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ABSTRACT

Taking as an initiative the energy needs that are presented in Colombia due to population growth and the possible
solutions that higher education institution can provide, the idea of creating a tool to characterize or validate designs of
alternative energy obtaining systems is born. This work presents the realization of an expert system with which the
characterization of the design of photo-voltaic and wind power generation systems is achieved. This expert system
evaluates the feasibility of implementing a photo-voltaic or wind system to obtain energy at certain sites in the national
territory based on specific data such as the location of the future project and the amount of energy that needs to be
generated. Once the viability of the project is determined, the expert system delivers the design of the necessary
implements, features and a final project price. Motivated by the boom presented by mobile applications today and the
versatility that these can provide the realization of this project is based on the integrated development environment of
Android Studio to achieve the visualization of the expert system from a mobile application. The expert system will be
divided into two parts, one will be the consultation environment, in this we will find the interface designed for interaction
with the user and a second development part where the knowledge base consisting of two main algorithms will be stored

which is made the decision making for each of the systems of obtaining energy.
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1. INTRODUCTION

At present, the energy demand that is presented in
the world due to population growth and the increase in
economic activities has led to a possible energy
deficiency. According to the study carried out by the Inter-
American Development Bank, it is projected that by 2040
the country's energy needs will increase by 110.3% due to
greater economic growth and per capita income
(Serebrisky, 2016). Given this future energy deficit, it is
necessary to look for alternatives such as alternative
energies, especially photo-voltaic and wind energy.

The implementations of these power generation
systems are the alternative to the traditional methods that
we have used for hundreds of years. Performing a detailed
study of the production of photo-voltaic and wind energy
can be synthesized the necessary requirements for the
implementation of the hardware based on the requirements
of the consumer or customer. When addressing artificial
intelligence, in search of responses to a series of electrical
energy needs, we think of the use of expert systems.

These expert systems are made up of two
fundamental parts with which communication between
end users and expert knowledge can be established; the
first part is the development environment, used by the
builder to create the components and introduce knowledge
into the knowledge base. The second fundamental part is
the consultation environment, used by non-experts to
obtain expert knowledge and advice (Turban, 1995).

Taking into account the above, an expert system
was implemented for the characterization of a photo-
voltaic or wind power generation system, as well as being
portable from the Yba app, which seeks to provide a
solution to the problems that arise in the design processes
of said systems and reliability of the results obtained
through the expert system.

In this process of implementation, the search for
an expert who can provide all the information he has is
carried out due to his vast experience so that he can feed
the knowledge base that will be the central engine of the
expert system (Luger, 1989).

To begin the design of the expert system, it is
decided that this will be an application with client-server
architecture. The expert system will be divided into two
large parts, the first one will be the one that stores the
database and called a server, this database is loaded by a
web server located in the cloud, created through the
Django web development framework and coded in Python
programming language which will facilitate the design of
the website making it faster and more pragmatic.

The second part called client will be the mobile
application in which all the calculations of the wind and
photo-voltaic energy obtaining systems will be carried out,
coded in Java programming language and designed from
the Android Studio development environment so you can
have the control over certain elements that will generate a
more pleasant experience for the user.

2. METHODOLOGY

The version used for the development of the
expert system software is Django 2.2.6 as framework and
codified in Python 3.7.4 programming language, which
have their use and licenses for free.

There are several who have written about the
steps to follow to design and implement an expert system,
among them it is possible to find the doctor (Luger, 1989)
who suggests the stages shown in Figure-1, each of these
stages meet a specific objective which can be implemented
for the development of the expert system and are
explained below.
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Figure-1. Stages in the development of an expert system.

2.1 Problem Statement

At this stage it is sought to provide a tool that
characterizes the designs of photo-voltaic and wind power
generation systems, to provide a solution to the problems
that arise in the design processes of generation systems
and reliability in the results that are obtained through the
expert system.

2.2 Finding Human Experts

At this stage of the development of an expert
system, the engineer Santiago Gonzalez Castafio, an
instructor of the National Learning Service (SENA),
participated as an expert, who, with his experience and
through the course of installing photo-voltaic systems,
taught us how to design systems obtaining photo-voltaic
and wind energy to carry out the expert system.

