas, cada test va acompañado de un formulario donde se 

solicitan los datos de identificación del estudiante, tanto personales (nombre, edad y 

sexo), así como académicos (matrícula, grupo, semestre y estatus académico). La 

información anterior se relacionó con las calificaciones obtenidas en el periodo ante-

rior cursado. 

Dentro los atributos a utilizar además de las inteligencias múltiples, están las uni-

dades de aprendizaje que comprenden el Área de las Ciencias Básicas y Matemáticas 

así como el semestre en que se imparte.  

En cuanto a la limpieza de los datos, se eliminaron aquellos registros de los alum-

nos que no completaron el test de las IM. También los de aquellos que completaron el 

test pero no cursaron una unidad de aprendizaje se descartaron al momento de realizar 

la minería de datos para esa unidad de aprendizaje en particular. 

En la tabla 3 se muestra el registro de un alumno que no completó el test de IM pe-

ro si curso sus materias correspondientes al tercer semestre; por otro lado, en la tabla 

4 el alumno si completo su test de IM pero no curso la materia de métodos numéricos. 

Cabe mencionar que las calificaciones de cada unidad de aprendizaje están en valo-

res numéricos y se transformaron a valores nominales de acuerdo a la escala de la 

tabla 5.  
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Tabla 2. Asignaturas que comprenden el núcleo las Ciencias Básicas y Matemáticas 

Semestre Asignatura N° de alumnos 

1 Álgebra y Geometría Analítica 58 

1 Estática y Dinámica 58 

2 Química 58 

2 Álgebra lineal 56 

2 Cálculo diferencial e integral 58 

3 Matemáticas discretas 44 

3 Ecuaciones diferenciales 43 

3 Métodos numéricos 42 

4 Lógica matemática 43 

4 Cálculo vectorial 39 

4 Electromagnetismo 43 

4 Probabilidad y estadística 43 

Tabla 3. Datos de inteligencias múltiples incompletos 

 

Tabla 4. Alumno que no curso una unidad de aprendizaje 

 
 

Tabla 5. Transformación de valores numéricos a nominales. 

Referencia numérica Nivel de desempeño 

8 a 10 A 

Menor a 8 B 
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5 Experimentos y resultados 

El primer experimento se realizó con 585 instancias que representan a los alumnos 

que tomaron una o más unidades de aprendizaje del núcleo de las ciencias básicas y 

matemáticas. De estos, 210 pertenecen a la clase A y 375 a la clase B. Se aplicaron 

los algoritmos C4.5 (J48 en el software Weka) y Naïve Bayes. En ambos casos se 

utilizó la validación cruzada con 10 particiones, la cual consiste en utilizar el 90% de 

los datos para entrenar y el 10% restante para validar; repitiendo este proceso 10 ve-

ces [16]. 

Como podemos apreciar en la tabla 6, los resultados obtenidos por ambos algorit-

mos en cuanto a la eficiencia del clasificador, no difieren por mucho. Sin embargo, el 

árbol de decisión resulta mejor.  

Tabla 6. Comparación de algoritmos 

Área 
Árbol de Decisión (C4.5) Naïve Bayes 

Correctas Incorrectas Correctas Incorrectas 

Ciencias básicas y matemáticas 66.1538 % 33.8462% 61.8803% 38.1197% 

 

En la figura 1, se muestra el árbol obtenido al aplicar el algoritmo C4.5 a los datos, 

se puede apreciar que el nodo raíz ILM, hace referencia a la inteligencia lógica ma-

temática, lo que nos indica que este atributo fue el que proporcionó la mejor ganancia 

al momento de construir el árbol, y concuerda con los resultados que se esperaban. 

 

Otra situación que podemos observar es que la inteligencia lógica matemática por 

sí sola no es suficiente para determinar la clase de desempeño que tendrá un alumno, 

podemos observar esto en las ramas más cortas del árbol donde al menos son dos las 

inteligencias que se utilizan.  

Por poner un ejemplo para la clase A, veamos la rama más corta que se encuentra 

del lado derecho del árbol, esta rama nos indica que si la inteligencia lógica matemá-

tica es mayor a 46 y la intrapersonal es menor o igual a 42, el desempeño del alumno 

será A, es decir que tendrá un promedio entre 8 y 10 en unidades del núcleo. 

Para el caso de la clase B, veamos la rama del camino más largo que termina en el 

nodo B(101/18). En este caso particular, la lectura sería que si la inteligencia lógica 

matemática es menor o igual a 46 y la inteligencia cinestésica es mayor a 35, y la 

visual espacial es mayor a 36 entonces debemos revisar nuevamente la inteligencia 

lógica matemática, si es menor o igual a 39 entonces el desempeño del alumno en 

materias del núcleo de las ciencias básicas y matemáticas será menor a 8. 

También es posible observar que las inteligencias musical rítmica (IMR) y lingüís-

tica verbal (ILV) no aparecen en ninguna parte del árbol. Lo que significa que no son 

relevantes para las unidades de aprendizaje del núcleo básico. 

