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Abstract

The bonding between searching and technological
development strengthens commercial opportunities in 4th
industrial revolution. This research analyzed main
scientific contributions, published about
commercialization and transfer of technology on 4.0
industry environment. The study was applied with 52
articles analyzed, which 30 of them objectively complied
the study field from 2015 to 2020, an empiric
methodology was applied, which allowed the theoretical
construction, being the intellectual property the main
commercial armor tool concerning patent management.
Inside findings it was discovered a need of new strategies
development to strengthen and accelerate the
commercialization and transfer processes of technology,
due to industry features 4.0, which has accelerated
changes in most of the sectors, improving processes and
information optimization, generating opportunities in
international markets. Because of that the knowledge
achieved in technological innovation can boost
competitiveness  besides income  generation  for
organizations, but it must reach the commercialization
and transfer stage, which has been achieved through the
patent of the invention. According to the patent office
registration, Mexico has one of the lowest levels
compared with the main world economies. It is
recommended to study more about this topic due to the
scarce information in this field of study.

Technological Licensing, Intellectual Property, 4.0
industry

Resumen

La vinculacién entre investigacion y desarrollo
tecnoldgico fortalecen las oportunidades comerciales en
la cuarta revolucion industrial. Esta investigacion analizé
las principales contribuciones cientificas, publicadas
sobre la comercializacion y transferencia de tecnologia
en el entorno de la industria 4.0. El estudio se realiz6 con
el analisis de 52 articulos los cuales 30 cumplieron
objetivamente el campo de estudio en el periodo del afio
2015 al 2020, aplicando una metodologia empirica la
cual permitié la construccion teérica destacando el uso
de la propiedad intelectual como principal herramienta de
blindaje comercial en la gestion de patentes. Dentro de
los hallazgos se encontrd la necesidad del desarrollo de
nuevas estrategias para fortalecer, asi como acelerar los
procesos de comercializacion y transferencia de
tecnologia, debido a las caracteristicas de la industria 4.0,
la cual ha acelerado cambios en la mayoria de los
sectores, mejorando la optimizacion de procesos e
informacion, generando oportunidades en los mercados
internacionales. Por tal motivo la generacion de
conocimiento reflejada en innovacion tecnolégica, puede
impulsar la competitividad ademas de la generacién de
ingresos para las organizaciones pero debe alcanzar la
etapa de la comercializacion y transferencia, que se ha
logrado a través de patentar la invencion.

Licenciamiento tecnolégico, Propiedad intelectual,
Industria 4.0
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Introduction

There is a gap between technological.
development and technology
commercialization, due to the product buying
purpose is mainly influenced by its perceived
value. Success depends on the importance of
processes of markets investment, as well as the
proportionally commercialization to
technological development, since models such
as technology life cycle are found, where
factors as losing a patent or intellectual property
can directly influence on make shorter the life
of products and technology.

Considering the global ambit, countries
have to take in mind that digital world access
opens opportunities for a sustained prosperity,
so it must be considered a strategical
development that aims in its implementation the
unemployment reduction, inequality, and
poverty eradication. In this sense, digital
economy is quickly impacting to global
economy causing big changes and growth,
influencing on the commercial exchange of
products and services as well as their related
activities OCDE (2015).

Digitalization is transforming value
chains in different directions allowing the
opening of new channels, which make possible
adding more value, stretching towards
structural changes that will affect directly and
indirectly to companies, countries and their
workers; impact level will depend on
development level, the speed of digital
preparation, policy adoption and national
implementation, regional and international
UNCTAD (2019).

In recent years, the 4.0 industry has
caught searchers and businessmen attention,
since it contemplates a wide market, spanning
production  processes,  efficiency, data
management, relationship with consumers,
competitiveness as well as technological scaling
and maturation. For Lalanda, Morand and
Chollet (2017) 4.0 industry is based on the
application of new production techniques, new
materials and the wide use of new digital
technologies.
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The importance of accelerating the
selling process of patents and implementing
commercialization strategies and technology
transfer within 4.0 industry environment,
requires having competitive traits due to
markets tendencies, where the creation of
intelligent processes is characterized for the
adaptation capacity and productive resources
efficiency. Jasiulewicz, Saniuk & Nowicki
(2017).

In the new technological age, the
responsibility from universities is not based
only on formation anymore, but passing the
acquired knowledge through applied searching
for industry with economic and social impact.
Nowadays the ecosystem is in an evolutionary
process of technology boosted by the 4.0
industry, such as Hecklau, Galeitzke, Flachs
and Kohl (2016) indicated, which has as a main
goal the creation of a diversity of opportunities
for industries, by means of automation and
digitalization process integration.

Bonding strategies with the triple helix
improve the commercialization and transfer of
technology process, since public universities as
well as investigation centers are financed by
government, in order that these form
professionals to investigation development in
early stages of maturation as well as solutions
validation. On the other hand, the private
businesses are those ones that acquire
technologies by means of licenses and
exclusivity contracts to ease the escalation and
the introduction of new inventions to the
market. The technological performance refers
to the absorption and application capacity with
success in the organization of the licensed and
commercialized technological packages.

The goal of this investigation is to
analyze the main scientific contributions,
published about the commercialization and
transfer of technology topic in the 4.0 industry
environment.

Materials and methods

Methods are very important in empirical studies
and for theory construction; databases were
used such as Ebsco, Conricyt, Thomson
Reuters, Science Direct, Scopus and Web of
Science.

VILLAFANA-DIAZ, Luis & LEZAMA-DE LA ROSA,
Miguel. Literature review on industry commercialization
and transfer of technology 4.0. Journal of Technological
Prototypes. 2020
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52 articles were analyzed, which 30 of
them achieved objectively the field of study
concerning commercialization and transfer of
technology inside 4.0 industry. In the same way
for the filtering of relevant data there were
applied different Boolean combinations AND,
OR and truncation *,? helping to obtain the
specific information.

In this same order and direction, the
searching was made from 2015 to 2020, with
the next key word combination in Spanish:
Transferencia de Tecnologia, Comercializacion
Tecnoldgica, Licenciamiento  Tecnoldgico,
Industria 4.0, Comercio Internacional, Patentes
de la industria 4.0, Digitalizacion Tecnoldgica.
In the same way with the next key word
combination in English: Technology Tension,
Technology Marketing, Technology Licensing,
Industry 4.0, International Trade, Industry 4.0
Patents, Technology Digitalization.
Commercialization  and  transfer  of
technology

Khadhraoui, Plaisent, Lakhal and Prosper
(2016) carried out a research work about the
factors that affect the transfer of technology
development from university to company.

They mentioned that one of the most
relevant factors that improve the processes of
innovation is technology transfer from
university to company. Nevertheless, the
potential barriers in the commercialization
process within universities are bureaucracy as
well as politics, nonexistence incentives for
researchers, applied research funds, low culture
concerning protection of intellectual property,
high costs related to escalation and verification
of technology.

Savescu (2017) proposed the
fundamental aspects of intellectual property in
the transfer of technology process with the
finality of decreasing the level of concentration
of falsification, as well as the novelty elements
piracy inside the creative processes. In his
results it could be observed how companies’
competitiveness increases by means of
intellectual property management as a tool for
technology transfer and economic development
inside the European Union.
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Hayter and Link (2018) showed how big
high technology companies improve their
market position through intellectual protection,
as well as divulgation of developed knowledge
through scientific publications (SP) as
commercial armor strategy. The SP are a legal
substitute to industrial property invalidity when
uncertainty of obtaining the patent title is very
high. They identified that in commercialization
and transfer of technology process the patents
as well as scientific articles are recognized as
an important indicator in the early stage
commercial activity.

Maresova, Stemberkova and Fadeyi
(2019) made a research about management
models and transfer of technology in
universities, which guarantee the increase on
success rate, since these represent a
fundamental role in investigation to the
development of tradable products. The research
results were 22 transfer of technology models,
from four approaches, internal strategies,
management and investment, politics and
business development; where main goals,
proceedings, strengths and each one
deficiencies are described. The study identified
new technology transfer models within
emergent economies, where highlights the
INNOSPICE model, which nourish software
technologies in market.

Industry 4.0

Philbeck and Davis (2018) commented that 4th
industrial revolution concept (4IR) has been
used as a synonym of 4.0 industry, an initiative
born in Germany between 2011 and 2015 which
is focused on the digital technology application
to manufacturing, despite this terms describe
different aspects they are related, being a very
important component in the 4IR narrative
focused in  the relationship  between
digitalization, transformational organization,
and the productivity improvement.

Mikulic and Stefanic (2018) mention
that 4.0 industry represents technology
development and wuse that alters industry
traditional models.

VILLAFANA-DIAZ, Luis & LEZAMA-DE LA ROSA,
Miguel. Literature review on industry commercialization
and transfer of technology 4.0. Journal of Technological
Prototypes. 2020
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They pointed out the traits that marks
the globalization, stablishing new challenges
with the existent resources generating new
concepts such as intelligent factories, cyber-
physical systems, stuff Internet, and intelligent
products, forcing companies to embrace the
new technologies to achieve all consumers
demands including high quality and added
value. They presented an article identifying
advantages, as well as disadvantages of
technology implementation considering the
human  factor impact, identifying the
relationship between 4.0 industry and the
efficient management, the main idea is to
connect all the elements to the value chain
process in just one system, to achieve it
successfully is necessary the human factor
inclusion in all stages from design and
technology implementation.

