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EDITORIAL

El inminente avance de la computacidn y las tecnologias inmersas en una sociedad cada vez mas
exigente, obliga a generar mayores esfuerzos por investigar y desarrollar nuevos horizontes,
cuyo fin es mejorar la calidad de vida de las personas y optimizar la dinamica de las
organizaciones. El estar sumergido en un contexto informdatico nos lleva a escalar un nuevo
peldafio en la revolucién industrial, conocido como la sociedad del conocimiento. Y es que
solamente con el pulsar de un botén tenemos acceso a multiples fuentes de investigaciéon
provistos por diversas organizaciones, gracias a la superautopista de la informacion.

La informacion consumida en el momento preciso permite la generacion de ventajas
competitivas en toda organizacion, industria o empresa; a la que hace referencia Drucker, al
mencionar que informacién es poder para quien la sepa utilizar oportunamente, generando un
nuevo actor llamado “prosumidor”, que conjuga el acto de producir y consumir de manera
simultanea.

Las tecnologias de informacién se han convertido no solo en el pilar de apoyo a las operaciones
de negocio, sino que ahora es un eje estratégico empresarial, considerando que la actividad
empresarial gira en torno a los clientes y la tecnologia. Asi, para la década venidera se
pronostican que tres aspectos contribuirdn a la transformaciéon de la tecnologia digital: la
evolucién de las mdaquinas inteligentes; el surgimiento de modelos de negocio basados en la
automatizacién y la algoritmia; y plataformas tecnoldgicas que habilitan la creacidon de nuevos
ecosistemas, ya sea en temas de alojamiento, viajes y turismo, transporte, comercios al detalle,
etc.

Desde el afio 2013, la Corporacién Ecuatoriana para el Desarrollo de la Investigacién y la
Academia — CEDIA, a través del Congreso Internacional en Tecnologias de la informacion y
comunicaciones TIC EC promueve la integracion entre investigadores, estudiantes, técnicos y
publico en general y consolida un espacio perfecto para la socializacion de los resultados
conseguidos con gran esfuerzo producto de sus investigaciones, realizacion de talleres tedricos-
practicos mediante los cuales se transmiten conocimientos a la comunidad investigativa, asi
como el compartir las lecciones aprendidas en esta ardua trayectoria, recordando que la
formacion continua es el éxito de la vida profesional.

Comprometidos con la academia, la sociedad y aportando a esta evolucién tecnoldgica, nos es
grato, como Universidad del Azuay, ser la sede de la Séptima Edicidn de este evento desarrollado
los dias 27, 28 y 29 de noviembre del 2019 en nuestro renovado campus universitario.

MSc. Esteban Crespo Martinez
Chair Track Técnico - TIC EC 2019
Editor Invitado
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The imminent advance of computing and technologies immersed in an increasingly demanding
society, forces to generate greater efforts to research and develop new horizons, whose purpose
is to improve the people life quality trying to optimize the organizations dynamics. Being
immersed in a computer context leads us to start a new step in the industrial revolution, known



as the knowledge society. In a globalized world, multiple research sources could be reached
through a click, thanks to the information superhighway.

The information consumed at the opportune moment allows to generate competitive
advantages in any organization, industry or company. Drucker mentions that the information is
the power for those who know how to use appropriately, generating a new actor called
"prosumer", which combines the act of producing and consuming simultaneously.

Information technologies have become a strategic business axis and not only as a pillar of
support for business operations, considering that in the XXI century the business activity
revolves around customers and technology. Thus, for the coming decade three aspects are
contributing to the transformation of digital technology: the intelligent machines evolution; the
business models emerged based on automation and algorithms; and technological platforms
that enable the creation of new ecosystems, whether in terms of accommodation, travel and
tourism, transportation, retail stores, among others.

Since 2013, the Ecuadorian Corporation for Research Development and the Academy — (for its
acronyms in Spanish — CEDIA), through the International Conference of Information Technology
and Communications TIC-EC promotes the integration between researchers, students,
technicians and the general public and consolidates a perfect space for the socialization of the
results achieved by their research, conducting theoretical-practical workshops through
knowledge that is transmitted to the research community, as well as sharing the lessons learned
in this arduous trajectory.

Committed to academia, society and contributing to this technological evolution, we are
pleased, as Universidad del Azuay, to host the Seventh Edition of this event held on November
27, 28 and 29, 2019 in our renovated university campus.

MSc. Esteban Crespo Martinez
Technical Track Chair - TIC EC 2019
Invited Editor
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Disefio de una Agenda Universitaria Electronica
para Llevar el Control de las Tareas en los
Estudiantes
Design of an Electronic University Agenda to
Keep Control of Tasks in the Students

Cinthia V. Tumbaco, Alex S. Cevallos, Vanessa A. Chillagana y Evelyn P. Pulluquinga

Resumen—Se investiga la forma en que los estudiantes de las
universidades administran su tiempo para actividades académicas
en base a la falta de organizacion con respecto a tareas, actividades
pendientes, horario de clases y gastos econémico generados en el
estudio.La presente investigacion busca visualizar informacién de
las tareas segiin el tema ante un posible olvido, para ofrecer a los
estudiantes un mejor ordenamiento de tiempo y tareas, mediante
un sistema de agenda universitaria que ingresa, calcula y da
informacion de tareas, actividades, horarios de clases y gastos
incurridos durante el estudio. Nuestra informacién esta
compuesta por los siguientes modulos: Gestion administrativa de
complementos en la agenda, entrada de informacion de la
universidad, basada en 3 extensiones. La gestion del horario de
clases se determiné por asignaturas segin la carrera y el ciclo
estudiantil, con un total de 40 a 50 asignaturas. La gestion de
tareas académicas y actividades adicionales se determiné mediante
la admision de tareas académicas y actividades adicionales como
resultado se obtuvieron un total de 20 tareas. La gestion del gasto
econdmico del estudiante se registro con el costo de campo (escriba
material o boletos) a través de un calculo matematico de
programacion para determinar el gasto total incurrido por el
estudiante.

Palabras
Universidad.

Clave—Estudiante, Organizacion, Tiempo,

Abstract— The way in which university students manage their
time for academic activities is based on the lack of organization
regarding tasks, pending activities, class schedules and financial
expenses generated by the study. The present investigation seeks
to visualize information on the tasks according to the topic before
a possible forgetfulness, to offer students a better ordering of time
and tasks, through a system of university agenda that enters,
calculates and gives information on tasks, activities, schedules of

Article history:
Received 24 June 2019
Accepted 03 September 2019

Este documento fue presentado en el LAJC en septiembre de 2019

Cinthia V. Tumbaco, Carrera de Ingenieria en Informatica y Sistemas
Computacionales, Facultad de Ciencias de la Ingenieria y Aplicadas,
Universidad Técnica de Cotopaxi, Latacunga, Ecuador; (email:
cinthia.tumbaco5974@utc.edu.ec)
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classes and expenses incurred during the study. Our information
is composed of the following modules: Administrative
management of add-ons in the agenda, university information
entry, based on 3 extensions. Class schedule management is
determined by subjects according to the career and the student
cycle, with a total of 40 to 50 subjects. The management of
academic tasks and additional activities was determined by the
admission of academic tasks and additional activities as a result a
total of 20 tasks were obtained. The management of the student's
economic expense will be with the cost of the field (write material
or tickets) through a mathematical calculation of programming to
determine the total expense incurred by the student.

Index Terms—Student, Time,
Agenda.

Organization, University,

1. INTRODUCCION

esde una vision global, nos referimos a las “agendas

digitales”, como una herramienta que nos permite recordar

y planificar las diversas tareas a realizar en un determinado
tiempo.