Si bien este primer experimento nos permite ver, a grosso modo, cuál será el des-

empeño de un alumno en las unidades de aprendizaje, no nos permite determinar qué 

ocurrirá en una unidad de aprendizaje particular, por lo que decidimos realizar un 

segundo experimento en el cuál se realiza la minería de datos a cada unidad. Los algo-
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ritmos empleados en este segundo experimento siguen siendo C4.5 y Naïve Bayes. 

Los resultados obtenidos se muestran en la tabla 7, en ella se puede observar que el 

algoritmo C4.5 tiene mejor desempeño que el de Bayes, con excepción de la unidad 

de electromagnetismo. 

 

 

Fig. 1. Árbol generado por el algoritmo C4.5 para el núcleo de Ciencias básicas y Matemáticas. 

Tabla 7. Resultados de los algoritmos C4.5 y Naïve Bayes.   

Unidad de Aprendizaje 
Árbol de Decisión (C4.5) Naïve Bayes 

Correctas Incorrectas Correctas Incorrectas 

Matemáticas Discretas 68.18% 31.82% 61.36% 38.64% 

Electromagnetismo 58.14% 41.86% 62.79% 37.21% 

Estática y Dinámica 68.97% 31.03% 56.90% 43.10% 

Probabilidad y estadística 74.42% 25.58% 51.16% 48.84% 

Química 53.45% 46.55% 51.72% 48.28% 

Álgebra lineal 51.79% 48.21% 50.00% 50.00% 

Álgebra y geometría analítica 100.00% 0.00% 100.00% 0.00% 

Lógica matemática 62.79% 37.21% 53.49% 46.51% 

Métodos numéricos 78.57% 21.43% 57.14% 42.86% 

Cálculo vectorial 66.67% 33.33% 64.10% 35.90% 

Ecuaciones diferenciales 55.81% 44.19% 46.51% 53.49% 

Cálculo diferencial e integral 56.90% 43.10% 46.55% 53.45% 
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Podemos observar en la tabla 7, que la unidad de aprendizaje de Álgebra y geo-

metría analítica tiene un 100%, esto se debe a que ningún alumno obtuvo 8 o más.  

 

 

Fig. 2. Árboles para las unidades de aprendizaje del tercer semestre. 

Por otro lado, vale la pena recordar que algunas de las unidades de aprendizaje se 

imparten en el mismo semestre, por lo que los mismos valores de inteligencias múlti-

ples se utilizan para clasificar resultados de unidades de aprendizaje diferentes. Por 

ejemplo, en la figura 2 se muestra que para ecuaciones diferenciales las inteligencias 

relevantes son lógica matemática, inteligencia visual espacial, y la musical rítmica 

mientras que para matemáticas discretas, la única inteligencia a considerar es la lin-

güística verbal. En el caso de métodos numéricos las que más afectan son la musical 

rítmica y la cinestésica. 

6 Conclusiones y trabajo futuro 

Una de las principales conclusiones, es que sí es posible obtener un modelo que 

permita clasificar el desempeño académico de un alumno basándose en las inteligen-

cias múltiples, y que una de las inteligencias más influyente es la inteligencia lógica 

matemática. Sin embargo, el desempeño no es el mejor, consideramos que en el mo-

mento que tengamos más datos en nuestra base, podremos tener mejores desempeños 

e incluso ampliar los intervalos de calificación. 

Consideramos de suma importancia aplicar las encuestas cada semestre para llevar 

un seguimiento histórico de la evolución de las inteligencias desde que el alumno 

ingresa hasta el término de su carrera. Esto permitirá generar clasificadores no solo 

para el área de las ciencias básicas y matemáticas sino también en las áreas de la in-

geniería aplicada, ciencias de la ingeniería, y ciencias sociales y humanidades.  

Como trabajo futuro queda el desarrollo de una herramienta que utilice los modelos 

generados y permita realizar la clasificación de un estudiante en dos niveles, primero 

a nivel macro determinando su desempeño en general en el núcleo de materias en 
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particular y luego a nivel micro, generando el detalle del desempeño en una materia 

dada. 
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3 Universidad Politécnica de Puebla, Tercer Carril del Ejido Serrano s/n San Mateo Cuanalá.
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Abstract. Generally, the attitude estimation and the measurement of the angular

velocity are a requirement for the attitude control. As a result, the computational

cost and the complexity of the control loop are relatively high. In the present pa-

per, a technique for attitude stabilization is proposed. The rigid body orientation

is modeled with quaternion, which eliminates attitude estimation singularities.

The real-time implementation is done unifying a quaternion error formulation of

Wahba’s and a nonlinear observer. It includes the gyro bias model. A quaternion

measurement model is introduced. It avoids the linearization step that induces

undesirable effects. The global convergence of the proposed technique is proved.

Simulations with some robustness tests are performed.