Kodama (2018) mentioned that
innovations that 4th industrial revolution
requires (4IR) will be characterized by the
accumulation of innovations, as well as
technology evolution instead of disruptive
innovations, besides fusing lines between
physical, digital, and biological areas. The
Japanese government proposed the term 5.0 to
make reference to the combination of social
problems solving and the economic progress
made by the 4.0 industry.

Magruk  (2016) indicated  that
uncertainty in the 4th industrial revolution give
birth to new potential fields of research, in his
work he analyses the different opportunities and
threats. The author identified that a
technological limit exists within the concept
used by companies. It was discovered that the
actual challenge is technology
commercialization, by consequence of the
infrastructure that is not adapted to these
technologies. The study considers that 4.0
industry has very complex systems that could
never be completely understood due to the
indetermination of the concept.

Nikolic, Ignjatic, Suzic, Stevanov and
Rikalovic (2017) proposed a study about
predictive systems for fabrication and
commercialization in the 4.0 industry, which
found that the pushing of technological
predictive systems has a positive consequence
in the loss of costs, improvement of production
and material resources efficiency.
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Industry 4.0 sustainable model through
commercialization shows the hidden innovation
value as well as competence in the market,
proposed by Misyunay, Mayhurova and
Zubkov (2018), it made an analysis of business
models and the competitiveness level, in the big
data, artificial intelligence, cyber systems and
stuff Internet, such study work developed the
creation of key indicators that affect the
competitiveness and the technology
commercialization, with financial impacts and
market shares growing in the medium term.

Intelligent objects require a minimal
human intervention to develop the auto
management capacities. In Kauffman and
Soares (2018) research, it was described the
intellectual property (IP) opportunities as a
commercialization strategy in the 4th industrial
revolution. According to the study the IP is the
intangible active that is fundamental in the 4.0
industry, due to the impact on the value chain in
the hardware protection, software and the
storage data processes; these could ascend to
the 80% of a company value. The study also
proposes de industrial secret as the best option
to protect the innovations related to the 4.0
industry, due to this decreases the level of
unfair competition, likewise in 2017 the success
rate improved in 69% the litigation in the
United States of America.

Dash, Farooq, Sankar and Sandhyavani,
(2019) made an evidenced study about
competence development in 4th industrial
revolution and the stuff Internet, the authors
mentioned that technological advances are
marked by the acceleration of innovation and
artificial intelligence estimating 30 thousand
millions of devices in 2025. Data was obtained
through a comparative of regulations,
theoretical evidences and challenges in
assimilation of new technological tendencies. It
was obtained that new innovation politics in
India are based on the digital empowerment by
the adoption of emergent technologies,
becoming the labor force more productive and
efficient.

VILLAFANA-DIAZ, Luis & LEZAMA-DE LA ROSA,
Miguel. Literature review on industry commercialization
and transfer of technology 4.0. Journal of Technological
Prototypes. 2020
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Commercialization and transfer of

technology in the 4.0 industry

The transfer of technology in the 4.0 industry
bring closer to the small and medium
companies to the efficiency and flexibility, the
study made by Wank (2016) showed the
opportunity to increase competitiveness from
digitalization as well as the interconnection in
the fabrication processes, making an analysis
from optimization in industry and the value
chain, which helped to link companies with the
4.0 industry technologies through new market
opportunities.

Dong and Jong (2017) presented a study
work about the determinant features in the
marketing performance in high technological
companies. It was found that these companies
use the social capital as a collaboration network
and bonding for the innovation growth in the
technological performance. The study was
crucial to identify the factors that influence the
performance and adaptation improvement of
technology in the process of commercialization
or discharge.

Technology transfer and human capital
in the 4.0 industry shows the acceleration in the
digital process between the academy, company
and government, is the case of the study
published by da Silva, Kovaleski and Pagani
(2018) in which the changes and perspectives of
human processes inside the 4.0 industry are
analyzed. The authors mentioned that the pillar
of this model is the big data, autonomous
robots, simulation, horizontal and vertical
systems integration, Internet stuff,
cybersecurity, cloud computing, additive
manufacturing and augmented reality.

Jun, Park and Jang (2015) developed a
technological assessment model based on the
European international patent classification
(IPC) H01S3/05 from a technology transfer of
big data. They identified that usually the
transfer of technology is made from universities
to companies through licensing; by
consequence they built the model from
intellectual property protection, data mining,
I+D planning, technological segments, as well
as future descriptive statistics. It brought a
model that strengthens the decision making in
the decreasing of financial risk in technological
investments.
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Gbadegeshin, (2018) proposed a new
slender marketing theoretical framework which
has as a main objective the reduction of
economic risks and the technical uncertainty for
the commercialization of new services and
products. It was obtained that due to the nature
of digital technology the commercialization
processes have to be validated fast through the
technical analysis of market and influenced by
the intellectual property. The digitalization
fusion in physical products, digital services as
well as biological spheres, improve the
commercialization process by means of
metadata sourcing, artificial intelligence and
automation that make easier the information
measurement bringing a competitive advantage.
The study helps to the commercialization
acceleration of high technologies by means of
the minimal investment in technical and
commercial validation inside health areas in
Finland.

In this way, Hyunji, Sun and Won
(2019) presented a study about the
technological performance which is based on
the 1+D performance in patents and selling
increasing as well as reduction of costs.
Likewise the commercialization performance
was measured according to PYMES
development capacity, identifying the success
factors of high technology industries
commercialization. It was obtained that
technological development cost has an
influence on the technical performance
competitiveness, that is, as higher is the I+D
cost greater is the commercialization capacity.
An opportunity was identified in relation to the
pymes performance in the Korean economic
industry.

The acceleration in the
commercialization and transfer of technology
from the opened innovation approach, study
proposed by Wahyudi, Rina and Retno (2019)
showed a variable measurement in the
commercialization of technology models
performance developed in universities. The
study helped to compare the efficiency in
commercialization strategies, discharge and
spin offs creation managed by universities.

VILLAFANA-DIAZ, Luis & LEZAMA-DE LA ROSA,
Miguel. Literature review on industry commercialization
and transfer of technology 4.0. Journal of Technological
Prototypes. 2020
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Kim, Sawng, & Park, (2019) propose a
validation model of the commercialization
process of a 3 stage digital innovation,
technology, product and market, where
technology acceptation depends on the
technological market potential as well as the
consumer’s perspective. The study identified
that the most advanced countries focus on
increasing the business competitiveness through
open innovation, due to the intention on buying
a new technology is significantly influenced by
its perceived value, this is, the importance on
demand of the digital technological market. For
increasing the commercialization opportunities,
it is wise to evaluate potential client needs and
the market size.

In this manner Yeverino and Montoro
(2019) made an investigation about the
efficiency and the productivity of academic
units in charge of technology transfer in
Mexico. It was obtained that a strong
heterogeneity in the institutions and searching
centers between a limited productivity, license
revenue, notifications of inventions, intellectual
property expenses, as well as the transfer of
technology offices experience, highlighting 40
years of retardation in this industry with respect
to most competitive countries such as USA.

The interest in the development of
searching work with technological basis within
higher education institutions in Mexico has
become bigger, with the objective of generating
new knowledge to compete, as well as
improving the national economic growth,
Puerta, Marin and Lopez (2017) developed an
institutional  framework to explain the
determinant factors in activities that make
easier the transfer of technology, such work
identified the necessity of managing the
intellectual property of universities by a transfer
of technology office, to encourage to
researchers and the academic staff, to protect
the intellectual property developed, to
strengthen linking activities with the business
and governmental sector and to spread the
technological projects with society. It highlights
the importance of maximizing the success
chances of technology commercialization
through the triple helix model, which is based
on the strategical linking between university,
company and government.
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Gathering OCDE data and indicators
inside its database about technology and
innovation, Mexico shows the following results
about triad patent register, indicator referring to
a registered patent in 3 patent offices: USA,
Japan and the European Union.

* Searchers «25 « GDPin
+ Government « Triadic Research &
Searchers Mexican Development

6,969 Patents « 0.313%
+ Searchers (USA, Japan, . 7,483
54,354 Europe). Millions of
Dollars

Figure 1 OCDE Mexico Indicators
Source: OCDE Innovation and Technology Indicators,
Data 2020

Comparing Mexico with the G20
countries, in 2017 Mexico was in the 17th
position with relation to the triadic patent
registration as it is showed in the next chart.

G20 Mexico registred 25 triadic patents and
occupied the 17th place.
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Graphic 1 OCDE indicators Triadic Patent Families
Source: OCDE Innovation and Technology Indicators,
Data 2020

According to the ENPECYT survey
made by INEGI in collaboration with
CONACYT, the perception in population over
18, relating to inventions, discovery as well as
technological development, shows a knowledge
level in population mainly moderate,
nevertheless the nullity perception is higher
than good and very good perception.
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accelerate the commercialization and transfer of
technology processes, due to the technological
industry features such as the importance of time
investment in validation stages, as well as
verification that regulatory organisms demand

and the incorporation in the market.
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The analysis shows that the
commercialization and transfer of technology
channel has been boosted through the synergy
between the triple helix, which is made of
universities by means of generating research,
the government through targeted innovation
policies at tax incentives, as well as companies
through investment in  escalation and
incorporation to the market.