2.3 Expert System Design

At this stage for the design of the expert system it
is decided that it will be an application with client-server
architecture. The expert system will be divided into two
large parts, the first one will be the database or knowledge
base, in this case called server, this database is loaded by a
cloud-based web server created through a web
development framework and encoded in a free software
programming language; The second part called the client
will be the mobile application, which will perform all the
calculations of the systems for obtaining photo-voltaic and
wind energy, designed from the free software development
environment.

2.4 Choice of Development Tool

At this stage the tool for client and server
development is chosen, for the client development, the use
of smartphones was used as a base and a mobile
application is developed as an expert system using the
Android Studio development environment, coded in

language JAVA programming. A cloud-loaded VPS
(private virtual server) was used for the server, created
using the Django web development framework as a
database, encoded in Python programming language.

2.5 Building and Testing Prototype

For this stage a base prototype has been
developed in order to test the ease that the user has with
the interface when entering the application the design
requirements and the response that the application
delivers. Simultaneously, the results delivered by the
application are reviewed and compared based on a design
previously made and verified in order to verify the
characteristics delivered by the expert system are reliable
and correct. This process is done until you find the
prototype that works correctly to move to the refinement
of the mobile application.

2.6 Refinement and Generalization

This process is carried out synchronously with
the previous stage in order to find the prototype that works
correctly and improve the initial designs of the mobile
application.

2.7 Maintenance and Updating

At this stage, the mobile application is delivered
with the expert system to the project manager, this being
the end user who verifies that it meets all the requirements
proposed in the problem statement and shows the final
product updated.

3. ANALYSIS

This project is developed based on the need to
provide a tool that achieves the characterization and
validation of the designs of photo-voltaic and wind power
generation  systems, taking advantage of current
technological and computer advances such as mobile
applications and expert systems.

At present it is evident that, for the development
and implementation of photo-voltaic and wind systems,
there is a need to go to an expert on the subject, which this
expert through a design process provides a description of
everything necessary for the implementation of power
generation systems, either photo-voltaic or wind.

With the technological advance that is now at
hand such as mobile devices, it is sought to generate an
additional option of having an expert in photo-voltaic and
wind generation systems through a mobile application,
which can provide information from any site with Internet
connection and obtain the design for the implementation
of photo-voltaic and wind power generation systems at no
cost.

3.1 System Modelling

Figure-2 shows the navigation scheme between
screens of the application represented by a flowchart.

The system is modeled by implementing the
UML unified modeling language, which visually and
easily expresses the operation of the system, UML allows
a modeling of the static components of a system (use case
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diagrams, class diagrams), as well as the dynamic
behavior of its main elements during its operation,
including state diagrams and sequence diagrams (Vidal,
2012).

It begins with the diagram of uses represented in
Figure-3, which allows a description of the actions of the
system through the way in which an actor interacts with
the system through operations or use cases.

First, the clements that make up a use case
diagram are identified in order to describe how these
interact.

Below are the actors and use cases of the system:

Actor 1: Client-user. Actor who is linked to the
mobile application, and through which he accesses the
services offered by the application.

Actor 2: Server - expert. Actor responsible for
the proper functioning of the mobile application,
managing the database and process control software.

With the actors and each of their functions
identified, we proceed to determine the use cases that
interact in the system in order to make the respective
design.

The identified use cases are the following: Wind
system, Photo-voltaic system, Photo-voltaic system with
batteries, Photo-voltaic system interconnected to the
network, Calculate.

Figure-2. Flowchart of the expert system.
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Figure-3. Use case diagram.
Possible cases are described below:

Use case 1. Wind system: Process where the
user can perform the calculation of wind power generation
system, the expert system asks a series of questions and
selecting a series of elements, gives the final result of
everything necessary for implementation of a wind
system.