Keywords: Quaternion, Attitude, Stabilization, Nonlinear Observer, Robot Mo-

bile, MEM’s

1 Introduction

Underactuated mechanical systems are systems that have fewer control inputs than con-

figuration variables. Underactuated systems appear in a broad range of applications

including Robotics, Aerospace Systems, Marine Systems, Flexible Systems, Mobile

Systems, and Locomotive Systems. The ”underactuation” property of under actuated

systems is due to the following four reasons [1]: i) dynamics of the system (e.g. aircraft,

spacecraft, helicopters, underwater vehicles, locomotive systems without wheels), ii)

by design for reduction of the cost or some practical purposes (e.g. satellites with two

thrusters and flexible-link robots), iii) actuator failure (e.g. in a surface vessel or air-

craft), iv) imposed artificially to create complex low-order nonlinear systems for the

purpose of gaining insight in control of high-order underactuated systems (e.g. the Ac-

robot, the Pendubot, the Beam-and-Ball system, the Cart-Pole system, the Rotating

Pendulum, the TORA system).
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A fundamental requirement for an autonomous vehicle is its ability to localize itself

with respect to its environment. Navigation on a flat and horizontal ground only requires

estimations of position and heading. However, in many cases, the environment is not so

well structured, and the angular orientation of the vehicle may change along its path. In

this case, a real time estimation of the attitude may be necessary.

The attitude estimation of an autonomous vehicle is a subject that has attracted a

strong interest the last years. In addition to traditional attitude estimation in aerospace

and automobile communities, the reduced cost of MEMS inertial sensors has spurred

new applications in robotics [1], virtual reality [3] and biomechanics [2]. Furthermore,

the increasingly interest in Unmanned Aerial Vehicles (UAVs) [4] has motivated the de-

velopment of low cost, lightweight and low-power consumption Attitude and Heading

Reference Systems (AHRS) and backup attitude indicators. An AHRS is composed of

inertial and magnetic sensors, namely, three rate gyros, three accelerometer and three

magnetometers, orthogonally mounted such that the sensor frame axes coincide with

the body frame in question. In fact, an AHRS is an attitude estimator since the signal

sensors are coupled with a proper mathematical background. This attitude estimation

problem is described as following: Rate gyros provide continuous attitude information

with good short-term stability when their measurements are integrated.

The first one deals with a constraint least-square minimization problem proposed

firstly by Wahba [6],(see [7] pages 9-11 ) and [7].

The second approach is within the framework of the Extended Kalman Filter [8]

(EKF) or Additive Extended Kalman Filter (AEKF) [9].

The third approach issues from nonlinear theory, and non linear observers are ap-

plied to the attitude determination problem [10], [12], [13]. In this approach, the con-

vergence of the error to zero is proved in a Lyapunov sense.

In this paper, an attitude estimator using quaternion representation is studied. Here

a novel method for solving Wahba’s problem is used. This method allows to find an

quaternion from the measures provided by an Attitude and Heading Reference Sys-

tems (AHRS), the error between current and desired orientations is directly determined

thanks to the measurements of the reference vectors delivered by the body’s sensors.

The present paper is organized as follows. In section 2 a quaternion-based formu-

lation of the orientation of rigid body is given. The problem statement is formulated in

section 3. The control law and attitude’s estimation is presented in section 6. Simulation

results are given in section 7. The paper ends with some concluding remarks given in

section 8.

2 Mathematical Background

The attitude of a rigid body can be represented by a unit quaternion, consisting of a unit

vector e, known as the Euler axis, and a rotation angle β about this axis. The quaternion

q is then defined as follows:

q =

(

cos
β
2

esin
β
2

)

=

(

q0

q

)

∈ H (1)
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where

H = {q | q2
0 +qT q = 1,

q = [q0qT ]T ,q0 ∈ R, q ∈ R3}
(2)

q = [q1 q2 q3]
T and q0 are known as the vector and scalar parts of the quaternion

respectively. In attitude control applications, the unit quaternion represents the rotation

from an inertial coordinate system N(xn,yn,zn) located at some point in the space (for

instance, the earth NED frame (North, East, Down)), to the body coordinate system

B(xb,yb,zb) located on the center of mass of a rigid body.

If r is a vector expressed in N, then its coordinates in B are expressed by:

b = q̄⊗ r⊗q (3)

where b = [0 bT ]T and r = [0 rT ]T are the quaternions associated to vectors b and r

respectively. ⊗ denotes the quaternion multiplication and q̄ is the conjugate quaternion

of q, defined as:

q̄ = [q0 −qT ]T (4)

The rotation matrix C(q) corresponding to the attitude quaternion q, is computed as:

C(q) = (q2
0 −qT q)I3 +2(qqT −q0[q

×]) (5)

where I3 is the identity matrix and [ξ×] is a skew symmetric tensor associated with the

axial vector ξ :

[ξ×] =





ξ1

ξ2

ξ3





×

=





0 −ξ3 ξ2

ξ3 0 −ξ1

−ξ2 ξ1 0



 (6)

Thus, the coordinate of vector r expressed in the B frame is given by:

b =C(q)r (7)

The attitude error is used to quantify the mismatch between two attitudes.

qe = q⊗q−1
d (8)

⊗ denotes the quaternion multiplication and q−1
d is the complementary rotation of the

quaternion qd , which is the quaternion conjugate (see ([5]) for more details).

The attitude dynamics of a rigid body is described by

Jω̇ =−ω × Jω +Γ (9)

where J ∈ R3×3 is the symmetric positive definite constant inertial matrix of the rigid

body expressed in the B frame and Γ ∈ R3 is the vector of control torques. Note that the

torque also depend on the environmental disturbance (aerodynamic, gravity gradient,

etc.).
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3 Problem Statement

In the case of the attitude estimation, one seeks to estimate the attitude and accelera-

tions of a rigid body. From now on, it is assumed that the system is equipped with a

tri-axis accelerometer, three magnetometer and three rate gyros mounted orthogonally.