Findings in this research describe the
intellectual  property importance as an
opportunity in the commercial armor process,
on the other hand, different models and
systemic processes application of technical
patent information to detect technological
licensing opportunities, taking in mind that 4.0
industry shows a fast growth and it is
considered as one of the main international
markets.  This  investigation makes a
contribution describing the different systematic
tools and processes that are used in companies,
governments and institutions in a 5 year period
to commercialize and transfer knowledge and
maximize the opportunities based on innovation
inside 4.0 industry with changing and dynamic
features.

Limitations when conducting research
are related with the scarce concentrated
investigation in the exploration of processes, as
well as strategies for commercialization and
transfer of technology, specifically in 4.0
industry, by consequence, it was identified an
opportunity in this area of knowledge to
develop new investigation. Consequently, later
it will be developed a multifunctional tool
based on strategic planning of a constant
monitoring of technologies developed in
universities through the technical study in
patents to accelerate the commercialization and
technological licensing process, which would
improve the competitive business success.
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Abstract

In this paper, an adaptive temperature controller for the
plastic extrusion process is designed. The proposed
controller aims to solve the set-point regulation problem
and the temperature trajectory tracking of a plastic
extrusion process. The controller is an adaptive version
of the First Sliding Mode Control which is robust
towards parametric  uncertainties and  external
disturbances. Also, the finite time convergence is
demonstrated by Lyapunov arguments. Finally, the
effectiveness of the proposed controller under several
scenarios is demonstrated by computer simulations.

Adaptive controller, Sliding modes control, Extrusion
process, Temperature control

Resumen

En este articulo, se disefia un control adaptable para el
proceso de extrusion de plastico. El controlador
propuesto estd enfocado en resolver el problema de
regulacion, asi como también el seguimiento de perfiles
de temperature en el proceso de extrusion de plastico. El
controlador es una version adaptable de control por
modos deslizantes de primer orden, el cual es robusto
ante perturbaciones paramétricas y externas. También, se
demuestra la estabilidad del controlador propuesto
mediante la teoria de Lyapunov. Finalmente, se
demuestra la efectividad del controlador por medio de
diferentes escenarios en simulacion por computadora.

Control adaptable, Control por modos deslizantes,
Proceso de extrusion, Control de temperatura
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Introduction

The extrusion process refers to any
transformation operation in which molten
material is forced through a nozzle to produce
an article with a constant cross-section and
definite length. In addition to plastics, many
other materials are processed by extrusion, such
as metal, ceramics or food, obtaining very
varied products such as aluminium window
frames, pipes, food, and so on (the reader can
be referred to (Hammond (2020), Guzman
(2020), Guerrero et. al. (2020), Urra (2020),
and Marquina (2020)). From the point of view
of plastics engineering, extrusion is one of the
most important transformations processes. The
plastic extrusion process is carried out in
machines called extruders. Although there are
extruders of various types, the most commonly
used are the single screw.

In the extrusion process, the polymer is
fed solidly into a large barrel and is pushed
forward with a constant velocity by the screw.
While passing through the barrel, the raw
polymer is gradually heated until the fed
polymer is melted. Finally, the melted material
is pushed out of the machine to be processed
(Su and Tsai, (1997)). In order to produce a
high quality extrudates, the temperature along
the barrel must be appropriately set and
precisely controlled (Su and Tsai, (2001)).

In recent years, several temperature
control techniques have been proposed. For
instance, classical schemes such as PD and PID
controllers and their adaptive variations (see
Taur et. al, (1995), Petrov¢i¢ et al., (2013),
Hamane et al., (2010)). However, it is well-
known that these controllers lack robustness
towards time-varying disturbances.  For this
reason, non-linear control techniques have been
developed (see for example, Yao et al., (2007),
Yao et al., (2008), Peng and Wei, (2011a), Peng
and Wei (2011b)). One of the most popular
robust technique is the Sliding Mode Control
(SMC). This method ensures finite time
convergence and its robust towards parametric
uncertainties and external disturbances as well.
However, the main drawback of this technique
is the undesirable chattering effect. In the study
of Su and Tsai (2001), a discrete first order
sliding mode controller for the temperature
control is proposed.
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To tune the developed algorithm, the
authors propose an adaptive law. However, the
adaption algorithm is complex and it has
several controller gains to tune. Moreover, the
method to tune the feedback controller gains is
not explicitly given.

In this paper, based on the previous
results of Su and Tsai (2001), an adaptive first
order sliding mode control for regulation and
trajectory tracking of temperature profiles is
proposed. The adaptation law is based on the
proposed technique by Plestan et al., (2010). In
our paper, we modify the adaption scheme in
order to develop a control law that does not
need information about the system and is robust
towards parametric uncertainties and external
disturbances. To the best knowledge of the
authors, this method has not been applied to
control this type of systems yet. Moreover,
compared to the work of Su and Tsai, (2001),
we address the trajectory tracking problem.
Finally, the proof of stability is proven by
Lyapunov arguments.

The remainder of this paper is organized
as follows: The temperature plastic extrusion
mathematical description is reminded in Section
2. In Section 3, an adaptive first order sliding
mode controller for regulation and trajectory
tracking problem and its stability anlysis is
presented. In order to demonstrate the
effectiveness of the proposed control scheme,
computer simulations are presented in Section
5. Finally, we make a brief conclusion on the
paper in Section 6.
Temperature Plastic Extrusion
Mathematical Model

The general energy balance equation in a
stationary volume control defines that the rate
of accumulation energy is equal to the rate of
input and output energy difference. Thus, the
energy balance equation, can be expressed as
follows:

dT
pepVeqr = @ — hA(T — T,,) 1)

where T is the temperature, T, is the
environment's temperature. p and c, is the
density and the specific heat of the material,
respectively. V, is the filament output velocity,
A is the filament area, and h is the heat transfer
coefficient.
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Finally, w is the input energy rate where
w > 0 is for heating and w < 0 is for cooling.
Then, arranging Eq. (1), yields to the following
dynamic equation:

c(lj_’i‘z hA Too_ hA T + w (2)

pcpVe pcpVe pcpVe

Note that the electric heaters and the
coolers are considered as the thermal actuators
of the term w. Considering that the actuator’s
internal dynamics is given by the following
equation:

yHwut) ifu=0

Y (w,u,t) ifu<o (3)

w =vy(w,u,t) ={

Where the electric heaters are activated
when the control signal u > 0 and the cooling
system is on when the term u < 0. It is
assumed that the functions y*(-) and y~(-) are
nonlinear, unknown but bounded. Now, from
Eq. (2), if we introduce the following variable:

hA w

V= T + 4

pVeCp pcpVe

Taking into account (4), the system (2)
yields to the following single-channel dynamic
system:

dT _ hA

= T+v
dt pcpVe
av _ ywut)
@ = popve + & (1) (5)

Where &,(t) is the unknown dynamics
of v. Moreover, in order to improve the the
given model, we introduce lumped disturbances
in each channel of the proposed system. Thus,
the system (5) can be expressed as follows:

= —a,T+v+E(b)
dv

E = aZY(wl u, t) + EZ (t) (6)

Where a; = hA/pc,V, and  a, =
1/pcyVe. Also, &,(t) contains the term &,(t)
and any bounded external disturbance.
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In real applications, it is well-known
that the partial information about the system
parameters is available only. Taking into
account this issue, it is assumed that the system
parameters «; are partially known. Thus, the
terms «; are divided into two terms, i.e., a; =
a; — a;, where @; is the nominal parameter
and @&; represents the term that contains the
unknown model parameter and model
uncertainties, and it is defined as &; = @; — «;.
Finally, taking into account the given
nomenclature, we can rewrite the system (6) as
follows:

=@ T+v+dy(t)
d ~
== &y (w,u,t) + dy (1) (7)

Where d;(t)Vi=1,2 are the
disturbance terms and contain the lumped
external disturbances &;(t) and &,(t), and the
parameter uncertainties. Moreover, this term is
explicitly defined as

di(t) =& (@) +a, T and  dy(t) = &(0) —
ay ().

Remark 1. It is assumed that the disturbance
term is bounded as follows:

ld; (O]l < §; (8)

Where §; € RV i =1,2is the positive
upper bound of the disturbance but it is not
known.

Controller Design

In this section, an adaptive controller based on
first order sliding modes theory is designed.
First, we introduce the sliding surface, o, which
depends on the error variable as follows:

o(t) =e(t) + Ae(t) 9)

Where e(t) =T(t) —T%(t) is the
tracking error, é(t) is the time derivative of the
error signal, T(t) is the temperature and T%(t)
is the desired temperature value. It is worth to
note that T4(t) is a function in time because the
proposed controller addresses the trajectory
tracking problem. However, to solve the set-
point regulation, the desired value needs to be
fixed to a constant value instead a function on
time.

GUERRERO, Jestis, GONZALEZ, Julio and CHIMAL,
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Then, the proposed controller’s V(G ]?) = g6 + 1 (R - I?*)I? _
! A

objective is to drive the error value to zero, this
means that T(t) — T4(t) in finite time, in spite
of the external disturbances and/or model
uncertainties. This condition can be achieved by
the following control law:

u(t) = aiz [(t) + @, T(t) — 2¢ — Rsgn(a)] (10)

Where T4(t) is the second time
derivative of T(t), sgn(:) is the signum
function and K is the controller's adaptive gain,
which its dynamics are given as follows:

1 -~
£ = {ﬁlalzsgn(lal ~WIf K2 Knin (1)
K lfl? < Kmin

Where B,u,k and K,,;, are positive
constants. The stability of the proposed
controller is given in the main theorem below.