Se evita correr el riesgo de olvidar la tarea a efectuar, se
puede decir que en el &mbito académico organiza el tiempo para
tareas, examenes, trabajos en grupo [1].

Utilizar una agenda electrénica es un habito muy beneficioso
para nuestro tiempo y memoria, ya que el desorden solo nos
lleva a que perdamos tiempo en actividades menos importantes
y que luego nos falte tiempo para realizar las mas urgentes y
primordiales [2]. En ese momento el estudiante tendra que
buscar informacidén acerca de sus tareas ya sea donde sus
amigos, compaiieros o al mismo profesor, pero esto
probablemente trae una gran pérdida de tiempo. El buen
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rendimiento del universitario depende en gran medida de una
adecuada gestion y organizacion del tiempo de estudio [3]. Se
presenta la inquietud de considerar que los antiguos y
tradicionales sistemas, como lo son el calendario y la agenda,
no son tan utilizados como antes ya que estan siendo sustituidos
por diferentes dispositivos electronicos [4].

En Junio del 2015, en la Facultad Latinoamericana de

Ciencias Sociales Buenos Aires (FLACSO), Argentina reporto
la agenda universitaria electronica durante las gestiones de
Néstor y Cristina Kirchner: el financiamiento como organizador
de las iniciativas oficiales. Los doce afios de continuidad de los
gobiernos encabezados por Néstor Kirchner (2003-2007) y
Cristina Fernandez de Kirchner (2007-2011 y 2011-2015) se
plasmé en el sector universitario en la conformacion de una
agenda de gobierno organizada en torno a un conjunto de ejes
articuladores: calidad, pertinencia, inclusion e
internacionalizacion [5].
Segun lo mencionado el sistema realizado como Do it
Tomorrow (Hazlo mariana), “Evernote” (Siempre nota), [6]se
prioriza a los estudiantes a realizar las tareas dentro de los
plazos combinados para dividir mejor el tiempo entre la vida
académica y personal para llevar el dia a dia con mas calma y
menos estrés que so6lo nos permite apuntar las tareas del dia
actual y el siguiente. Esto permitird al estudiante el deseo de
disponer de mejores habilidades y estrategias para gestionar de
forma efectiva su tiempo favoreciendo de manera su
desempefio académico.

El objetivo del siguiente estudio es visualizar informacion de
las tareas y gastos econdmicos que tiene el estudiante ante la
falta de la organizacion, para brindar a los estudiantes un mejor
ordenamiento de tiempo y tareas de diferentes asignaturas. Esto
por medio de un sistema de agenda universitaria electronica que
ingrese y entregue informacién de los datos personales, asi
como también las tareas a realizar, actividades pendientes
donde recibira indicaciones de actividades que no se
cumplieron en el tiempo establecido, visualizacion de los
horarios de clases dependiendo del semestre que se estd
cursando, y calcule los gastos econdmicos del estudiante. De
esta forma brindarle al estudiante una alternativa de decision
del manejo de sus actividades y asi pueda tener un mejor
rendimiento académico en sus deberes.

La creacion de esta agenda electronica se centra en la
informacion de las tareas segun su horario de clases que se le
ha sido asignado al estudiante y en el registro de informacion
de los participantes dentro del sistema de la Universidad la
interfaz de la agenda electronica a través del uso de la
tecnologia informatica para entregar informacion veridica en
relacion a la asignacion del horario: tareas pendientes, tareas a
realizar, gastos econdmicos del estudiante elegimos
informaciéon relevante de dichos trabajos relacionados e
inyectamos en nuestro proyecto con los valores agregados, esto
detalla dicha informacion necesaria a los estudiantes para que
puedan tener alternativas para la organizacion de sus
actividades. En esta propuesta de proyecto, inicialmente se
manifiesta el enfoque de estudio de la investigacion de la
agenda universitaria, a continuacion, se describe el método a

utilizar en la programacion para el cumplimiento del objetivo.
Finalmente, la tercera y ultima etapa consta en el disefio y
publicacién de la agenda universitaria electronica para que los
estudiantes de la Universidad puedan conocer y familiarizarse
de este instrumento que permita llevar su vida estudiantil de una
manera mas efectiva.

II. METODO

A. Enfoque de Estudio

El presente estudio se enfoca en la Universidad Técnica de
Cotopaxi, Universidad de las Fuerzas Armadas ESPE
Extension Latacunga, ubicadas en la Provincia de Cotopaxi,
Ecuador, uno de los resultados obtenidos fue dado mediante un
enfoque de investigacion cuantitativo, para determinar el
numero de estudiantes que no tienen una agenda electronica
para organizar las actividades académicas que se le presentan
en su dia a dia, el cual permiti6é conocer que en las 5 Facultadas
que ofrece la Universidad Técnica de Cotopaxi. En la Tabla I
se muestra el nimero de estudiantes que tiene las Universidades
de la Provincia de Cotopaxi.

TABLA 1
NUMERO DE ESTUDIANTES EN LAS RESPECTIVAS
UNIVERSIDADES DE LA PROVINCIA DE COTOPAXI

Universidades Numero de

estudiantes
Universidad Técnica de Cotopaxi 1575
Universidad de las Fuerzas Armadas 1735

ESPE Extension Latacunga

B. Materiales

El material que se ha utilizado para la obtencion y
publicacién de esta informacion, ha sido determinado mediante
la informacion brindada de la Universidad Técnica del
Cotopaxi y de los estudiantes.

Procedimientos metodologicos

Para el procedimiento de esta investigacion se desarrolld un
Sistema de Agenda Universitaria que contempla un conjunto
de acciones que se muestra a continuacion:

1. Gestion Administrativa de complementos en la
Agenda

2. Gestion de horario de clases

3. Gestion de tareas académicas y actividades
adicionales

4. Gestion de gasto econdémico estudiantil
Ademas, se realizo el estudio y andlisis de diferentes
sitios web para un mayor entendimiento de la
organizacion de las actividades del estudiante en lo
cual se contempld los siguientes aspectos:

e La determinacion de los aspectos funcionales para el
desarrollo del sistema a través de los sitios web y
opiniones de los usuarios.

e FEl disefio y la implementacion de cada una de las
funcionalidades para el sistema.

La aplicacion contiene cuatro médulos que se considerd para
el desarrollo del sistema, que se muestran en la Fig. 1.
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Fig. 1. Médulos trabajados en el sistema, se describe las funcionalidades que se
va a realizar.

“Gestion Administrativa” de complementos en la Agenda
Ingreso de datos personales de la universidad y el periodo
académico que este tiene como resultado y el periodo
académico determinado segun la universidad.

“Gestion de horario de clases” se determind mediante el
registro del estudiante en las asignaturas seglin la carrera y el
ciclo que cursa el estudiante un total de asignaturas que varian
entre 40 a 50 asignaturas.

“Gestion de tareas académicas y actividades adicionales” se
determin6 mediante el ingreso de las tareas académicas y las
actividades adicionales como resultado se obtuvieron un total
de 50 tareas a realizar

“Gestion de gasto econdmico estudiantil” se registra el costo
en el campo (tipo sea material o pasajes) facilitando a través de
un calculo matematico de programacion que facilito conocer el
gasto total incurrido por el estudiante.

Todos estos modulos de estudio interactian con la
Universidad y permite la visualizar informacion de las tareas y
gasto econdmicos que tiene el estudiante ante la falta de la
organizacién, para brindar a los estudiantes un mejor
ordenamiento de tiempo y tareas de las diferentes asignaturas.
Estos casos de estudio se lo realizan con el lenguaje de
programacion Java con el id NetBeans y con el Sistema de
Gestion de Bases de Datos (MySQL).