In this section we describe the body’s kinematic of the model [15], our typical capture

configuration relies primarily on the Robot of figure 1 equipped with two 6 inch diam-

eter wheels driven by 1 DC gear head motors. The mechanical model (seen in figure 1,

is based on single pinion architecture suitable for light vehicles and consists of follow-

ing elements: a steering rack, a steering column coupled to the steering rack through a

pinion gear, and the assist motor. Tie-rods connect the steering rack to the tires.

Fig. 1. Mobile Robot

The equation describing the relation between the quaternion and the body’s kine-

matic is given in introducing the angular variation ω = [ωx ωy ωz]
T

from this, it fol-

lows.

q̇ =
1

2
Ω(ω)q(t) =

1

2
Ξ(q)ω(t) (10)

Where Ω(ω) y Ξ(q) are defined as:

Ω(ω)≡











−[ω×]
... ω

. . .
... . . .

−ωT
... 0











(11)

Ξ(q)≡





q0I3×3 +[q×]
. . . . . . . . . . . .

−qT



 (12)

66   Advances in Computing Science



The matrix [ω×] and [q×] are obtained by the cross product issue of a×b = [a×]b
con [a×] ∈ R3×3 :

[a×] =





0 −a3 a2

a3 0 −a1

−a2 a1 0



 (13)

The quaternion must be:

qT q = qT q+q2
0 = 1 (14)

In the other hand, the matrix Ξ(q) has the relation:

Ξ T (q)Ξ(q) = qT qI3×3

Ξ (q)Ξ T (q) = qT qI4×4 −qT q

Ξ T (q)(q) = 03×1

(15)

Generally Ξ T (q)λ =−Ξ T (λ )q, for any λ ∈ H .

C(q)= (q2
0 −qT q)I3×3 +2qqT

−2q0[q×]
(16)

that is denoted like the orientation matrix 3-D of dimension 3×3.

The angular velocity ω is obtained by finite differences from equation (10) at the

instants k and k−1 (k estimation instant).

ω = 2Ξ T (q)q̇ (17)

ω = 2Ξ T (q)∗

(

q(k)−q(k−1)

T s

)

(18)

4 Modeling sensors

In application of inertial and magnetic sensors, the inertial coordinate frame N is cho-

sen to be the NED coordinate frame. In this work the origin of N is located at San Luis

Potosı́, México (GPS : 22◦36′12′′N 100◦25′ 47′′W ). The ”reference vectors” are the

gravitational and magnetic vectors, which are well known. The ”vectors observations”,

i.e. the gravitational and magnetic vectors expressed in the body frame B, are obtained

from an tri-axis accelerometer and a tri-axis magnetometer sensors. The angular veloc-

ity is obtained from three rate gyros orthogonally mounted.

4.1 Rate Gyros

The angular velocity ω = [ω1 ω2 ω3]
T is measured by the rate gyros, which are sup-

posed to be orthogonally mounted. The output signal of a rate gyro is influenced by

various factors, such as bias drift and noise. In the absence of rotation, the output signal

can be modeled as the sum of a white Gaussian noise and of a slowly varying function,

an integration process is required in order to obtain the current attitude quaternion.
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The kinematics equation is given by:

(

q̇0

q̇

)

=
1

2

(

−qT

I3q0 +[q×]

)

ω

=
1

2
Ξ(q)ω

(19)

Even the smallest variation of the rate gyro measurement will produce a wrong

estimation of the attitude . The bias is denoted by ν , belonging to space R3. The rate

gyro measurements are modeled by [14]:

ωG = ω +ν +ηG (20)

ν̇ = −T−1ν +ην (21)

where ηG and ην ∈ R3 are supposed by Gaussian white noises and T = τI3 is a

diagonal matrix of time constants. In this case, the constant τ which has been set to

τ = 100 s. The bias vector ν will be estimated online, using the observer presented in

the following section.

4.2 Accelerometers

Since the 3− axis accelerometer is fixed to the body, the measurements are expressed

in the body frame B. Thus, the accelerometer output can be written as:

bA =C(q)(a−g)+ηA (22)

where g = [0 0 g]T and a ∈ R3 are the gravity vector and the inertial accelerations

of the body respectively. Both are expressed in frame N. g = 9.81 m/sec2 denotes the

gravitational constant and ηA ∈ R3 is the vector of noises that are supposed to be white

Gaussian.

4.3 Magnetometers

The magnetic field vector hM is expressed in the N frame it is supposed to be hM =
[hMx 0 hMz ]

T . Since the measurements take place in the body frame B, they are given

by:

bM =C(q)hM +ηM (23)

where ηM ∈ R3, denotes the perturbing magnetic field. This perturbation vector is sup-

posed to be modeled by Gaussian white noises.

5 Attitude’s Estimation and Prediction

The attitude estimator uses quaternion representation. Two approaches are jointly used,

namely a estimation with a constraint least-square minimization technique and a pre-

diction of the estate at the instant k. The prediction is performed in order to produce

a pseudo-estimate of the accelerations and the attitude quaternion. This prediction is
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driven by a estate which is obtained from the quaternion propagated through the kine-

matic equation and the one obtained via the constraint minimization problem.