Theorem 1. Let the temperature
dynamics of the plastic extrusion process given
by the Eq. (5). Taking into account the model
uncertainties and the lumped external
disturbance, the model (5) can be rewritten as
the equivalent system (7). Suppose that the
disturbance term d;(t) satisfies (8). Then for
any initial condition o(0) the sliding surface
o = 0will be reached in finite time via the
adaptive controller (10) with the adaptive gain
selected as shown in Eq. (11).

Proof. Injecting the control law (10) into
the time derivative of o given by Eq. (9), yields
to:

¢ =—Ksgn(lo| —w) +d; (&) +d, (1) (12)

Let us define the following candidate
Lyapunov function as:

V(o,R) =20*+=(R-K")’ (13)

Where 1 > 0. Also, note that the given
function is positive and radially unbounded in
almost everywhere except in the origin. Then,
taking its time derivative, one can obtain the
following expression:
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o[-Ksgn(lo| — ) + d,(t) + d, ()] +

+ LR -R)@lolsenol - ) (14)
< —K|o| - dslal + K*|o| — K*|o|

+ 2R — R)(Bsgnlol>(lo] — )

Remark 2. Note that the boundary of
the disturbances exists, but is unknown. This is:

Considering that there exist a K* > 0
such that K — K* < 0for all t > 0, then, it is

possible to rewrite the Eq. (14) as follows:

V() < (83 — I?*)IJI + g|1? - K-

—c|l?—l?*

5 = 1
+HR - K" (—|a| +Lsgnlofz(lo] -
= —(R* - 85)lol —¢|R —R*| -
= = 1
~[R = &*|(<lol + L sgnlolz(ol —w) —5) (16)

Let us define m; = K* — 85 and m, =
5> 1
R = R*|(=lo| + £ sgnlol:(lo] = w) — ).

Then, the above equation can be
rewritten as:

V(0,R) = —mylol — |k = R*| - m,

V(G,]?) _ —nl\/z%_ cmlli/_z_iﬂ -1,

V() < —min{m;V2,¢,/2n} (% + %) I
V(0,R) <~V - 0

Where y = min{nZ\/Z, c\/277}. The
analysis of the behavior of the time derivative
of V can be addressed by considering two cases
only. On the one hand, if we consider that ¢ >
u, this means that m, is:

1
ﬂz=—u+§u5—c>0 (18)

From Eqg. (18), it is easy to see that the
following condition holds:

1

_ B2
n=x (19)

This condition ensures the negativeness

of the function V = (0,K) when the
trajectories enter in the region K > K,;,,.
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On the other hand, when |g| < , it is
not possible to prove the negativeness of the
function V. However, based on the structure of

the dynamics of K, when the system
trajectories are in this region, the gain will
increase as time grows up and, eventually, the
value of o will satisfy |o| >pu and the
function V(x) will be negative definite.
Finally, the sliding surface o =0 will be
reached in finite time in spite of parametric
uncertainties and bounded external
disturbances. This means that the T'(¢) will tend
to the desired value T4(t) as time increases.

Remark 3. The main theorem given
above ensures the finite time convergence of
the system trajectories to the reference signal in
spite of parametric uncertainties and external
disturbances. However, it is well-known that
the main drawback of the first order sliding
mode control is the chattering effect. The
chattering amplitude is related to the controller
gain, this means that if the gain is set to a high
value, the amplitude of the chattering effect will
be large. Nevertheless, we can consider
different approaches in order to reduce the
chattering into the control signal. For instance,
a sigmoid profile is used instead the signum
function, or a Low Pass Filter (LPF) is designed
to alleviate the chattering effect. In this work,
we design the LPF as follows:

ev(t) +v(t) = u(t) (20)

Where o is a small positive constant.
Note that (20) represents the filter dynamics
and the variable v will be the new control
signal.

Simulation Results

In this section, the robustness of the proposed
controller is demonstrated through computer
simulations. The simulations were performed in
MATLAB software. The parameters used in the
simulations are synthesized in Table I. Also, we
consider the temperature profile for the PET
material. Finally, the controller parameters are
synthesized in Table II.
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Parameter Value

p 1380 [Kg/m3]

¢ 1350 [/ (kg * K)]
v, 0.0207[m /5]

K 133[W/m2K]

To 25[°C]

Table 1 System Parameters when PET material is
considered
Source: own elaboration

Parameter Value

1
0.005
1

0.1
min 0.01
2

x| = [= o>

e

Table 2 Control Parameter used in the simulation.
Source: own elaboration

In this study, we consider the simulation
for the temperature dynamics into the plastic
extruder feed zone only. Note that the proposed
methodology can be applied to each heat zone
of the extruder. In fact, the robustness of the
controller reduces the coupling effect when
several controllers are considered.

In order to demonstrate the positive
properties of the proposed controller, four
scenarios arise as:

— Nominal Scenario: In this case, the set-
point regulation is addressed without
considering external disturbances or
parametric uncertainties.

— Controller's robustness towards
parametric uncertainties: In this case, it is
assumed that the model parameters are
unknown, and therefore they are not
considered into the controller design.

— Controller's robustness towards external
disturbances: In this scenario, it is
considered external disturbances such as
environmental  temperature  changes,
sudden changes in the system parameters,
actuation failure and so on.

— Trajectory tracking test: The reference
signal is a time varying function. In this
test, external disturbances and model
uncertainties are considered.

GUERRERO, Jestis, GONZALEZ, Julio and CHIMAL,
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Nominal Case In this case, external disturbances are

In this scenario, the full knowledge of
the system parameters is considered. Moreover,
we do not take into account the lumped external
disturbance, i.e., d;(t) =0. The reference
signal is fixed to T%(t) = 260 °C. Finally, the
control law tested is given by Eqg. (10).

The set-point regulation results are
shown in Fig. 1. From this Figure, we can
observe that the temperature profile goes to the
reference signal in almost 2500 seconds, which
is a reasonable amount of time compared to
other studies (see Su and Tsai, (2001)). The
error signal plot is shown in the middle of Fig.
1. From this Figure, it can be observed that the
tracking error vanishes as time increases. At the
right lower part of Fig. 1, we can observe the
controller’s gain adaption. Finally, the left
lower part of Fig. 1 shows the controller’s
signal evolution. It is possible to observe that
the amplitude of the chattering effect was
reduced using the LPF.

Controller Robustness Towards Parametric
Uncertainties

In this scenario, the model parameters
are unknown. For this reason, we modify the
control law (10) as follows:

u(t) = a—lz [-2é — Rsgn(o)] (21)

Note that we have neglected the
term  f(x) = T%(t) + @& T(t), which is
related to the system's parameters.

Figure 2 shows the controller
performance when parameter uncertainties are
considered. As we can see, the trajectory
system tends to the reference value even in
presence of model uncertainties. In fact, the
behavior is similar to the previous case, and the
system converge to the T¢ in almost 2500
seconds. The error plot is shown in the middle
of Fig. 2. The evolution of the control signal is
displayed in the left lower part of Fig. 2. As
expected, the chattering amplitude is increased.

Controller's Robustness Towards External
Disturbances
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considered. We consider both cases: the
constant disturbance, i.e., d,(t) =10and a
time varying disturbance such as d(t) =
5sin(2mft) where the period was set to Ty =
50 seconds, and f = 1/Tf is the frequency

signal. The disturbance was introduced from
2500 to 4000 seconds.

The performance of the controller
towards the constant disturbance can be seen in
Figure 3. In the middle of Fig. 3 shows the
convergence of the error to the origin. The
evolution of the controller signal is displayed at
the bottom of Fig. 3. Finally, the gain evolution
is shown in the left lower part of the Fig. 3.

Fig. 4 shows the controller’s response
when time-varying external disturbance is
considered. In the upper part of Fig. 4, we can
see that the trajectory system reaches the
reference in spite of the external disturbance at
a time of 2500 seconds. In this plot, it is
possible to observe that the disturbance is not
completely  suppressed. = However, the
controller’s response is enough to minimize the
negative impact of the disturbance. In the
middle of Fig. 4, the error plot is depicted. The
evolution of the controller signal is displayed in
the left lower part of Fig. 4. From this Figure,
we can observe that the chattering amplitude is
increased because the controller needs to adjust
its gain to counteract the disturbance effect,
when the gain is increased, the chattering
amplitude grows up as well.

Trajectory Tracking test

In this scenario, the time-varying profile
trajectory tracking is proposed. The desired
profile is defined as T%(t) =260 +
5cos(2mft) where f is the signal frequency
with a period of T =100 seconds. The
reference signal is introduced into the system
dynamics from 500 seconds to the end of the
simulation. In this case, we have assumed that
the temperature of the extrusion process change
as different material is introduced into the
extrusion machine.

GUERRERO, Jestis, GONZALEZ, Julio and CHIMAL,
Martin. Adaptive temperature controller for plastic
extrusion process. Journal of Technological Prototypes.
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The trajectory tracking task is shown at
the top of Fig. 5, as we can see, the controller
converges to the reference in finite time. Also,
in the middle of Fig. 5, the error plot is
displayed. Finally, the control signal is shown
at the bottom of Fig. 5. It can be observed that
the controller’s effort is large when the desired
reference changes. In the right bottom side, we
can observe the evolution of the controller’s
feedback gain.