Gestion Administrativa de complementos en la Agenda

Para el registro de los componentes de la agenda se pudo
obtener informacidén esencias en la pagina oficial de la
Universidad Técnica de Cotopaxi sobre las distintas matrices
que tiene y las carreras que posee, asi como también el periodo
académico que este se rige en la mayoria de las universidades.

Por lo cual se considerada como base a la universidad para
obtener datos importantes, asi como también los campos
principales que se deben manejar para plantearla y receptar en
otras universidades se toma en cuenta la universidad segun sus
distintas matrices como nos muestra la Tabla II donde se
muestra como va ser el ingreso de la clase de universidad.

TABLA 1I
CAMPOS PARA EL REGISTRO DE LA TABLA UNIVERSIDAD

Universidad Facultad Carrera
UTC-MATRIZ 4 15
UTC-SALACHE 1 4
UTC-LA MANA 4
Total 9 26

Gestion de horario de clases

Este modulo se desarrollé mediante el andlisis de los
requisitos que tiene el estudiante con respecto a su horario, se
tomo en cuenta unicamente el horario que tiene las carreras de
la Universidad, se procedi6 a que el usuario registre su horario
en el sistema y asi el administrador gestione los distintos
horarios de los estudiantes. Si quedan espacios vacios entre la
finalizacién de una clase y el comienzo de la siguiente, este es
un tipo especial de horarios que se suele denominar horario
compacto.

En la Tabla III se puede apreciar el numero de horas a la
semana de acuerdo a las diferentes asignaturas que
corresponden a un determinado ciclo, carrera y facultad.

’ TABLA III
NUMERO DE HORAS DE LAS ASIGNATURAS DEL QUINTO CICLO

Nombre de asignatura Numero de horas
Programacion Orientada a Objetos
Emprendimiento Social II
Programacion de Base de Datos
Interfaz Grafica de Usuario

Sistemas de Comunicacion

RV e VSRRV,

Para el desarrollo de este modulo ha sido necesario la
generacion de una clase denominada “Horario” que permita
especificar atributos que posteriormente se convertirdn en
campos de una tabla, esta clase es generada en NetBeans con
hibérnate y persistencia, que permita el almacenamiento en una
base de datos XAMPP Control Panel (MySQL), por medio de
la relacion con la clase “Estudiante”. Es importante mencionar
que el programa trabaja con datos de entrada que son las
asignaturas que son propios de cada estudiante.

Para el desarrollo del formulario se tuvieron en cuenta los
atributos (hora y dia) que posee la clase, permitiendo incorporar
en la interfaz. Para que los datos sean almacenados, se ingresa
la asignatura de acuerdo a la hora y dia, asi se crea el horario
que se puede visualizar en la base de datos. De este modo es
como se desarrollo el horario de clase de acuerdo al estudiante.
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Gestion tareas académicas y actividades adicionales.

Se desarrollo en base a las actividades que comiinmente tiene
el estudiante, la interfaz de este moédulo también esta disefiado
en NetBeans. Para que los datos sean almacenados, se ingresa
las actividades de acuerdo al horario con el dia, mes y aflo, que
se puede visualizar en la base de datos. La conexién entre
NetBeans con XAMPP ha permitido almacenar las actividades
creando tablas.

Inicialmente se desarrolla en la agenda electronica un
ambiente para que el estudiante pueda registrar una actividad
correspondiente a su materia, conjuntamente con el dia, mes y
aflo.

En esta ocasion las actividades y las diferentes fechas de
presentacion ingresadas por el estudiante a través de su
interaccidon con la interfaz. El estudiante podra modificar la
fecha de una tarea a entregar hasta eliminar la misma, para esto,
ha sido necesaria la utilizacion de un formulario JFActividades.
Es asi como se modifica la tarea que el usuario ha ingresado, y
posteriormente guardarlo en la base de datos.

En este sentido, el Acuerdo Ministerial Nro. MINEDUC-
2018-00067-A, “Define las tareas escolares como trabajos
complementarios a los realizados dentro del aula, que el
docente solicita a sus estudiantes”, es asi como s¢ toma en
cuenta la planificacion curricular y las necesidades de
aprendizaje de los estudiantes, observando su realidad, para que
sean elaboradas fuera de la jornada escolar, en un tiempo
determinado y con objetivos académicos y formativos
preestablecidos, permitiendo que el estudiante refuerce y
practique lo aprendido en clase. Si el estudiante cumple su
obligacion de realizar las tareas hasta el punto de presentacion,
entonces sus tareas estan siendo organizadas. En la tabla IV se
muestran las actividades mas comunes que tienen que cumplir
los estudiantes, mediante las asignaturas tomadas.

~ TABLEIV
ACTIVIDADES QUE COMUNMENTE REALIZAN LOS ESTUDIANTES

Actividades en la Universidad Técnica de
Cotopaxi

Consultas

Trabajos en grupo

Informes

Practicas

Talleres

Examenes

Foros

Enla Tabla IV se puede apreciar las tareas mas comunes que
realizan los estudiantes de acuerdo al horario, en la que poseen

diferentes asignaturas, estas se encontraran descritas con su
respectiva tarea, hasta un tiempo determinado.

Para desarrollar este modulo se ha visto la necesidad de crear
una clase denominada “Actividad” la cual tiene atributos, estas
se convertiran en campos de una tabla, antes generamos una
clase en NetBeans, con la ayuda de hibérnate y persistencia,
creamos relaciones la cual se puede observar en la base de datos
XAMPP, por medio de una clase “Horario”. Es importante
mencionar que el programa trabaja con datos de entrada que son
dia, mes, afio y su respectiva tarea a realizar que son propios de
cada estudiante. Para desarrollar el formulario se tuvo en cuenta
los atributos que posee la clase” Actividad”, creando un codigo
en la interfaz. Para que los datos sean almacenados, se ingresa
la tarea de acuerdo con su dia, mes y afio, la cual se pueden
visualizar en el Gestor de Base de Datos (MySQL).

Gestion de Gasto Economico

Para el desarrollo de este modulo ha sido necesario la
creacion de un formulario que permita el almacenamiento de
los gastos realizados por el estudiante durante su periodo
académico, este formulario ha sido creado con el programa
Neatbeans, que por medio de una expresion matematica calcula
el gasto econdémico total entre el gasto material y el gasto
personal en un ambiente académico, en este caso la fuente a
considerar es la Universidad Técnica de Cotopaxi. Es
importante mencionar que el programa Neatbeans trabaja con
una libreria u extension adicional que es el jandex 2.0.0, el cual
define la persistencia con la base de datos.

En consecuencia, el modulo de gasto econdmico hace uso de
la relacién que existe entre el gasto personal y gasto material
representado en un formulario denominado JFGastoEconomico
en el cual muestre los resultados de los célculos obtenidos.
La funcion de gasto en consumo esta basada en la matematica
usada para expresar el gasto de los consumidores. De ahi se
emplea la funciéon se usa para calcular la cantidad total
de consumo de los gastos realizados por el estudiante, en efecto
este calculo se basa en la formula de John Maynard Keynes (ver
expresion 1).

C=a+b(Y-T) (1)

Una version compleja de la funciéon de gasto en consumo inicial
se muestra a continuacion (ver expresion 2).