In this paper a optimization criteria that take in account the evolution of the attitude

state via determination of x = [q0,q1,q2,q3,ax,ay,az]
T in the function f (x) is proposed.

The minimum error is chosen, but it takes in account the prediction of the state x̂ and the

coefficients of weight for the estate µ and the measures estimated ( MesEstimated =
MS) at the instant k.

f (x) = 1
2
[µ(∑n

j=1(MesEstimated − vmes( j))2)

+(1−µ) ‖ (x̂− x) ‖2
2]

(24)

with qT q−1 = 0

The process of Estimation and Prediction needs the determination of their gradient

gq,ga and their Hessian Hq,Ha.

Hq =

[

∂ 2 f

∂q2
·

∂q

∂x

]T

(25)

∂gq

∂a
=











2
3

∑
j=1

(

2
(

qT MS jq− vmes( j)
) ∂MS j

∂MS1
q+qT ∂MS j

∂MS1
qMS jq

)

2
3

∑
j=1

(

2
(

qT MS jq− vmes( j)
) ∂MS j

∂MS2
q+qT ∂MS j

∂MS2
qMS jq

)











. (26)

Similarly, is the obtention for the gradient of the state for the case of acceleration.

Finally, the total Gradient is obtained by the fusion between the calcule show for

the quaternion case an the gradient omitted for the acceleration case.

F(x) =





Hq
∂gq

∂a
∂ga

∂x
Ha



 (27)

For the prediction’s process of x̂, several technique have been validated, for purpose

of simplicity, the prediction via spline is chosen. Cubic spline is a spline constructed

of piecewise third-order polynomials which pass through a set of n control points. The

second derivative of each polynomial is commonly set to zero at the endpoints, since

this provides a boundary condition that completes the system of n− 2 equations. This

produces a so-called ”natural” cubic spline and leads to a simple tridiagonal system

which can be solved easily to give the coefficients of the polynomials. However, this

choice is not the only one possible, and other boundary conditions can be used instead.

Suppose we are given n+1 data points (x̂k,MSk) such that.

a = x0 < .. . < xn, Then the coefficients of the vector µ exists cubic polynomials

with coefficients µ j,i 0 ≤ i ≤ 3 such that the following hold.

1. µ(x̂) = µ j(x̂) = ∑
3
j=0(x̂− x j)

i∀x̂ ∈ [x̂− x j+1]0 ≤ k ≤ n−1

2. µ(x j) = yk 0 ≤ k ≤ n−1

3. µ j(x j+1) = µ j+1(x j+1) 0 ≤ k ≤ n−2
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4. µ ′
j(x j+1) = µ ′

j+1(x j+1) 0 ≤ k ≤ n−2

5. µ ′′
j (x j+1) = µ ′′

j+1(x j+1) 0 ≤ k ≤ n−2

So we see that the cubic spline not only interpolates the data (x̂k,MSk) but matches

the first and second derivatives at the knots. Notice, from the above definition, one is free

to specify constraints on the endpoints. The end point constraint µ ′′(a) = 0 µ ′′(b) = 0

is chosen.

The estimation of the torque is part of another work that is in process and only we

present his basic model. Since the driver torque is not measured, we introduce another

estimator for ΓMot = Γ ,

Essentially, the estimated value of the driver torque is

Γiest = G(−1)(ΓLZ(z)−H(z).ΓMot(z)) (28)

Where ΓLZ is the torque in the steering column part and ΓMot is the assist motor

torque. In order that G(−1) can be physically realizable (numerator degree of the transfer

function is always less or equal than denominator degree), it is necessary to introduce a

correction transfer function Gc(z) to maintain the properness. With this correction, the

inverse transfer function becomes

Γiest = G(−1) ∗Gc(z)∗ (ΓLZ(z)−H(z).ΓMot(z)) (29)

6 Nonlinear attitude observer

The attitude nonlinear observer that includes the bias and the error update is given by:

˙̂q =
1

2
Ξ(q̂) [ωG − ν̂ +K1ε] (30)

˙̂ν = −T−1ν̂ −K2 ε (31)

where T has been defined in (21) and Ki, i = 1,2 are positive constant parameters. q̂ is

the prediction of the attitude at time t. It this obtained via the integration of the kine-

matics equation (30) using the measured angular velocity ωG, the bias estimate ν̂ and

ε = qe which is the vector part of the quaternion error qe. Remember that qe measures

the discrepancy between q̂ and the pseudo-measured attitude qps (32). In this paper, qps

is obtained thanks to an appropriate treatment of the accelerometer and magnetometer

measurements.

Combining (19),(21), (30) and (31) the error model is expressed as:

q̇e =
1

2

(

0 γT

−γ [2ω×]+ [γ×]

)(

qe0

qe

)

(32)

˙̃ν = −T−1ν̃ +K2 ε (33)

where γ = ν̃ +K1ε , and ν̃ = ν − ν̂ . The system (33)-(32) admits two equilibrium points

(qe0
= 1 qe = 0 ν̃ = 0) and (qe0

=−1 qe = 0 ν̃ = 0). This is due to fact that quaternions

q and −q represent the same attitude. From (1), one obtains:

qe0
= 1 ⇒ β = 0

qe0
= −1 ⇒ β = 2π (generally 2nπ)
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7 Validation

In this section, some simulation results are presented in order to show the performance

of the proposed control laws. A rigid body with low moment of inertia is taken as the

experimental system. In fact, the low moment of inertia makes the system vulnerable to

high angular accelerations which proves the importance to apply the control.