Use case 2. Photo-voltaic system: Process where
the user wishes to obtain the calculation of the photo-
voltaic power generation system, there are two use cases,
which the user can choose if he wishes to calculate the
photo-voltaic system interconnected to the network or
system Photo-voltaic implementing batteries.

Use  case 3. Photo-voltaic system
interconnected to the network: Process in which the user
interacts with the application through a series of questions
and selection of elements (solar panels, inverters), where
finally using the calculate button, the expert system throws
the result of everything necessary for the implementation
of a photo-voltaic system interconnected to the network.

Use case 4. Photo-voltaic system with
batteries: Process in which the user interacts with the
expert system through a series of questions and selection
of elements (solar panels, inverters, batteries), where
finally using the calculate button, the expert system throws
the result of everything necessary for the implementation
of a photo-voltaic system with batteries or also called
isolated photo-voltaic system.

Use case 5. Calculate: In this process the user
accesses a form where he delivers a quote with all the
necessary elements for the implementation of a photo-
voltaic or wind generation system, this form shows the
elements for the implementation of the system, quantity,
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price, total value and finally, some additional items of how
the connection to the inverter should be made if it is a
photo-voltaic system, the minimum area necessary for the
implementation of the system and the monthly savings if
the system is implemented or the estimated recovery time
from the investment.

3.2 Interface

The mobile interface or application is the means
by which the client connects to the expert system through
an Api Rest with the web server (Mgbemena, 2016), with
the aim of making use of the necessary elements for the
implementation of the system calculation. Photo-voltaic
and wind generation, in addition to obtaining a quote or
total value of all the elements, there are some monthly
savings items in pesos and minimum area necessary to
perform the installation.

The application view is shown in Figure-4, which
shows us the step by step to reach the most optimal
infrastructure solution of Expert System.

Movistar = % S4p 3:28 p.m.

Sistema de Calculo Fotovoltaic... £

Bienvenidos al
sistema experto
para calculo de

generacion de energia
fotovoltaica y edlica

SISTEMA FOTOVOLTAICO

SISTEMA EOLICO

Figure-4. Expert system interface.

3.2.1 Photo-voltaic generation system

The customer when choosing the photo-voltaic
system may choose interconnected to the network or with
backup batteries as shown in Figure-5.

Movistar = *%a Sah 3:28 p.m

< Sistema de Calculo Fotovolt...

Sistemas de Energias
Fotovoltaicos

INTERCONECTADO A LA RED

CON BATERIAS

Figure-5. Generation photo-voltaic interface.

Figure-6 shows the sequence when choosing the
photo-voltaic  generation backed by the national
interconnection network.

€  Sistema de Célculo Fotovolt... € Sistema de Calculo Fotovolt...

Sistemas

Interconectados a la
Red el SIMAX 156 Solarmodule SQPST2-250W

3. Selecciona el tipo de panel solar
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3. Selecciona el tipo de panel solar
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c) d)

Figure-6. Generation photo-voltaic interface
interconnected to the network.

In the process of calculating a photo-voltaic
system interconnected to the network, the average value of
energy consumption required by the customer is entered;
the location of the location where the system will be
installed is chosen; choose a type of solar panel with its
characteristics and price (b), likewise choose the inverter
with its characteristics and price (d). It ends with the
calculate button, giving a result of a quote with the
necessary elements for the installation of the chosen power
generation system (e).

3.2.2 Photo-voltaic generation system

< Sistema de Cdlculo Fotovoltaico... €  Sistema de Célculo Fotovoltaico...

: 3. Selecciona el tipo de panel solar
Con baterias i

Panel Panel Solar JYNK..
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2. Seleccione el lugar a instalar VPMM (v}
sistema fotovoltaico

Dimension {m)

N

© gy
&
= =
=
o
0
)

IMPP (&)

Departamento

Hora solar pico 4.8 h

ISC (A)

&
@
>

Precio 320.000

4. Datos bateria

s320000

€ Sistema de Calculo Fotovoltaico... &  Sistema de Célculo Fotovoltaico...

5. Escoja la bateria que desea 6. Selecciona el tipo de inverser

instalar
Bateria BATERIA TROJA
Numero de c ore!