C=c0+c 1Y" @)

Donde C representa el consumo total, cO representa el
consumo auténomo (c0> 0), cl es la propensiéon marginal a
consumir (0 <cl < 1),y Yd = renta disponible (renta que queda
tras la intervencion del Gobierno — beneficios, impuestos pagos
por transferencia — o Y + (G — T)). En sintesis, este modulo
informa a los estudiantes universitarios la manera en la que
deben administrar sus ingresos.
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III. RESULTADO

Los resultados del caso de estudio planteado fueron
obtenidos en base a la realidad que ocurre con las actividades
del estudiante universitario. Los datos de estudiantes y
universidades son necesarios para el desarrollo del sistema.

Desarrollada la aplicacion, en la Fig. 2 se muestra las
secciones de la interfaz principal obtenida, resultado de la
cohesion de los cuatro mddulos planificados y estructurados.

-

ACTIVIDADES

L=
= N
@ HORARIOS ) GASTOS . .ﬂ ADMINSTRACION

ENCAGENDA

Fig. 2. Secciones de la interfaz principal, entre las que se puede mencionar:
horario, actividades, gastos, administracion

Gestion Administrativa de complementos en la Agenda

Como resultado de este método nos dio que el administrador
puede modificar la informacion de la universidad y periodo
académico, para que el estudiante disponga de mas opciones
respectivamente del formulario JFUniversidad. El cual ayuda
de manera mas eficaz porque todas las interfaces dependen del
otro; para que el estudiante pueda registrarse y escoger la
universidad a la que pertenece, asi como las demas opciones.
Es aqui donde se cargan los datos predeterminados gracias al
uso de persistencia con una conexiéon con el XAMPP Control
Panel (MySQL) y lo diferentes botones que nos permite una vez
modificar, eliminar segun el campo que se esté ingresando
como nos indica la Fig. 3.

@ - o x

UNIVERSIDAD @ ENCAGENDA

CODIGO— -] | e e e e ‘
NOMBRE | @O cwem || @ rearerer | |

FACULTAD
{ AGREGAR | {

| [ meno J Y e ‘
| cARRERA |
B sar il ELIMINAR |

EDITAR ‘

CARRERA

CODIGO NOMBRE FACULTAD
uot UTC-MATRIZ CIVA

u02 UTC-SALACHE CAREN
uo3 ESPE CIvA

SISTEMAS
VETERINARIO
MECANICA

Fig. 3. La opcion Universidad es uno de los complementos de la agenda
electronica

Gestion de Horario de Clase

La conexion entre Netbeans con XAMPP, ha permitido
almacenar el horario de clases con su respectivo codigo en
relacion al estudiante. En la Fig. 4 se puede apreciar que el
codigo del horario se genera automaticamente, asi como
también el numero de cedula del estudiante registrado, ademas
el usuario tiene opciones de hora de acuerdo a su asignatura que
posee, por otro lado disponemos de comandos ya sea para
guardar los datos, editar, eliminar o volver a la interfaz
principal, pero una vez que haya terminado de agregar las
asignaturas se debera finalizar para poder acceder a la siguiente
interfaz de las actividades.

HORARIO DE CLASES
4 ENCAGENDA

CODIGO DE HORARIO

H2001 N°CEDULA 0503785074

HORA_HORARIO MIERCOLES

| 07:00-08:00 |

HORA_HORARIO | LUNES
o7:0008100  POO

LUNES MARTES JUEVES VIERNES |

il GUARDAR

MIERCOLES 1 EDITAR

INTERFAZ

| MARTES JUEVES VIERNES |

SISTEMAS

Il ELIMINAR
[ meno
Esar |

| FINALIZAR

Fig. 4. Ingreso de la primera asignatura para la creacion del horario

Gestion de tareas académicas y actividades adicionales.

Facilita la informacion de las actividades de los estudiantes
universitarios con los diferentes horarios asignados. Para el
registro, se ha tomado en cuenta a los estudiantes de la
Universidad Técnica de Cotopaxi, barrio San Felipe del canton
Latacunga, en el que existen, la variacion de actividades no
realizadas que el estudiante debe cumplir en su jornada diaria
de acuerdo con 1 a 20 actividades. El ingreso de las actividades
y de igual manera la finalizacién es importante para tener
acceso a la interfaz de gasto econdmico.

@ - o

ADMINISTRACION DE ACTIVIDADES

CODIGO_ACTIVIDAD  A10001 N°CEDULA 0503785974

HORA

|07:00-08:00 |¥

HORA
6700 - 08100

LUNES MARTES MIERCOLES JUEVES VIERNES

|l cuaroar
EDITAR

\ JI|I ELIMINAR
B sar
MENG

FINALIZAR

LUNES
INFORME DE...

MARTES | MIERCOLES | JUEVES VIERNES |

EXPOSICION ...

Fig. 5. Ingreso de la primera actividad del estudiante

Las actividades son ingresadas por el estudiante, una vez
ingresadas se guardan en la base de datos, en la que se pueden

> |

4A) ENCAGENDA |

]
1]
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observar en forma de tablas segiin como el estudiante vaya
ingresando las actividades adicionales con dia, mes y afio, y se
iran guardando hasta la fecha establecida en el horario. En caso
de que quiera modificar la informacion lo puede hacer, incluso
puede utilizar todos los botones que se puede observar en la
fig.5. Un aspecto importante que el estudiante debe realizar es,
que una vez terminada de ingresar su tarea debe pulsar en el
botén finalizar para que se cargue la informacién a la base de
datos y luego lo pueda visualizar.

Gestion de Gasto Economico

Con la implementacion del calculo matematico en la Fig. 6,
se puede apreciar que en el gasto total se va acumulando segiin
vaya ingresando mas gastos, ademas informa a los estudiantes
universitarios la forma en la que deben administrar el dinero
para evitar malgastar el mismo ya sea en objetos innecesarios
para el estudio, pero sobre todo para el consumo personal.

@ - o x

GASTOS ECONOMICOS |

CODIGO GE00 N°CEDULA 0503785074 |l cumom

FECHA 10172019 100172019 T8 | 5\ ENVIAR |

EDITAR

o |Gasto perso... |

DESCRIPCION
VALOR s

| Bsar

cooico FECHA PO
GE00 1012019 ors
GE01 1012019 Matorialos

DESCRIPCION | VALOR

e 15
Impresiones 05

Fig. 6. Gastos generados por el estudiante y su gasto total

IV. CONCLUSIONES

La presentacion de informacion vinculante al numero de
horas de las asignaturas de la Universidad Técnica de Cotopaxi,
ha implicado un proceso para identificar nuestro propio horario
de clases, cuya automatizacion ha sido una tarea compleja. Sin
embargo, con correcta conexion a la base de datos nos ha
permitido fusionar el horario de clases con el estudiante, de esta
manera se presenta informacion detallada

La agenda electrénica se basa en la necesidad de llevar una
mejor organizacion de las actividades y tareas del estudiante
segun su respectivo horario, en la seccién de registro es
importante porque se toma como referencia el numero de
cedula, ya que este dato permite realizar varias gestiones con el
horario, actividades y gasto economico. Ademas, el sistema
podra ser utilizado por varios estudiantes no solo de
universidades de la ciudad sino de otros lugares

Con la elaboracion de la aplicacion fue posible investigar
sobre la metodologia de la agenda wuniversitaria y
posteriormente poner en practica la aplicacion, se trata de una
herramienta que conlleva grandes ventajas especialmente
trabaja administrando una gran cantidad de informacion de los
estudiantes. Es complicado tener las actividades organizadas

aun cuando lleve los apuntes en un cuaderno se dificultan estas
acciones, es posible favorecer con el sistema evitando la
pérdida de tiempo ademds es un ambiente agradable y
motivador para los estudiantes, pese a que fue la primera vez en
conocer ¢ implementar la metodologia. Este sistema tiene
resultados visibles con respecto al rendimiento académico ya
que favorecié a la organizaciéon de su tiempo, y asi pueda
planificar y realizar la siguiente actividad sin afectar a la otra.
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Mobile Application as a legal and informative
support tool for the active population of
Ecuador