Conclusion

In this paper, an adaptive first order sliding
mode control has been proposed. The adaptive
controller is designed to address the trajectory
tracking problem but it can be used for the set-
point regulation paradigm. The stability
analysis for the resulting closed-loop system for
trajectory tracking has been addressed. The
proposed controller has been tested by
computer simulations in MATLAB for several
scenarios to prove its robustness towards
disturbances. The simulation experiments
results demonstrate the effectiveness, and
robustness of the proposed scheme to
uncertainties on the parameters of the system
and to external disturbances, as well. In this
manuscript, constant disturbances and time-
varying external disturbances were considered.
The design of the discrete adaptive SMC is a
part of future work.

Annexes
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Figure 2 Controller robustness towards parametric
uncertainties
Source: own work [MatLab]
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Abstract

This paper describes the design and development of a Graphical
User Interface through the virtual instrumentation software NI
LabVIEW using the VISA function, to graphically visualize
and storage the data of the climatological variables of
temperature and relative humidity. The graphical interface
offers the option to export the date, time and data of the two
variables to text documents with extension “.txt”, which
acquires the information of the electronic board wireless
monitoring and control, which uses a main device PIC16F877A
microcontroller. AMT1001 Precision Analog Sensor was used
to sense temperature and relative humidity. The PIC16F877A
was programmed using a C programming language in the CCS
Compiler compiler, to the data acquisition, and send it via
RS232 communication to the computer, using the PL2303
module USB to TTL converter. To check the GUI operation,
the electronic wireless monitoring and control card was
connected to the computer equipment by wire, however, the
monitoring of the climate variables can be done wirelessly by
XBEE technology. Future work aims to monitor the climate of
a horticultural greenhouse with XBBE technology, so that the
data is sent wirelessly to a computer that has the GUI, and is
also connected to Ethernet or WIFI, which will have the
LabVIEW graphical interface explained in this article, and the
data will be displayed / analyzed through the internet.

LabVIEW, PIC16F877A, climatological variables

Resumen

El presente articulo describe el disefio y desarrollo de una
Interfaz Gréafica de Usuario a través del software de
instrumentacion virtual NI LabVIEW mediante la funcién
VISA, para visualizar graficamente y almacenar los datos de las
variables climatol6gicas de temperatura y la humedad relativa.
La interfaz gréafica ofrece la opcion de exportar la fecha, hora y
los datos de las dos variables a documentos de texto con
extension “.txt”, la cual adquiere la informacién de una tarjeta
electrénica de monitoreo y control inalambrico, que utiliza
como dispositivo principal un microcontrolador PIC16F877A
en la adquisicion de datos. Se utilizd el sensor anal6gico de
precision AMT1001 para sensar la temperatura y humedad
relativa. El PIC16F877A se program¢ utilizando un lenguaje de
programacion en C en el compilador CCS Compiler, para
realizacion de la adquisicion de datos, y enviarlos por
comunicacion RS232 a la computadora, usando el maodulo
PL2303 convertidor USB a TTL. En trabajos a futuro se
pretende monitorear el clima de un invernadero horticola con
tecnologia XBBE, para que los datos sean enviados en forma
inalambrica a una computadora conectada a Ethernet o WIFI, la
cual tendrd la interfaz grafica de LabVIEW explicada en el
presente articulo, y los datos sean mostrados/analizados a traves
de internet.

LabVIEW, PIC16F877A, variables climatoldgicas
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Introduction

Data acquisition is the process of measuring an
electrical or physical phenomenon such as
voltage, temperature, pressure, among others,
with a computer. A Data Acquisition System
(SAD) consists of sensors, measurement
hardware, and a computer with programmable
software (National Instruments, 2020). Figure 1
shows a block diagram of a data acquisition
system.

Driver

Signal conditioning - software

Sensor - Hardware Bus PC

Analog - Digital <= Application
Converter software

Figure 1 Block diagram of a SAD
Source: self-made

In a SAD the sensor converts a physical
variable into an electrical signal that can be
measured. The hardware acts as the interface
between the computer and the physical variable
measured by the sensor, and functions as a
device that digitizes analog signals for a
computer to interpret. A computer with
programmable software is used to process,
visualize and store data for the physical
variables that have been measured (National
Instruments, 2020).

Air temperature, relative humidity (RH),
radiation and CO_2 concentration are physical
variables that must be measured within a
horticultural greenhouse, since they play an
important role in product quality, profitability
avoiding losses in cultivation and in the use of
agrochemical inputs (Martinez & Roca, 2011).
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Knowing the development of plant pests
and diseases, diagnosing if a good biotic (with
bumblebee) or abiotic (forced) pollination is
taking place inside the greenhouse, are some of
the reasons why horticultural producers monitor
with a Graphical Interface User Interface (GUI
by its English name, Graphical User Interface)
that is interactive and friendly.

A GUI is a fundamental part of any
application, to help the user to accomplish tasks
quickly, easily and satisfactorily. When the user
begins to work with the computer, it interacts
with the Interface, either with that of the
operating system, that of a particular software
or that of any website (Albornoz, Beron, &
Montejano, 2017).

LabVIEW is an application software,
which facilitates the interaction between the
computer and the user, to acquire, analyze and
present data of physical variables that have
been measured (National Instruments, 2020).
Therefore LabVIEW can be used in a SAD and
in the design of a custom GUI.

The purpose of this paper is to develop
and design a GUI using the VISA functions of
LabVIEW, to graphically display and store air
temperature and RH data.

The article is organized as follows: The
electronic card (hardware) and the analog
sensor AMT1001, used in data acquisition, are
described in the methodology section. Later in
the same section it is mentioned how the data of
the electronic card is sent to the port of the
computer, for graphic programming in
LabVIEW and the design of the GUI. Then, in
the tests and results section, the operation of the
GUI is presented. Finally, in the last section the
conclusions and future works are presented.

PEREZ-GARCIA, Victor, QUINTANILLA-DOMINGUEZ, Joel,
YANEZ-VARGAS, Israel and AGUILERA-GONZALEZ, José. Design
y development of a graphical user interface in LabVIEW for acquisition
and visualization of climatological data (temperature and relative
humidity). Journal of Technological Prototypes. 2020
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Methodology
Electronic data acquisition card

Figure 2 shows a block diagram of the
electronic wireless monitoring and control card
that was used as hardware in data acquisition, to
interact as an interface between the sensor and
the computer.

Sensores: 1/0 Sensores | Circuito
*Inductivos. ’ digitales r analdgicos | de potencia
“C itivos.

apiwos [REO-RE1] [J™|ANO - AN3] t

Acoplamiento
e _ADC_ ) “Coie
plamiento - m <

Optico N Teclado

&i% - matricial
SR S Pantalla
24LC256 = ‘ e
Reloj $ Botén
[_)313(]]7 - Interruptor

: RS232

Sensores o Conversor

digitales | [XBEE-PRO USB aTTL
12C >
One-Wire

Figure 2 Block diagram of the electronic wireless

monitoring and control card
Source: self-made

The electronic wireless monitoring and
control card has as its main device a
PIC16F877A Microcontroller from Microchip,
and female header connectors to connect four
analog sensors, an inductive or capacitive
digital sensor with 12 Volt output and digital
sensors with 12C communication protocol. and
One-Wire.

The data obtained during the sampling
can be sent to the computer in two ways: wired,
using a USB to TTL converter module that
connects to two female header connectors on
the electronic card, or wirelessly, with an
XBBE module integrated in the electronic card.
Figure 3 shows an electronic connection
diagram of the header connectors and XBEE
module to the PIC16F877A.
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sv RESET b
e

Rhartces

PIC16FB7TA

ISTRIAL
ONOFF 1-WIRE BUS)

veoled s

GND

'CONECTOR
HEADER

Figure 3 Electronic connection diagram of the XBEE
header and module connectors to the PIC16F877A
Source: own elaboration, electronic diagram obtained
with the PROTEUS ISIS simulator

Figure 4 shows the physical form of the
electronic wireless monitoring and control card,
which was used as hardware in data acquisition.

Figure 4 Physical form of the electronic card for wireless
monitoring and control
Source: self-made

Temperature and  relative

measurement

humidity

The AMT1001 sensor was used to measure the
weather temperature and RH. Figure 5 shows
and describes the AMT21001 sensor terminals.

PEREZ-GARCIA, Victor, QUINTANILLA-DOMINGUEZ, Joel,
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and visualization of climatological data (temperature and relative
humidity). Journal of Technological Prototypes. 2020
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) ) o 5V, LYK 10KQ < Vrou
Figure 5 AMT1001 Sensor Terminals Description e I Trimpot
Source: self-made -
The output voltage Vhout is a linear -
voltage in the range of 0 to 3 Volts

(Temperature and Humidity Module AM1001 /
AMT1001 Product Manual, 2020), which was
measured with analog channel AN1 of the
PIC16F877A Digital Analog Converter (DAC).
The relationship between HR and Vwhout is
shown in equation 1.

HR = YHout oy (1)

0.03

To measure temperature, the AMT1001
sensor has a 10KQ NTC negative coefficient
thermistor, between terminals 1 and 4. Table 1
shows some parameters of the NTC thermistor.