 

Estimation and Prediction of the Acceleration Estimation and Prediction of the Quaternion

Fig. 2. Validation de Movements

The proposed technique is compared to the existing methods (namely, the Multi-

plicative Extended Kalman Filter (MEKF) and the Additive Kalman Filter (AEKF)).

Initial conditions are set to extreme error values in order to assess the effectiveness of

attitude estimation. These results are depicted in figures 2.

8 Conclusion and future works

In this paper, a control law for the global stabilization of a rigid body was proposed.

The presented methodology is especially simple. It is based on quaternion error and

a nonlinear observer the attitude is parameterized by the unit quaternion. Furthermore,

the proposed approach can be extended to the stabilization of a pico-satellite or a micro-

satellite. Remain to perform several validations in the robot mobil and to those provided

by a vision-based human motion capture system that will be used as a reference atti-

tude estimation system and embebed in robots to assist people and improve human

performance in daily and task-related activities, focusing in particular on populations

with special needs, including those convalescing from trauma, rehabilitating from cog-

nitive and/or physical injury, aging in place or in managed care, and suffering from

developmental or other social, cognitive, or physical disabilities. Another application
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desired for the presented approach is the stabilization of micro-satellite and UAV, sim-

ulations using the dimension and the actuator characteristics of a pico-satellite and a

micro-satellite and to compare the proposed approach with other control schemes.
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Control de un Péndulo Invertido sobre un Carro 
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Resumen. Se presenta una arquitectura que permite embeber un sistema de 

control no lineal difuso sobre un FPGA de Xilinx XC3S500E. Este tiene el ob-

jetivo de controlar al péndulo invertido sobre un carro. El modelo difuso y los 

conjuntos de membresía difusos propuestos tienen como objetivo estabilizar al 

sistema en la posición vertical. Se describe en Verilog y VHDL el  modelo. Este 

modelo es comparado con la respuesta generada por los sistemas difusos simu-

lados en Matlab y la simulación del comportamiento generada en Isim de 

Xilinx, obteniendo resultados exitosos. La frecuencia máxima del controlador 

es 24.17 MHz la cual es tomada del resumen de ISE. 

Palabras clave: Control difuso embebido, FPGA, lenguajes de descripción de 

hardware, péndulo invertido sobre carro. 

1 Introducción

Un sistema embebido envuelve cómputo, pero este no es su principal objetivo. Por 

otro lado la lógica difusa tiene un amplio rango de aplicaciones y entonces el hilo 

común que une todas esas aplicaciones es que un experto (operador humano) puede,  

al menos en un principio, ejecutar la tarea requerida. Sin embargo, cuando el modelo 

matemático es demasiado complicado para tener un uso práctico, un modelo lingüísti-

co llega a ser ventajoso [1]. El sistema del péndulo invertido es del tipo lazo abierto 

inestable pues se necesita un tipo de control para mantener al péndulo en la posición 

vertical [2]. Existen numerosas aplicaciones embebidas de lógica difusa para control 

de sistemas mecánicos [3, 4, 5]. La presente investigación se basa en la implementa-

ción de un sistema de Control Difuso para resolver el problema conocido del péndulo 

invertido sobre un carro. Los bloques fundamentales del sistema Difuso embebido se 

describen en los principales Lenguajes de Descripción de Hardware (HDL): Verilog 

yVHDL. Se  utiliza la técnica de Modulación por Ancho de Pulso descrito dentro del 
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sistema embebido en HDL para otorgar la ley de control adecuada a la etapa de po-

tencia electrónica, misma que hace trabajar a un motor de corriente directa que fun-

ciona como actuador principal para estabilizar la posición del péndulo invertido. Se 

utiliza un FPGA de la familia de Xilinx Spartan XC3S500E y la tarjeta de desarrollo 

Spartan 3E [16].  

2 Estructura del sistema 

El objetivo principal de este desarrollo tecnológico es embeber en HDL un sistema 

difuso que sea capaz de estabilizar al péndulo invertido que se encuentra montado 

sobre un carro, esa es la idea de forma general. En esta sección se explica cada una de 

las etapas que conforman al sistema, y la Figura 1 muestra el diagrama de bloques 

general empleado. 

Fig. 1. Diagrama de bloques del sistema diseñado para el control del péndulo invertido.

La primera etapa permite la medición de nuestra variable de posición angular del 

péndulo. Se acopla mecánicamente al péndulo un potenciómetro y para asegurar que 

la medición fuese lo más exacta posible se decide utilizar un potenciómetro de preci-

sión industrial de la empresa BI-Technologies. Este sensor tiene una sensibilidad  

adecuada debido a que es construido de plástico conductivo. La segunda etapa permi-

te la conversión AD del dato proveniente del potenciómetro y es convertido a su reso-

lución de 8 bits. Se utiliza el microcontrolador PIC16F887 [16] para realizar opera-

ción de conversión analógica digital. La etapa 3 llamada de Control es donde se en-

cuentra embebido el Sistema Difuso en sus tres etapas: fuzzificación, inferencia y 

defuzzificación y una etapa extra para realizar la derivada de la señal de error. 