Molina Gutiérrez, Teresa de Jesus,; Lizcano Chapeta, Carlos Javier; Quintero, Gisela Consolacion;
Gonzalez Zuiiga, Luis Enrique

Abstract—The purpose of this study was to design a mobile
application as legal and informative resource aimed at an Active
Population—employed and in search of employment—in Ecuador.
A quantitative research method was used with the Feasible
Project, which complement with the “Development of Mobile
Apps. First, the model was obtained through the National
Statistics and Census Department (INEC, 2018) and by the
Employment, Unemployment and Underemployment National
Survey— (ENEMDU, 2019). Second, data was gathered through a
documental technique—a method consisting of empirical levels. In
addition, data sheets were used as tools, while the Content Analysis
enabled data interpretation. The technical diagnosis revealed that
the Active Population faces unemployment and underemployment
serious issues affecting the country’s productive stability in
addition to decreasing the likeliness of promotion in the latter of
opportunities in society. A mobile app has been designed as a tool
containing legal and informative content to enable access to rules
and regulations governing labor and information of productive
processes. In order to accomplish the making of this app, agile
methods, SCRUM work frame and a CMMI model. Furthermore,
analyses requirement, conceptualization and assessment
prototypes were established.

Index Terms— Active population, rules and regulations, labor
market, mobile app.

1. INTRODUCTION

A CCORDING to Banco Interamericano de Desarrollo, —
The Inter American Development Bank IDB 2018—By
the year 2018 a favorable economic growth scenario was
forecast at a global level Inter-American Development Bank,
BID [1]. Therefore, Latin America should have an economic
growth at 2, 2%. However, real time figures are not encouraging
because in recent years, unemployment has risen.
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The IDB also points out that if compared Ecuador’s current
condition to other countries in Latin America, agencies such as
International Monetary Fund estimated a lower than estimated
economic growth by 2018. Despite this estimate, Ecuador is not
exempt from an economic and labor crisis that most countries
in the region have to face and it is proven by their unemployed
or underemployed population that in other words claims an
improvement in labor conditions.

Labor stability in any country has become a vital aspect for
its own development thus, having a positive impact on income
inequality, betterment of social protection and the minimization
of the impact on an informal economy. Likewise, a robust labor
market boosts social advancement, poverty reduction in other
words, this would be interpreted as quality of life for society.

Under this scope, finding attention mechanisms for the
Active Population of Ecuador is an utmost priority involving
those who are in a working age being able to reach a certain
level of enjoyment when it comes to having a job. However,
this mostly young segment of society still face problems related
to employment rights or are job searching. Additionally, their
demands are not being satisfied and as a result, the
unemployment line keeps getting longer and eventually this
young segment may become underemployed. This context
certainly deserves the relevance of Employment rights, since it
is necessary to create awareness of this issue in the Constitution
of the Republic of Ecuador and in the Labor Code.

In this respect, the aim of this research work is to design the
APPS Job- Ecuador with the purpose of bringing together the
advantages of mobile applications backed by thorough legal
knowledge of rules and regulations that have established
employees’ labor rights and duties which in turn, enhance
updated and useful information regarding job offers, market
tendencies, hiring and training requirements among other
processes.
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General Objective

The designing of a mobile application as a legal-informative
resource aimed at the Active Population of Ecuador.

Specific Objectives
e Diagnosis of labor market actual conditions in
Ecuador
e Interpret the legal contents that regulate work in
Ecuador

e Applying the methodology that identifies the proper
requirements that the mobile application should meet
thus creating user interphase in paper.

TABLE 2.
RESULTS NATIONAL EMPLOYMENT, UNEMPLOYMENT AND
UNDEREMPLOYMENT SURVEY (ENEMDU, 2019)
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66,5% 4,6% 37,9% 18,7% 22,7% 11,0%

e Validating mobile application requirements with a
low-fidelity prototype

Likewise, labor obligations dismissal by disobeying labor rules
or misconduct or even unjustified dismissal laws are included.
Dismissal by agreement is defined as: “the authorization
granted by a Labor Inspector for such dismissed labor
relationship which happens when one of the parties whether the
grounds for dismissal are set out in Articles172 y 173 under the
Labor Code” Bustamante, [5] Unjustified dismissal is the legal
way by which a labor relationship is finished and it’s provided
by a judgement given through an administrative labor authority.

Another form of labor dismissal is unjustified layoff defined
as: “The unilateral will of the employer which breaks an
employment relationship, generally characterized by an
unexpected or violent action.” [6]

It would sound relevant to point out that the employer who
dismisses and employee in an unjustified way will be forced to
compensate him in accordance with length of service and to a
predetermined scale provided by the Labor Code.
Compensation by dismissal —firing—may have a more positive
outcome by mutual agreement between the parties, but not by a
Labor Court.

Rights in Ecuador are progressive according to the
Constitutional Mandate Article 11 numeral 8 “the content of
citizens’ rights will be developed in a progressive way through
the law, regulations and public” Constitution of Ecuador [7]

II. METHODOLOGY

The Fease able Project was used, since the design of a mobile

resource is proposed, which was supported by documentary
research (second-hand data), as data collection instrument
content sheets and data analysis technique were used The
Content Analysis was used.
The analysis core was composed by reports made by the
National Statistics and Census Agency—INEC [8]—and by the
National Employment, Unemployment and Underemployment
Survey— ENEMDU [9].

Such procedures aggregate to the method for development of
mobile applications which must comply with a mobile device
particular capabilities such as: memory restrictions, processing
and storage, the platform’s implementation in addition to
deployment and maintenance processes.

Within framework and software creation methodologies
multiple options, the so called “agile methods” stand out.
Pressman [10]. In this context, the following framework are
considered: SCRUM, Model CMMI Capability Maturity Model
[11]. From these framework, the following phases for the mobil
application design were determined: Requirement analysis
phase, Conceptualization phase and Validation and Prototype
phase.

Building phases and testing, Application’s Corrective and
Preventative maintenance practices for the implementation
phase are not part of the scope in this Project.

III. RESULTS

In order to watch Labor Market’s performance in Ecuador,
the following figures provided by the National Statistics and
Census Agency [8].

Source: INEC [8]

As it can be observed, by 2017, employed population reaches
7, 7 million figure considerable superior to unemployment rate.

TABLE 1.
ECUADOR’S ESTIMATE LABOR MARKET 2017
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On the other hand, there are 3, 5 millions of people that enjoy
of suitable employment which means that they have a 40hour

full-time employment gaining minimum wage.
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Unclassified employment is reported at a rate of 13.000 people
at a national level (located in the Andean range and in the
Coast). It is evident that unclassified employment represents a
low participation in relation to the total of employment in the
country.

Unsuitable employment is subdivided in: Part-time

employment (45, 6%), underemployment (37,4%) and unpaid
labor (17%). Under the unsuitable employment category
belongs to the employment that does not reach 40 working
weekly paying basic wage of $375 or less. Figures for each of
the subcategories that comprise unsuitable employment have
gradually increased.
Figures show a complex general scope of the Ecuadorian Labor
Market which needs to certainly improve labor relationships
between employers and those who apply for paid labor.
Similarly, economically active sectors that are often at
disadvantage like the young, women and the informal sector
deserve special attention.

The following results were taken from an ENENDU survey in
2019. This survey has covered the entire country of Ecuador,
including rural and urban areas equally, as well as five self-
represented cities of: Quito, Guayaquil, Cuenca,

Source: ENEMDU [9].