225 ah =

Voltaje entrada MPPT (v)
|

Valtaje del sistema (v)
15 %

Inversor HUAWEL..

Capacidad de |a bateria

Profundidad e descarga

5%
Precio $1.500.000

[

=3 = =
>

98,4 %

2,500,000

CALCULAR

Figure-7. Generation photo-voltaic interface
with batteries.

For this first section, the user must enter the
average energy consumption that he wishes to generate in
one day. Then the user will choose the city in which he
intends to implement the power generation system. The
expert system will provide the specific peak solar hour
(HSP) that each location has. Once the previous step has
been completed, the user will select from the options that
the expert system provides the panel with which he wishes
to implement his photo-voltaic power generation system.
Depending on the choice made by the user, specific
electrical characteristics available to each solar panel may
be known. The user must also enter the days of the week
that the system will have total autonomy from the public
electricity grid. With this selection you must choose the
type of battery with which the energy storage bank will be
designed.

The electrical characteristics of each battery will
be charged automatically by the expert system. Finally, the
user must choose the inverter that he will implement with
his power generation system within the options offered by
the expert system. The electrical characteristics contained
in each inverter will be automatically charged by the
expert system. Finally, the “CALCULATE” button will be
pressed and the characterization of the photo-voltaic
system will be obtained.
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Figure-9. Wind generation interface.

In Figure-10, the user can appreciate everything
necessary to implement a wind system according to the
energy value entered and the location of their choice. In
this you will find the pertinent elements for the assembly
of the wind system together with its prices and
characteristics.

Figure-8. Results Generation photo-voltaic with batteries.

In this view you can see the results of the design
of a photo-voltaic system with batteries. Among the results
are items such as quantities, individual prices and totals as

well as some specific specifications for each design. Instru Sarae Precio
Aerogenera- Velocidad $18.876.900
. . dor Borna de arranc e
3.2.3 Wind generation system 5000 0 " Ssmre
. Regulador Configu $5.299.000
The user inserts the boot data so that the expert MPPT WIND  racion de
. . . 25+ I 124V
system starts the characterization of the wind system Cortiante de
. carga: 150A
deSlgn. Bateria BAE Capacidad > $75.623.000
. € = A bateria:
Among the data that the user can provide we find Pwvv BLOGK  1260AN
. . SOLAR GEL Volta : 2V
the power (W) that he intends to generate and the location modelo v Profundidad
. . . 1260ANK de Descarga:
of the future project. By entering this data, the system 70%
. . Inversor VOLTAJE $7.143.000
generates the wind speed (m / s) and the wind rose. Phoenix DEL
. . C24/5000 SISTEMA: 24
Finally, the “CALCULATE” button will be pressed and 0 v
. . . . . IDC: 11 A
the characterization of the wind system will be obtained. ISS: s A
Something has failed: It is an alert message that caitE
will be displayed in case where you want to implement a 220 v AC

wind system the wind speed is low and it is not
recommended to carry it out in that location.

_ TIDA0RLP00

ATRAS

Figure-10. Wind generation results.
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4. CONCLUSIONS

With the use of expert systems, it is sought that
people with little experience can successfully carry out
problems that require specialized formal knowledge in a
practical and quick way.

This project demonstrates the efficiency,
reliability and ease offered by expert systems in problem
solving, thus checking that these can be a great application
tool in the different branches of knowledge.

By making the entire application with the client-
server architecture, where the server is in the cloud, it
allows the possibility of having n number of clients which
may be on other n platforms, for this case the client is
developed on the platform of Android Studio

With the use of a REST API as an intermediary
for the communication of data between the web server and
the clients, it is possible to make the export of data more
secure since these clients do not make direct SQL queries
on the database.

Communication between the web server and the
clients is standardized through the REST API so that
regardless of the language in which the client is located, a
request is made in a single way and thus obtain a single
response for the various clients, thus deriving in a total
control of the information regardless of the precedence of
the information requests.

A pleasant experience in the use of the interface
for the end user is achieved by developing the application
in the Android Studio platform.
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