Finalmente, la señal defuzzificada es interpretada y convertida a su correspondien-

te señal PWM con salida de 0 a 5 volts, la cual se direcciona a  una frecuencia mayor 

a 20 KHz hacia una tarjeta de potencia MD03 de la empresa Robot Electronics [15] 

para controlar al péndulo invertido.

2.1 Definición de la conversión y de la derivada 

En la literatura se encuentra la forma de hacer discreto el controlador PID. En la 

presente investigación se toma en cuenta el enfoque de [14] para describir la función 

que realiza la derivada del error en forma discreta. Siendo específicos, de la ecuación 

74   Advances in Computing Science



(1) correspondiente al controlador PID discreto, se toma la parte derivativa y se des-

cribe según la Figura 2, donde  es la constante derivativa y  es el error medido. 

 (1) 

Fig. 2. Código generado en Verilog que describe la derivada del error. 

2.2 Descripción del módulo PWM en VHDL

El módulo PWM se encarga de tomar los 8 bits de salida correspondientes al cálcu-

lo del valor de la etapa de defuzzificación, por medio del uso de la técnica del prome-

dio de los centros se  genera el pulso PWM a una frecuencia de 20 KHz que es envia-

do al módulo MD03 que controla el motor de CD, mismo que posiciona al carro para 

estabilizar al péndulo. Para lograr conseguir el pulso PWM mediante lenguajes de 

descripción de hardware, se ha tomado la técnica reportada en [6], donde se utiliza un 

contador y un comparador para generar el pulso con el ancho deseado a la frecuencia 

deseada. Por lo general, todo sistema que procesa información binaria para controlar 

un proceso analógico requiere una etapa de entrada analógica digital y una etapa de 

salida digital analógica (convertidores ADC y DAC). Para reducir costos en los dise-

ños que no requieren alta resolución en la etapa de salida, es posible sustituir el DAC 

por un algoritmo de Modulación por Ancho de Pulsos (PWM). Una unidad PWM 

permite asignar cierta duración de tiempo en alto o en bajo a un dato digital de n bits, 

misma  que se considera la salida de la etapa de defuzzificación. Lo anterior se logra 

conectando un contador y un circuito comparador, tal y como se aprecia en la Figura 

3. La Figura 4 muestra un extracto de código en VHDL para conseguir generar el 

PWM según la descripción dada anteriormente. 

Fig. 3.   Diagrama general del módulo que genera el pulso PWM en VHDL. 

 always @(clk)  //D=Kd*[ e(n) - e(n-1) ] 

begin  

en=entrada; // e(n) 

en_1=en; // e(n-1) 

sal=Kd*(en-en_1); 

end 
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Fig. 4. Extracto de código que describe al módulo PWM. 

2.3 Carro péndulo invertido

Recientemente, muchos sistemas robóticos diseñados con péndulo invertido sobre 

ruedas (WIP2) tales como el Segway PT y el Segway para Robonautas (Robot astro-

nautas de la NASA), han tenido gran popularidad en la comunidad de la disciplina de 

la Robótica [7]. 

El péndulo invertido sobre un carro, es un sistema clásico de control bien conocido 

y estudiado durante años; debido a que sirve como sistema de prueba para el desarro-

llo de nuevos algoritmos de control, principalmente de control de sistemas no lineales. 

El objetivo principal de este sistema es mantener estabilizado el péndulo, el cual 

se encuentra montado sobre un carro que tiene la capacidad de moverse libremente 

sobre el eje horizontal (véase Figura 5). Se han reportado varios enfoques de control 

clásico para el control del carro péndulo invertido, e incluso se han propuesto técnicas 

de control manejando el enfoque Lagrangiano, con el objetivo de manejar adecuada-

mente una función de energía, basada en una función de Liapunov para estabilizar 

dicho sistema no lineal [8]. Se conocen por igual técnicas de Control Neuronal [9] y 

técnicas de Control Difuso [10, 11, 12].  

En la teoría de control se requiere exactitud de los parámetros de la variable con-

trolada. Además, no aplica el modelo lineal cuando el péndulo tiene inclinaciones 

muy amplias. Por otro lado, el control basado en redes neuronales requiere de sucesi-

vas iteraciones con el objetivo de obtener el conocimiento necesario para su aprendi-

zaje. Sin embargo, en el Control Difuso, podemos usar reglas basadas en la experien-

cia para aproximar el control de una forma más precisa.

2  Por su siglas Wheeled Inverted Pendulum (WIP). 

cuenta_inicial: process (reloj, reset, sal, 
base, aux)  
begin          
if reset='0' then 
      base <= "0000000000000"; 
   elsif reloj='1' and reloj'event then 
         if base /=1 then          
               base <= base + 1; 
     sal <= '0'; 
         else 
               base <= "0000000000000"; 
     sal <= '1'; 
         end if; 
    end if; 
frec_25KHz <= sal; 

end process cuenta_inicial; 
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Fig. 5. Péndulo invertido construido para el laboratorio del CIC. 