Previous data dates to March 2019 which are an important

reference to specify at a national level, economic activity
indexes and source of income pertaining to the Ecuadorian
population.
As to the global participation rate, is about the “resulting
percentage from theratio between the economically active
population (PEA) and the working-age population (PET)”
ENEMDU [9]. Totals reached a national level of 66, 5 % and it
means that there is a 66,5% of young people that are over the
age of 15 apt to start being economically productive.

As far as the unemployment rate denominated as “the
resulting percentage from the ratio between the unemployed
and (D) the economically active population (PEA)” ENEMDU
[9] -another important point is that the active population
reached 4, 6%, compared to figures from 2018. Then it is safe
to say that these percentages did not experience significant
statistical fluctuations.

Suitable employment rate belongs to the “resulting
percentage from the ratio between total suitable employment or
full-time (EA) and the economically active population (PEA)”
ENEMDU [9]. Data shows that this indicator has reached 37,
9%. By comparing this figure to the one from the previous year,
a significant decrease turns out to be evident and indicates a
negative performance.

Underemployment is defined as “the resulting percentage
from the ration between the total number of underemployed
individuals (SUB_E) and the economically active population
(PEA)” ENEMDU [9], as demonstrated by the figures,
underemployment reached 18, 7. Additionally it did not show
significant statistical fluctuations compared to previous data.

As far as Part-time employment rate, “the resulting
percentage from the ratio between the total part-time
employment and the economically active population” (PEA)
ENEMDU [9], positioning itself at 11, 0%, representing an
significant increase statistically speaking.

Finally, non-paid labor is defined as “the resulting percentage
from the ratio between the number of non-paid Jobs and the
economically active population (ENR) and “PEA” ENEMDU
[9]. This category has reached 11, 0% at national levels.
Furthermore, this indicator did experience fluctuations
statistically powerful in relation to 2018 and these changes
represent evidence of an increase in non-paid labor.

By taking a closer global look, these figures may highlight
that the working population in Ecuador it not at is prime,
although global employment has proved a relative stability as
well as the unemployment rate. It is clear that suitable
employment has decreased from 2014, while underemployment
has risen from 2012, Olmedo [12]. Although urban areas seem
to have the most employability capacity, they may create
underemployment conditions. On the other hand, the rural
population for the most part generates non-paid labor compared
to urban populations.

It is imperative for those responsible for unemployment to
pay close attention to this trend and also pay attention to
additional employment categories since the purpose of the labor
market should not only be to “reach a natural unemployment
rate” Olmedo [12] but also to achieve more favorable working
conditions for the general population by taking care of
underemployment and other types of employment that aren’t
necessarily satisfactory. Undoubtedly, the need for the
implementation of market sustainable policies is essential for
the strengthening of their structural bases.

The previous discussing helps to comprehend the
transcendence that the intervening variables in labor markets
and its own incidence in populations quality of life. Having
labor stability is vital. As a result, technology has become an
absolutely crucial information tool for the active population in
aspects like legal instruments that can guarantee employees’
rights and obligations, job offers, market tendencies, statistical

data and the most valuable professions among other services.

IV. PROPOSAL MOBILE APP DESIGN

a. Data gathering and requirements definition:

By exploring employability figures in Ecuador, certain
characteristics related to the need for understanding rules and
regulations governing labor aspects where found. Additionally,
the urgency to access effectively enterprises with good
economic prospects, better job offers and the most valuable
profession among others. Having easy access to centralized
permanent available data would be extremely useful to the
general population.
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Findings:

Employed population that also demands better employment
choices. Active population should have access to legal
information regarding their labor rights and proper procedures
given situations that attempt to disturb job stability, or
compensation once the employer has stable employment. In the
same way, those in search of employment should be
familiarized with pertaining legal aspects as well as elements
surrounding job offers, enterprises such as:

e Regulations: Labor Code Republic of Ecuador

Constitution

Practical Purposes. In this case, the active population demands
information regarding labor markets, offers and employment
agencies that enable individuals to find work, apart from
finding institutions that promote skills training and
professionalism.

Intermediary companies between job seekers and the
economically active population, particularly Web portals and

pages.
Enterprises and Institutions that bid on the development of
skills training.

A basic control for statistical aims suggests obtaining data from
users for an application required such as:

e Email address, age, gender, professional experience,
education, expected salary and the like.
b. Functional and non-functional requirements for the mobile

app:

c. Based on data gathering and the proposal made, the mobile
application must meet following functional and non-
functional requirements.

Functional requirements (RF):

TABLE 3.
MAIN HIGH-LEVEL FUNCTIONAL REQUIREMENTS

ID. NAME REQUIREMENTDESCRIPTION
RF1 The application will record data user:

USER RECORD personal email address and password.
RF2 SURVEY FILL-IN As a user logs in for the first time, the
app will ask the user to fill in a survey
RF3 OPTIONMENU The application will provide a
DISPLAY hamburger-type menu. It will show the
different information categories in a list
so that it is easy to access.
RF4 INFORMATION Through the option menu, the
DISPLAY application will allow selecting available
options, opting to download them in the
local memory such as documents,
requirement list, audios and videos and
general information.
RF5 GLOSSARY The application must have a glossary
easily accessed by menu or search.
RF6 SEARCH In the app displaythe user may have
Box access to a text box for the search of
resources and information.
RE7 NA\il({}i]?rl ON Every section will be linked for free

navigation provided the user wants to.

ID. NAME REQUIREMENTDESCRIPTION
RF8 ACCESS TO The app will allow access to official
SOCIAL accounts among those involved in every
NETWORKS type of process pertaining to the labor
market.
RF9 WEB The app will have links to
RESOURCES complementary resources in the Web,
official web pages including those in
the economic sector.
RF10 TERMS OF USE The app will provide the user privacy

politics, terms and conditions including

an option to accept them or not. The use

of this app requires user acceptance.
SOURCE: THE AUTHORS

Non-functional requirements (RnF):

TABLE 4.
NON-FUNCTIONAL MAIN REQUIREMENTS
1D. NAME DESCRIPTION
RNF1 NAME THE APP WILL BE NAMED “JOB- ECUADOR”
RNF 2 HARDWARE HARDWARE REQUIREMENTS SHOULD BE
EASILY ACCESSED EITHER FROM A COMMON
MOBILE DEVICE OR FROM A SMART MOBILE
WITH A COMMON OPERATIVE SYSTEM.
RNF 3 CONNECTION THE APP MAY BE ACCESSED FROM ANYWHERE
WITH WIFI CONNECTION.
RNF4  AVAILABILITY THE APP WILL BE AVAILABLE 24-7
RNF 5 PLATFORM THE APP SHOULD WORK WITH ANDROID
OPERATING SYSTEM DEVICES
RNF6 LICENSING ALL RESOURCES SHOULD COMPLY WITH
COPYLEFT LICENSING (FREE DISTRIBUTION)
GUARANTEEING THE NO VIOLATION OF
COPYRIGHTS.
RNF 7 USERHELP THE APP WILL HAVE BASIC HELP INTEGRATED
FOR ALL FUNCTIONALITIES AND A CONTACT
FOR PRODUCT OR SERVICE ENHANCEMENT
REQUEST.
RNF 8 CONTROL ELEMENTS INFORMATION CONTROL ARE
CHANGE BASED ON SETTINGS MANAGEMENT,
PARTICULARLY WHEN IT COMES TO FILE
NAMES, VERSION AND FEATURES, GIVEN THAT
RESOURCES MAY BE PERIODICALLY
UPDATED..
RNF 9 QUALITY APPLICATION MAXIMUM RESPONSE TIMEWILL
BE AT ONE SECOND IN 95% OF THE
OPERATIONS.
RNF10 FAILURE THE APP WILL BE ABLE TO CAPTURE AS MANY
CAPTURE POSSIBLE FAILURES AND TREAT THEM
ACCORDINGLY.
RNF11 LANGUAGES THE APP WILL SUPPORT ENGLISH AND
SPANISH LANGUAGES.
RNF12 DATA FOR DATA STORAGE PURPOSES, THE
PROTECTION CORRESPONDING REGULATION MUST BE
TAKEN INTO ACCOUNT, IN ADDITION TO
“PERSONAL DATA PROTECTION” AS WELL AS
TELECOMMUNICATION SECTOR
REGULATIONS.
RNF13 SECURITY DATA EXCHANGE BETWEEN APP AND SERVER