R, B
reference
temperature
resistance
(298.15K)
(25°C)

10KQ 3435

Temperature

Thermistor | operating range
constant (°C)

—40~125

Table 1 Some parameters of AMT1001 sensor NTC
thermistor
Source: self-made

A precision Trimpot potentiometer set to
10 KQ was connected between terminal 4 and
ground, to obtain the output voltage Vrout. The
Vrout voltage was measured with the analog
channel ANO of the DAC of the PIC16F877A.
Figure 6 shows an electrical connection
diagram between the NTC thermistor and the
Trimpot.
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Figure 6 Electrical connection diagram between the NTC
thermistor of the AMT1001 sensor and the 10KQ
Trimpot

Source: own elaboration, electronic diagram obtained
with the PROTEUS ISIS simulator

A circuit analysis was performed to the
electrical diagram of Figure 6, to obtain the
relationship between the temperature in degrees
centigrade T (° C) and the volatility Vout.
Applying Kirchhoff's Voltage Law (KVL)
clockwise to the closed path of the electrical
diagram in Figure 6, equation 2 was obtained.

—E+Vr + Vrou =0 (2)

By applying Ohm's law in the NTC
thermistor to obtain Vr, and by substituting in
(2) it was possible to obtain equation 3.

—E + IRT + VTout =0 (3)

Using Ohm's law in Ri, we obtain
equation 4 that calculates the electric current 1.

VTout
I = 4
R @

If we substitute (4) in (3) and solve for
R, we obtain equation 5.
ER,

RT =
VTout

— Ry ()

PEREZ-GARCIA, Victor, QUINTANILLA-DOMINGUEZ, Joel,
YANEZ-VARGAS, Israel and AGUILERA-GONZALEZ, José. Design
y development of a graphical user interface in LabVIEW for acquisition
and visualization of climatological data (temperature and relative
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Equation 6 relates some NTC thermistor
parameters to R.

1 1
Ry = R, F (T ™) 6)

. To, is the reference temperature 298.15
expressed in degrees Kelvin (25 °C).

° Ro, is the resistance of the thermistor at
the reference temperature.

. B, is a constant of the NTC thermistor.

. Tk, is the temperature expressed in
degrees Kelvin.

Solving for Tk from (6) and applying
the properties of logarithms, equation 7 was
obtained.

1
B Ry To

To convert from degrees Kelvin to
degrees centigrade, equation 8 is used.

Toc = Tx — 273.15 (8)
If (7) is substituted in (8) we obtain

equation 9 that is used to calculate the
temperature in degrees centigrade.

1
B Ry T

Equations (1) and (9) were used to
calculate RH and temperature in degrees
centigrade respectively. Within the CCS
Compiler, these equations were implemented in
the C language program code for the
PIC16F877A.
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Using the description of the AMT1001
sensor terminals in Figure 5, and the electrical
diagram in Figure 6, a single-sided Printed
Circuit Board (PCB) (Bottom Copper) was
made with the ARES tool from PROTEUS.
Figure 7 shows the PCB made for the
AMT1001 sensor.

AMT1001

. vDD - . | VTout
\/Hout ot 10k VHout
- - Ground - N PYk &5V
@ VTout | E] 5 . #| Ground

Figure 7 Bottom Copper face of the PCB in ARES
Source: own elaboration, PCB design obtained with the
PROTEUS ARES tool

©)

Figure 8 shows in physical form the top
view of the PCB made for the AMT1001
Sensor.

Figure 8 Top view of the PCB made for the AMT1001
sensor
Source: self-made
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Sending the climatological data to the
computer by RS232 communication

The PL2303 USB to TTL serial converter
module from Prolific was used to communicate
the PIC16F877A of the wireless monitoring and
control electronic card with the NI LabVIEW
virtual instrumentation software, using an
asynchronous RS232 serial communication
protocol.

In the serial transmission of data to the
computer, the PIC16F877A sends the
temperature or RH in a seven-byte ASCII
character string format. Figure 9 shows the
format used to send and identify the value of
the climatological variables.

December 2020 Vol.6 No.18 18-29

The CCS Compiler has functions to
send data through the USART module (Henao
& Duque, 2009). Figure 11 shows the functions
used in the C language program code to send
the HR value to LabVIEW.

printf(“0”); //Se envia ‘0’

printf(“%0.2f”,HR); //Se envia el valor de HR
putc(10); //Se envia caracter de nueva linea, fin del
dato

Byte O | Bytel | Byte2 | Byte3 | Byte4 | Byte5 | Byte 6

| E1l E2 . D1 D2 LF

Figure 9 Format of ASCII characters that are sent to the
computer port
Source: self-made

The first ASCII character sent is Byte 0
() with the value of '0" or '1', which indicates
whether it is the temperature or HR. The
characters from Byte 1 to Byte 5 is the reading
made by the PIC16F877A of the AMT1001
sensor, in two whole digits and two digits after
the decimal point. Finally, Byte 6 (LF) is the
newline character (10 in ASCII code) that is
sent to the end of the string. An example of the
ASCII character format is shown in Figure 10,
used to send the HR value to the LabVIEW
software.

Byte O | Bytel | Byte2 | Byte3 | Byte4 | Byte5 | Byte 6

0 6 5 . 3 0 LF

Figure 10 Example of the format for sending the HR
value to the LabVIEW software
Source: self-made
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Figure 11 Functions used in CCS Compiler to send HR
ASCII character format to LabVIEW
Source: self-made

The function printf ("0") writes and sends
the character '0', indicating that the characters
that will be sent after this character correspond
to the climatological variable HR. The printf
(“% 0.2f”, HR) function sends the value of the
climate variable HR, with two whole digits and
two after the decimal point. The putc (10)
function writes the newline character ‘LF’ in
ASCII code.

An example of the character format is
shown in Figure 12, used to send the
temperature value to the computer port.

ByteO | Bytel | Byte2 | Byte3 | Byte4 | Byte5 | Byte 6
2 5 . 2 0 LF

Figure 12 Example of the format for sending the
temperature value to LabVIEW
Source: self-made

Figure 13 shows the functions used in the
C language program code to send the
temperature value to LabVIEW.

printf(“1”); //Se envia ‘1’

printf(“%0.2f”,Tc); //Se envia el valor de
Temperatura

putc(10); //Se envia caracter de nueva linea, fin del
dato

Figure 13 Functions used in CCS Compiler to send the
ASCII temperature character format to LabVIEW
Source: self-made
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Graphical Programming in LabVIEW for
the Graphical User Interface (GUI)

A virtual instrument (V1) was developed in NI
LabVIEW using the NI VISA functions, based
on the methodology of (Flores Flores, 2014), to
establish RS232 serial communication with the
wireless monitoring and control card, read the
data that arrives to the serial communication
port, visualize, graph and export the data of the
weather variables. Figure 14 shows the program
code in graphic language (block diagram) of the
VI developed for the GUI.

Figure 14 Graphical language program code developed
in LabVIEW for the GUI.

Source: own elaboration, block diagram obtained from
NI LabVIEW

Figure 15 shows the blocks used to
configure and enable asynchronous serial
communication and the computer port.

VISA Configure VI_SA WISA
Serial Port Discard Enable
erial Fo Events Event
s

|-+

Unbundle
i By Name

Event Type

Serial Character |

Mot

Figure 15 Blocks to configure and enable serial
communication and computer port.

Source: own elaboration, obtained from the LabVIEW
block diagram
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The VISA Configure Serial Port block
configures the speed parameters (bits per
second), data bits, and parity. The VISA
Discard Events block clears the characters that
were left in the port from previous events. The
VISA Enable Event function enables the serial
port to receive a character or byte and place it
on hold. Since the wireless control and
monitoring card sends ASCII characters to
LabVIEW, the Serial Character option is
selected in VISA Enable Event. The first case
(True) of the Case Structure control structure is
used to process the characters that arrive
through the port, and the second case (False) is
used to rule out errors during serial
communication. The Unbundle By Name
element was connected with the not operator, to
convert the serial port error status to Boolean
values.

The VISA Wait on Event and VISA
read functions are used to wait and receive
respectively an ASCII character (Figure 16).

VISA
Wait on
Event

Figure 16 Functions to wait and receive an ASCII
character

Source: own elaboration, obtained from the LabVIEW
block diagram
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The VISA Wait on Event function waits
for an ASCII character before 1000 ms, if this
does not happen, an error is generated by VISA
Discard Events and VISA Enable Event. The
VISA read function receives the format of the
seven bytes of the temperature or HR before
reading them. The VISA read byte count
parameter was assigned the value of 7, to
indicate the bytes to expect.

Figure 17 shows the functions that were
used to convert the seven-byte ASCII character
format to a floating point number, and identify
whether it is the temperature or HR value.

Index Array "Caso 1" ¥
Fract/Exp String To Number

-

Fon
= d Grifica de Temperatura:
= -
String  [Bo#
Subset Decimal [123
string oE
To Number
“C
il
i
VISA Read
R 1

Figure 17 Functions to convert a character string to a
floating point number and identify whether it is
temperature or HR

Source: own elaboration, obtained from the LabVIEW
block diagram

The String Subset block separates byte 0
of the string from the seven bytes that VISA
read delivers in the read buffer, and sends it to
its output as a substring. The Decimal String To
Number block converts the substring (byte 0) to
an integer decimal number. To identify if the
character string corresponds to temperature or
RH, a Case Structure case control structure
(case 1 and case 2) was used. The assignment
of cases is carried out through the Index Array,
which in its row 0 has case 1 and in its row 1
has case 2. The rows of the array must match
the output of the Decimal String To Number (0’
or 'one’). The Fract / Exp String To Number
block separates byte 0 from the character string
that VISA Read sends, and converts the rest of
the string to a floating point number.
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In case 1 the numerical indicators and
graphs of the temperature were placed, and in
case 2 the numerical indicators and graphs of
HR.