3 Arquitectura del Controlador Difuso en HDL 

Las tres principales partes que conforman éste sistema de control descrito en HDL 

se muestra en la Figura 6.  

Fig. 6. Arquitectura difusa completa embebida en FPGA. A) Módulos de Fuzzificación, B), 

Módulos de inferencia difusa ó base de conocimiento, C) Módulo defuzificador.
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La etapa de fuzzificación se realiza a través de cálculos sucesivos para obtener el 

grado de membresía de la señal de entrada con respecto a las funciones de membresía

(FM), que en este caso fueron de la forma triangular y trapezoidal. En la entrada del 

sistema se tiene almacenada en memoria el punto de referencia para obtener una posi-

ción y derivada deseada para mantener al péndulo en la posición vertical. Lo anterior 

ayuda a obtener un error en la posición y un error en la derivada del error. El FPGA 

únicamente realiza la operación de diferencia entre la posición deseada y la posición 

medida, valor que es enviado hacia el microcontrolador que calcula su derivada y 

envía su valor hacia el FPGA. De esta forma se tienen las dos variables que van a ser 

fuzzificadas en HDL por el primer módulo. La Figura 7 muestra el diagrama del 

método descrito para el cálculo del valor de membresía de la señal fuzzificada en su 

correspondiente universo de discurso. 

Fig. 7. Diagrama de bloques para permitir calcular el grado de membresía en funciones de 

membresía triangular y trapezoidal.

El cálculo del grado de membresía se limita a conocer si el dato de entrada se en-

cuentra en alguna de las FM. Si es una función triangular, se detecta en que parte de la 

función cae el dato para conocer si se encuentra dentro de la pendiente negativa o 

positiva y realizar la operación necesaria para obtener su correspondiente valor dentro 

del intervalo difuso [0-255] que es la resolución del controlador de 8 bits. La Figura 8 

muestra las funciones de membresía para las variables del fuzificador del error y  de 

derivada del error, así como el universo de discurso de salida diseñado con funciones 

de salida Singleton, cuyo valor es enviado al módulo generador PWM. 

Fig. 8. Funciones de membresía para evaluar a las variables error, derivada y funciones de 

membrecía de Singleton de salida. 
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El módulo de inferencia toma los grados de membresía calculados, evalúa que re-

glas difusas se activan y aplica la operación difusa MIN-MAX. 

Fig. 9. Ejemplo de cálculo de grado de membresía y tabla de reglas difusas que permiten eva-

luar el valor del error y su derivada. 

El objetivo de la etapa Defuzzificación es obtener la función de membresía final 

que es la agregación ó la suma de todas las combinaciones de conjuntos difusos enla-

zados según la base conocimiento y que se activan en un momento dado según la 

combinación de las dos entradas etiquetadas como error y derivada del error. Se pro-

duce una función o una superficie total, ver Figura9, Este función representa la suma 

de todas las implicaciones y el método de defuzzificación permite obtener el valor 

adecuado que representa a la función total. La implementación del Método Promedio 

de los Centros que se utiliza en el presente desarrollo de investigación en tecnología 

embebida, toma como base la investigación realizada en [13], donde se propone una 

arquitectura paralela para el cálculo de la salida defuzzificada a partir de la operación 

correspondiente para encontrar el Centro de Gravedad de la función agregada. La 

ecuación general para el cálculo del promedio de los centros se muestra en la ecua-

ción (2). 

  (2) 

El valor de la variable de salida Z* está determinado por el promedio de los centros 

de los M conjuntos difusos de salida con los pesos w, siendo igual a la altura de los 

conjuntos difusos correspondientes. En cada uno de los módulos de inferencia difusa 

correspondiente a cada uno de los consecuentes de salida (FNG, FNM, FNP, FC, FPP, 

Advances in Computing Science    79



FPM, FPG), se realizan  las dos operaciones difusas MAX-MIN, cuyo resultado es 

tomado por el módulo defuzzifcador.

� �������	
���

Para poder validar que la salida del control difuso es la adecuada para estabilizar al 

péndulo es necesario corroborar los resultados generados en las tres situaciones des-

critas a continuación:

1. Los resultados de las simulaciones del control difuso generado en el Too-

box de Matlab. 

2. Los resultados de las simulaciones del control difuso embebido en el soft-

ware ISIM del fabricante del FPGA XILINX. 

3. Los resultados del control real en el motor de CD por el pulso PWM gene-

rado por el FPGA. 

Los dos primeros resultados permiten comparar que tan cercanos están los sistemas 

difusos descritos; dicha comparación permite entrever que tan preciso es el método de 

inferencia y de defuzzificación entre ambas simulaciones. En ésta simulación se toma 

en cuenta que se hace cero la variable derivada  y se mantiene variante la posición en 

su intervalo de movimiento. La Figura 10 muestra  la comparación entre las situacio-

nes en simulación y el aporte real de la salida del sistema difuso para control del 

péndulo, según se observa en la gráfica, el comportamiento del sistema será devolver 

la posición del péndulo al cero digital.

�
������ Comparación del comportamiento del sistema difuso embebido en FPGA, el generado 

en Matlab y la señal PWM generada en el sistema real.
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