DATA BASE WON’T USE AN ENCRYPTION
METHOD.
SOURCE: THE AUTHORS

d. Actors definition:

The application Job-Ecuador interacts with two types of actors:

e Active population.  Referring to working age
population (employed or in search of employment).
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e Administrator: Responsible(s) individual for the app
which main responsibility is to update information and
improve operational malfunctions.

The three general processes user type “Active Population” may
do with the Job-Ecuador app are the following:

e  Mobile App Installation
e Application Navigation (optional menu system)
e  Uninstalling the mobile app

e. Information Categories definition:

According to data gathered, Job-Ecuador app will display the
following information categories:

Information regarding legal resources and procedures, entities
that provide the employee information and labor resources,
surveys, companies offering Jobs and labor resources, general
information regarding the application, assistance and contact
data as well as social networks official accounts.

f. Use of mobile app cases

Given that the interaction between user and app is shaped for
the most part regarding consulting of information, using basic
navigation supported by usability criteria and accessibility to
every screen, no use-case were designed.

g. Low-fidelity prototy pedesign

For prototype design at low fidelity levels, the
BalsamigMockupstool (version 3.5.17 / https://balsamiq.com/)
was used. This app enables designing interface models fast and
efficiently, allowing the user to navigate through the prototype,
experiment and validate functional requirements, [13].

h. Resource Format Specification

Built-in application resources keep the following conventions
needed for their names and format type. Such definition
corresponds to a non-functional requirement. A through
specification is part of the building process for the Job-Ecuador
app, which has not approached in this study.

Name format for resources: ir_mnemonic_vr<nn>.ext, where:

e go: identifier for the type of resource possibly having
the following values:

o vi: video (Accepted format: mp4)

o au: audio (Accepted format: mp3)

o dc: document (Accepted format: pdf, xIs, pps,

jpg)

mnemonic: Used to describe resource content
vr: constant followed by resource version
nn: resource number version (01, 02, 03, no period)
ext: file extension (pdf, mp3, xIs, pps, jpg, swf, mp4)

1. Social Networks selection and official accounts:

Job-Ecuador enables official accounts social networks
particularly in the economically active population interest and
to the general public. Having such accounts, users have access
to the most updated information by each agency, entity as the
case may be.

5. CONCLUSION

The current labor market in Ecuador has similar difficulties to
other countries in South America, according to the National
Statistics and Census Institute INEC [8] and [9] In Ecuador
global employment keeps certain stability, as a result suitable
employment has decreased and unemployment has increased.
Generally, urban areas show the most employability capacity,
although there is a great deal of underemployment. This
numbers discourage major efforts made to combat
unemployment related issues. There is an immediate call for
attending to the young population labor needs, as well as to
reconcile strengthening policies for the structure of the
domestic system of production.

Methodology used for the mobile app design was SCRUM
and CMMI model which offered support for the three phases:
Requirement analysis, conceptualization and prototype
requirement analyses resulting in a complete and thorough
application design. Job Ecuador has informative resource
content regarding general aspects known as labor markets and
legal content—the Constitution and Labor Code—and
regulation for employment accessibility in Ecuador.
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An Approach for 1dentifying Crops Types using
UAYV Images in the Ecuadorian Sierra

A. Sarmiento, G. Taboada and V. Morocho

Abstract. Spectral signature analysis allows identification of
the different types of terrestrial objects and characterizes behav-
iour of different kinds of vegetation. In Ecuador usually pheno-
logical analysis (state of vegetal growing) and crop type are based
on acquired manually information. This does not allow taking
agile decisions over crops management. The advantages for using
UAY images propose a significant change to the current method-
ologies. This paper presented a correlation study of crop spectral
signature using multispectral images from a UAV. Ecuadorian
Sierra was the study zone to differentiate the types of crops in an
agricultural field. The Inception algorithm of Tensorflow was
chosen to generate a crop layer and to predict the crop type with
the closest possible approximation from an image.

Index Terms— UAV multispectral images, analysis

images, phenological analysis, crop type.

[. INTRODUCTION

SINCE ancient times, agriculture has become the main means
of supplying human beings which has led to improving soil
cultivation techniques for the benefit of humanity. In this way,
the agricultural sector has become one of the main economic
drivers of Latin American countries. In fact, Latin America
will be the main food producing region not only for domestic
consumption but also for export, and it is estimated that in
2020 it will represent 20% of the world food supply [1].
Latin American countries have abundant territory for agricul-
ture; it can see in Table 1 majority of countries have more than
40% of its territory suitable for agricultural exploitation. Ag-
riculture is one of its main income by exporting your products
to various parts of the world.

Over the years new technologies have been introduced in the
agricultural sector, and step by step the farming task has been
eased by this. As to mention some examples to describe the
importance of informatics in agriculture, we have software
apps, programs computer for crofts, campaigns and crops
management.

Those applications are very useful to keep track of crop rota-
tions, plantings, harvests, post-harvest crops and the agricul-
tural market [2].
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TABLE I
AGRICULTURAL AREA OF LATIN AMERICAN COUNTRIES.

Country Area (Km2) Agricultural ~ Percent-
area (Km2)  age (%)

Argentina 2780400 1487910 53,51
Bolivia 1098580 375150 34,15
Brazil 8515770 2756050 32,36
Chile 756096 158089,8 20,91
Colombia 1141748 426176 37,33
Cuba 109880 64060 58,30
Dominican

Republic 48670 24970 51,30
Ecuador 256370 75069 29,28
El Salvador 21040 15670 74,48
Guatemala 108890 44290 40,67
Haiti 27750 17700 63,78
Honduras 112490 32350 28,76
Jamaica 10990 4490 40,86
México 1964380 1067050 54,32
Nicaragua 130370 50710 38,90
Panama 75420 22650 30,03
Paraguay 406752 215000 52,86
Peru 1285220 243260 18,93
Uruguay 176220 152590 86,59
Venezuela 912050 216000 23,68

Some advantages from the combination between informatics
and agriculture are:

Higher production

Farmer has more planning time

Plot Control and its crops during whole period
Saving in Crop water, fertilizers and other prod-
ucts.

Obtaining data from the plot in real time

e  Automatic irrigation according to weather condi-
tions

In last years the agricultural revolution is being experi-
enced thanks to technology application in its processes such
as crops monitoring from the air. It means that agronomists,
agricultural engineers and farmers use drones and UAV to

ISSN: 1390-9266 — 2019 LAJC



24

obtain another point of view for planning and administering
of their operations with greater precision [3].