The functions used to export a Table with
the date, time and the data of the two climate
variables to a text document ".txt", are shown in
Figure 18.

Get Date/ Hara y Fecha
TimeString i

Get Date/
Time In_Seconds

™ True vt
Build Array B ArrayTo
oy

x ¢ Guardar datos Spreadsheet
i String
Concatenate
Mumber To Strings
Fractional String

Concatenate
Strings ; Write to Text File

-7

Figure 18 Functions to export a Table with the date, time
and the measured variables of the climate to a text
document ".txt"

Source: own elaboration, obtained from the LabVIEW
block diagram

The functions Get Date / Time in Second
and Get Date / Time String obtain the date and
time from the computer clock in two strings,
one for the date and the other for the time. The
Number To Fractional String functions were
used to convert temperature and RH to
character strings. The Concatenate Strings
function was used to concatenate the symbol “°
C” with the temperature character string, in the
same way, another similar function was used to
concatenate the symbol “%” with the HR
character string. With the Build Array function,
the date, time, temperature and RH strings were
concatenated. Within a Case Structure case
control structure, the Array To Spreadsheet
String function was used to generate a Table
with the character strings concatenated by the
Build Array function. The case control structure
is conditioned by a logical button, when True
the Table is generated with the characters.
Finally, the function Write Text File prints the
Table in the text file ".txt".
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Design of the Graphical User Interface

In the front panel of LabVIEW the GUI was
designed mainly to graphically display and
store the data of the climatological variables of
temperature and RH. Figure 19 shows the GUI
designed on the LabVIEW front panel.

SISTEMA DE MONITOREO DE VARIABLES AMBIENTALES

iy [
JLVENTING ROSAS =

INTERFACE PIC-PC 70
CONFIGURACIGN DEL PUERTO | &
&0

[Ruta del archiva txt

Parar monitorea| Hora y Fechal
00:00:00 ¥. M.

=

DD/MM/YYYY

Figure 19 GUI developed on the front panel of
LabVIEW

Source: own elaboration, obtained from the LabVIEW
control panel

In the port configuration window, select
the computer port where the device is
connected, the communication speed, the data
bits, and the parity. The device connected to the
computer port can be any electronic
development board that handles the USART
asynchronous serial communication protocol.

To visualize the data of the variables as
they arrive at the computer port, the GUI has
two graphic windows, one to graph temperature
and another to graph RH. At the top of each
graph, there are numerical indicators where the
value of each variable is displayed in a number.
A thermometer as a graphical indicator is
displayed to the right of the temperature graph,
and a hygrometer is displayed to the right of the
RH graph.
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In the lower left part of the GUI there is
an indicator with the time and date. These data
are obtained from the computer clock, and it is
very important that they are updated, since
these will be part of the historical data in the
measurements of the climatological variables.

The GUI offers the option of storing the
date, time and the data of the weather variables
in a text document with the extension ".txt".
The user must create the text document, give it
a name and save it in some path on the
computer's hard drive. In the Path of the txt file
window, you must select the path of the text
document where the data of the variables will
be saved. At the bottom is the Save data button,
when pressed it shows an appearance in orange,
indicating that the data of the variables will
begin to be stored in the text document.

Tests and results

To test the GUI operation, the wireless
monitoring and control electronic card was
connected to the computer by wire, using the
PL2303 USB to TTL converter module (Figure
20).

Figure 20 How to connect the wireless monitoring and
control electronic card to the computer
Source: self-made

PEREZ-GARCIA, Victor, QUINTANILLA-DOMINGUEZ, Joel,
YANEZ-VARGAS, Israel and AGUILERA-GONZALEZ, José. Design
y development of a graphical user interface in LabVIEW for acquisition
and visualization of climatological data (temperature and relative
humidity). Journal of Technological Prototypes. 2020



Article

27
Journal of Technological Prototypes

In the computer equipment where the
GUI operation was tested, the PL2303 driver
for the USB to TTL converter module was
installed, and the NI-VISA driver that allows
communication between NI LabVIEW and a
device connected to the port. For data
acquisition (measurement and reading), the
AMT1001 sensor was connected to the
electronic wireless monitoring and control card.
Figure 21 shows the sensor and electronic card
connected in a test performed for the GUI.

Figure 21 Connection of the AMT1001 sensor and
electronic card for data acquisition
Source: self-made

In the design and development of the
GUI several performance tests were performed.
Figure 22 shows how the GUI worked on the
LabVIEW front panel, for a test run performed.

INTERFACE PIC-PC .
CONFIGURACIGN DEL PUERTO | & -

Figure 22 GUI Operation on the LabVIEW Front Panel
Source: own elaboration, obtained from the LabVIEW
control panel
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Before running the test shown in Figure
22, the document path named Data.txt was
selected. The path of this document was a
folder named Store_Data (Figure 23).

| E R v N | Almacenar_Datos = =
Archivo Inicio Compartir wista ~ @
T |l » Almacenar_Datos v e Buscaren .. ©
ST Favori tos n Datos
1L Archives = Tamafio: 84.3 KB

1l CALIFICACIONES
M Descargas

kL Google Drive

B Escritorio

= Bibliotecas
[ Documentos

ot Mdisica
BEf videos

*@ Grupo en el hogar

%6 Equipo
2, Disco local (C2)

€ Red

1 elemento = =

Figure 23 Folder where the document Data.txt was saved
Source: self-made

During the test run, the Save Data
button was pressed, only to store some
temperature and RH values in the Data.tx
document. Figure 24 shows a printed table with
the date, time and data of the two climate
variables in the document Datos.txt.

3 Datos: Bloc de notas =t c
Archivo  Edicién Formato  Ver Ayuda

11/03/2020 = == == = = = > 06:26:00 p. M. > === mm - > 29.68°C >---=---s = (0.00% 2]
11/03/2020 > ------= > 06:26:01 p.m. > ------- >0.00°C »------4 > 23.13%
11/03/2020 = == == = = = > 06:26:02 p. M. > =--mm - > 29.68°C >---=---s = (0.00%
11/03/2020 > ------= > 06:26:03 p.m. > ------- >0.00°C »------4 > 23.13%
11/03/2020 = == == = = = > 03:10:13 pom. > ---m-- s > 20.58°C >------ = (0.00%
11/03/2020 = ------ - >03:10:14p.m. > ------- > 0.00°C > ------- = 23.62%
11/03/2020 = == == = = = > 03:10:15p.m. > --e-m--s > 29.68°C >---=---s = (0.00%
11/03/2020 = ------ - > 03:10:16 p.m. > ------- > 0.00°C > ------- = 23.62%
11/03/2020 = == == = = = > 03:10:17 p.om. > ---mm- s > 29.68°C >---=---s = (0.00%
11/03/2020 = ------ - >03:10:18 p.m. > ------- > 0.00°C > ------- = 23.62%
11/03/2020 = == == = = = > 03:10:19 p.m. > --e-m-- s > 29.68°C > - --->0.00%
11/03/2020 = ------ - >03:10:220 p.m. > ------- = 0.00°C >-- --->23.78%
11/03/2020 > == = = = = = > 03:1021 pom. > ----m- s > 29.58°C > - --->0.00%
11/03/2020 = ------ - >03:1022p.m. F------- > 0.00°C > ------- = 23.62%
11/03/2020 > == = = = = = > 03:1023 p.m. F---m-- > 29.58°C > -----n- = 0.00%
11/03/2020 = ------ - >03:10224p.m. > ------- = 0.00°C >-- --->23.62%
11/03/2020 > == = = = = = > 03:1025 p.m. Fm-mmm- s > 29.58°C > - --->0.00%
11/03/2020 = ------ - >03:10226 p.m. > ------ - = 0.00°C >-- --->23.62%
11/03/2020 > == = = = = = > 03:1027 p. M. P m-mmm - > 29.68°C > ------ = 0.00%
11/03/2020 = ------ - >03:1028p.m. > ------- > 0.00°C > ------- = 23.62%
11/03/2020 > == = = = = = > 03:10:229 p. M. P m-mmm - > 29.58°C > -----n- = 0.00%

Figure 24 Date, time and temperature and HR data in the
document Datos.txt.
Source: self-made
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Conclusions and future work

The purpose of the work was to develop and
design a GUI using the LabVIEW VISA
functions, to graphically display and store air
temperature and HR data. In the functional
tests, the GUI worked properly. In future work
it is intended to add control buttons to the GUI,
to control and activate electric actuators.

Figure 14 shows that the Operation
parameter of the Open / Create / Replace File
block is set to “open”, this causes the data to be
overwritten in the text document each time the
Save data button is pressed. To generate a new
text document each time the Save data button is
pressed and the data is not overwritten, the open
or create option must be chosen in the
Operation parameter.

The GUI stores the temperature and RH
data in a single “.txt” text document. If you
want to save a variable per text document, in
the LabVIEW graphical programming, you will
have to add an Open / Create / Replace File,
Write to Text File and Close File block for each
variable.