II. USING IMAGES FOR AGRICULTURE
Looking for the best and optimal technology to images gath-
ering. Often, the question is which of the technology is to be
used. Whether satellite images or images obtained from a
drone. The drones and UAV are capable of carrying different
measurement sensors (thermographic, multispectral, LIDAR,
optical). On the other hand, sensors on satellite platforms can
include optical and multispectral sensors and, although, there
are also thermal and radar sensors, their resolution is not suit-
able for agricultural applications [4]. The images acquired by
sensors on satellite platforms are calibrated by geometric and
atmospheric corrections. The latter can cause distortions be-
tween images acquired at different times, due to a concentra-
tion of aerosols present in the atmosphere. However, these
sensors have a high spectral resolution (number of bands), and
their spatial resolution (number of pixels) is very large. Which
causes the reflection of the ground or adjacent weeds to inter-
fere with the accuracy of take measurements. A satellite im-
age shows the differences by comparison very well, but radi-
ometry from one satellite capture to another from a different
date is usually not comparable. Radiometric calibration in
cameras for UAV and drones is becoming an easier task. It
does not require difficult atmospheric calibration. This feature
allows a high precision, even allowing a perfect comparison
of images. The latest sensors that can connected to UAVs
have fewer bands (spectral resolution), but their high spatial
resolution (pixel size) achieves a much more accurate vegeta-
tion analysis [4]. In the case of Sequoia® camera have real
color and multispectral in the same equipment, then the com-
parison of bands can be done more accurate yet.

Within the field of agriculture, phenology is a solid indica-
tor of the effects of climate change on natural systems. For
example, the principles of sprouting and flowering of plants
have been documented in response to recent warming trends.
Improved monitoring of vegetation phenology is seen as an
important, but simple, means of documenting biological re-
sponses to a changing world [3].

III. SPECTRAL PATTERNS DETERMINATION

A. UAV pothographs

In coordination with research group on SDI (Spatial Data In-
frastructure) from University of Cuenca, was defined the
study zone in an experimental farm, with controlled crops
condition, for example documented application of fungicides
and fertilizers. The planning and execution of flights with the
eBee® RTK drone was carried out on May 23 (Canon® cam-
era) and on May 12. September 2016 (Sequoia camera). Table
2 indicates the most important characteristics of the equip-
ment used.

! Ground sample distance. Distance between the central pixels

measured on the ground
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TABLE II
MAIN CHARACTERISTICS OF THE EQUIPMENT

Wingspan  Weight Scope of  Remova- Camera Optional
the radio  ble wings (sup- cameras
connec- plied)
tion

WX S110
96cm 0,73 kg 3 km RGB NIR/RE/RGB
es

(37,8 in) (1,61 Ib) (1,86 mi) (18,2

MP)
Planner
Image pro-
and con- -
cessing
trol
eMo- Pix4Dmap-
tion per
. Maxi- Au- Oblique
Maxi- K
. . mum tomatic photograph
Cruise Wind re- mum .
. . coverage landing
speed sistance flight au-
(one
tonomy X
flight)
Linear 0-50°
landi
40-90 anane
. with
km/h (11-  Until 45 km/h .
40 8km?  preci-
25m/s o (12 m/s 028 . Y .
minutes (3 mi®) sion of
25-56 mph)
h) ~5m
m|
P (16,4
ft)

Earth sam- Absolute

pling dis- accuracy hori-

tance zontal / verti-

GSD! cal

Until .
Until 3 cm

1,5 cm X

(1,2 in)/5 cm

0,6 .

. . (2 in)

in)/pixel

Within the planning phase of the flight several parameters
were established within the application eMotion2® (auto-
mated controller of the UAV) as recommended by the manual
of Pix4Dmapper® for land with agricultural fields. At least
75% of frontal overlap (with respect to the direction of the
flight) and at least 60% of lateral overlap (between flight
tracks). Fig. 1 shows an example of the planning configura-
tion.
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Fig. 1. Ideal acquisition plan for land with agricultural fields

The shots were made on the experimental farm, located1 about
42 km northwest of the city of Cuenca, between the towns of
Paute and Guachapala (see illustration in Fig. 2). Whose cli-
matic conditions are:

e Altitude: 2.945 m a.s.1
e  Weather: 11-26° C
e  Winds: 5-14 km/h

\ & "omers! SA. de Cuencer %
7 gt parg S
te Uano. Cabvarig” F Bugdel
Guachapala
$ Guachapala
Paute 7

Uchuguaico Shaushin

Fig. 2. Location of the Romeral of the University of Cuenca. VANT eBee

RTK. Configuration of the flight through the software emotion. Drone’s
launching.

B. Canon S110 NIR Camera

The Canon S110 NIR camera (Fig. 3) provides data on the red
green and NIR bands.

Hesporse W

'_____L._].u-

Wavaergt® [rim)
Fig. 3. Ideal acquisition plan for land with agricultural fields

TABLE III
CHARACTERISTICS OF CANON S110 NIR CAMERA.

Resolution ~ Resolution on the ~ Sensor Pixel Image
ground at 100 me-  size size format
ters

JPEG
7.44 x 1.86

12 MP 3.5cm/ px and/or
5.58 mm um

RAW

C. Sensor used - Sequoia Camera

Sequoia (Fig. 4 (a)) is the smallest and lightest multispectral
drones sensor released until 2016, capable of capturing crop
images through four highly defined (visible and non-visible)
spectral bands in addition to the RGB band as You can see in
Fig. 4 (b). These four sensors: NIR, Red Edge, Red and
Green are 1.2 MP that are added to the 16 MP RGB sensor to
give us a multispectral and RGB image in a single flight. It
also has a solar sensor that is automatically calibrated to ob-
tain accurate images whatever the lighting conditions.

Visible light

] Reflectance (%)
Gree

500 00 700 80
Wavelength (nm)

s Healthy Plant ssss=Stressed Plant s Soil

Fig. 4. a) Sequoia camera b) Bands that supports the Sequoia camera

Once the information is retrieved the project is generated
and can be loaded into the Pix4D program. The result obtained
from the flight performed in the experimental farm is shown
in Fig. 5. The red points show the location where images
where collected while the drone exploration experiment hap-
pened.
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Fig. 5. Result of the flight performed on the romeral of the University of
Cuenca

Likewise, Pix4D provides with a summary of the project to be
processed, which indicates that the coordinate system used is
the World Geodesic System 1984 (WGS84) and that 118 im-
ages were generated on the UTM 17 S area. In Fig. 6, it is
expressed the complete summary of the project.

As mentioned in section 3.1, the first flight used a Canon cam-
era that returned three types of bands: Green, Red and NIR.
The processed image is the one shown in Fig. 6:

Fig. 6. Result of image processing with Canon S110 NIR camera

On the other hand, in Fig. 7 we have the result obtained when
processing the images of the second flight made with the Se-
quoia camera.

It should be noted that this last image combines the Green,
Red, Red Edge and NIR bands, allowing better analysis at a
glance and later with specialized tools.

Fig. 7. Result of image processing with Sequoia camera

IV. CREATING THE PROJECT WITH ECOGNITION

Once the information is processed, the segmentation and clas-
sification of objects is performed using the application eCog-
nition® 9 (Trimble, Sunnyvale, California, United States).

The first step is to import the processed information, which
isin a TIF format file. In Fig. 8 we can see a selected selection,
which with GPS survey was determined to belong to the apple
plant. Also, it was decided to keep the RGB combination pre-
determined by the application, only changing the Equalization
to Standard Deviation 3.0, which allowed having a differenti-
ation between the apple plants and the shrubs that surrounded
them.

Fig. 8. Project creation eCognition

A.  Multi-resolution segmentation

Among the different segmentation algorithms, it uses multi-
resolution segmentation. The multi-resolution segmentation
of eCognition (Fig. 9) achieves the best overall results com-
pared to other software (Neubert and Meinel, 2003). Applying
this segmentation technique allows to obtain good results for
different types of data and images.