The program code for the PIC16F877A
and graphical programming in LabVIEW were
developed to work with temperatures from 0 to
99 ° C. To perform tests below 0 ° C both codes
would have to be modified. In the PIC16F877A
an 8-byte character string must be sent, where
one byte must be allocated to assign it an
ASCII character, indicating whether it is a
negative (less than 0 ° C) or positive (greater
than 0 ° C) temperature. ). In the LabVIEW
graphical programming, more blocks must be
added, cases in the control structures, and some
parameters of the functions must be modified.
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The GUI was designed to graphically
display and store data for two climatological
variables. If you want to add another variable,
such as Carbon Dioxide [CO] 2, the
Microcontroller will have to send three strings
of ASCII characters instead of two. In the
LabVIEW block diagram, more blocks and
cases should be added to the control structures.

In this work, the analog sensor
AMT1001 was used, however, with the
electronic wireless monitoring and control card,
digital sensors with 12C and One Wire
communication protocol can be used.

To check the operation of the GUI, the
electronic wireless monitoring and control card
was connected to the computer equipment by
wire, however, the monitoring of the climate
variables can be done wirelessly by XBEE
technology. Future work is intended to monitor
the climate of a horticultural greenhouse with
XBBE technology, so that the data is sent
wirelessly to a computer that has the GUI and is
also connected to Ethernet or WIFI.
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Abstract

In recent years the floods in Mexico caused economic
and human losses, therefore, it is necessary to use the
possible tools that can provide help to the government to
reduce damage from natural disasters. For this, we
decided to develop a graphical user interface, known as
GUI in Matlab for the segmentation of SAR,
Multispectral and POLSAR images, with the intention of
detecting flooding and vulnerable areas to flooding. The
designed software compute a rivers segmentation in order
to make the comparison between image with flooding
and the image without flooding from the same area, and
to obtain a visually result where a projection of the
vulnerable areas to flooding in the original image this
with help of basic segmentation algorithms such as
grayscale, binarization, dilation, wavelet, normalization,
filtering and edge detection.

SAR image, Matlab GUIDE, Flooding

Resumen

En los dltimos afios, las inundaciones en México
causaron pérdidas econémicas y humanas, por lo tanto, es
necesario utilizar las posibles herramientas que pueden
proporcionar ayuda al gobierno para reducir los dafios
causados por los desastres naturales. Para esto, decidimos
desarrollar una interfaz grafica de usuario, conocida
como GUI en Matlab para la segmentacion de imégenes
SAR, Multiespectrales y POLSAR, con la intencion de
detectar inundaciones y 4&reas vulnerables a las
inundaciones. EI software disefiado calcula una
segmentacion de rios para hacer la comparacién entre la
imagen con inundacion y la imagen sin inundacion desde
la misma area, y para obtener un resultado visual donde
una proyeccion de las areas vulnerables a inundacion en
la imagen original esto con la ayuda de algoritmos de
segmentacion  basicos como escala de grises,
binarizacion, dilatacion, wavelet, normalizacion, filtrado
y deteccion de bordes.

Imégenes SAR, Interfaz de Matlab, Inundaciones
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Introduction

Mexico suffer hundreds of human deceased and
economic losses due to the constant rains, river
overflows and landslides caused by storms or
hurricanes, the most dangerous occurring when
rivers are exceeded in their capacity and carries
excess water, mud and trash to small villages,
crops and cities, causing severe flooding and
even death explained in INEGI (2011) and
Index Mundi (2015). In recent years and with
current technology is possible to prevent
dangerous situations and thus increase the
probabilities of reducing human and material
losses when a natural disaster occurs. Aware
that natural events are unavoidable, it is
necessary to design a valuable tool in which,
using satellite imagery, images from drones
and/or air vehicles with synthetic aperture
radar (SAR) systems, can be assessed in a more
timely and effective way in areas damaged by
disasters, with the development of software that
will contain as main tools the use of image
processing and the design of a friendly interface
for the final user, how Popescu, Ichim y
Caramihale (2015) develop it.

Satellite or drone information allows not
only the planning and management of recovery
actions of the post-event areas, but in many
cases, can issue early warnings, prior to the
event. Floods emit precursor signals that a
satellite can detect and that would help prevent
dangerous situations. We design a software for
identify rivers, flooding zones and flood
predictions using image processing tools
(image segmentation, a priori information of
floods and images without flooding), the
software aims to support federal institutions of
government in Mexico such as Civil Protection,
INEGI (Instituto Nacional de Estadistica y
Geografia in spanish), SEMAR (Secretaria de
Marina in spanish), SEDENA (Secretaria de la
Defensa Nacional in spanish), CONAGUA
(Comision  Nacional del Agua) and any
institution that has access to SAR images,
images acquired by drones and/or air vehicles.

For monitoring flooding zones or areas
with probability for flooding, it is necessary any
tool that helps to analyse the land, population
and the environment, especially with new
technological advances in the remote sensing
(RS) area, such as the use of images from SAR
systems, LANDSAT satellites and polarimetric
image (POLSAR).
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For  flooding  segmentation and
classification areas or zones with water, an
analysis of RS images is required for to know
the multiple features in areas with water, with
the intention to get information that helps to
classify, separate/segment the class mentioned
above, an example is described in the research
paper (Shen, Wang, Mao, Anagnostou & Hong,
2019), where the study reviews theories and
algorithms of flood inundation mapping using
SAR data, together with a discussion of their
strengths and limitations, focusing on the level
of automation, robustness, and accuracy.

Avendano & Bayona (2014) and
Avendano, Mora, Vera, Torres & Prieto (2015),
describes that in order to prevent natural flood
disasters is important to identify the flood areas.
For this reason, in Colombia, Avendano
propose a computational tool in MATLAB,
able to detect and classify Colombia’s flood
zones in SAR images. They used different
classifiers, and according to the performance
we selected the best. The training database was
generated with the results of Fuzzy Clustering,
K -means and Region -Growing segmentations
on flood zones in SAR imagery. We used two
different classifiers: the first one is a Bayes
classifier, while the second one is a Support
Vector Machine (SVM). The United States
Geological Survey (USGS) Flood Inundation
Mapping (FIM) (USGS, 2017) program focuses
on developing one such product, a flood
inundation map library, and helping
communities pair that library with USGS real-
time stream data and National Weather Service
flood forecasts to form a two-dimensional flood
warning system. Together, these products can
help communities estimate the extent of the
flood and identify at-risk areas and resources in
advance of the floodwaters arriving, providing a
powerful advantage in the effort to keep people
and property safe from rising waters. In
Mexico, in the University UNAM (Parrot 2013)
development the software TLALOC (Three-
dimensional  Landscape  Analysis  Local
Operating Computation) represents a new and
powerful tool for the study of morphometry and
geomorphology from the use of Digital Terrain
Models (DTM). In fact, DTM describes more
accurately the land surface, in such a way that
they offer the possibility of studying in detail
the various aspects related to the shape of the
relief.
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An innovative tool for remote sensing is
(QGIS, 2019) (formerly also called Quantum
GIS) is a free code Geographic Information
System (GIS) for GNU / Linux, Unix, Mac OS,
Microsoft Windows and Android platforms, the
problem is that the project is for the study of
map and mapping, also (ArcGIS, 2019) is
general-purpose industry-standard software that
not only maps data but provides many means to
transform it for other purposes. Its tools can
extract related features, provide geostatistical
analysis, and generate 3D models and movies
of time-dependent changes.

However, all the previous
algorithms/softwares fail to locate flooded areas
with a large percentage, in addition to not
having information from multiple images of
remote perception (SAR, LANDSAT and
POLSAR), and it is added that they do not have
an interface that allows the user Make image
changes for later analysis.

For this reason, this research work
explains the design of a Matlab’s interface for
the detection and visualization of flooding in
RS images and areas with flooding probability.

Remote Sensing Introduction

In (Ryerson & Henderson, 1998) and
(Curlander & McDonough, 1991) Remote
Sensing (RS) can be defined as the science and
art of obtaining information about an object by
analysing the data acquired through a device
that is not in physical contact with that object.
RS systems, mainly used in satellites, drone and
Unmanned Aerial Vehicle (UAV), provide a
repetitive and consistent view of the earth that
is very important in the short and long-term
monitoring of the Earth's surface.

Some specific uses of RS images of the
Earth include: Large forest fires can be mapped
from space, allowing rangers to see a much
larger area than from the ground and tracking
clouds to help predict the weather or watch
erupting volcanoes, and help watch for dust
storms. RS contain multiple sensors or systems
but for this research paper we use three imagery
RS systems (SAR imagery  system,
Multispectral imagery system and POLSAR
imagery system).
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SAR image

SAR is a radar system used in space and air
vehicles that uses the relative movement
between the antenna and a region of interest in
order to obtain a finer spatial resolution than
would be obtained if the radar and the region of
interest were fixed with respect to each other.
(Curlander & McDonough, 1991) and (Moreira
et al., 2013). The electromagnetic pulses are
sent to the ground in a direction perpendicular
to the vehicle's flight and is implemented by an
antenna mounted on a mobile platform or
airplane from which a scene is repeatedly lit
target with pulses of radio waves that can have
wavelengths from one meter to millimetres.

The SAR takes advantage of the long-
range propagation features of radar signals and
the large information processing capacity of
current digital computers to provide high-
resolution images.

Landsat 5

In 2012, EOS establish that Landsat 5 was a
low Earth orbit satellite launched on March 1,
1984 to collect imagery of the surface of Earth.
Since 1984, Landsat 5 has gathered more than
700,000 images and observed climate change,
agricultural  practices, development and
urbanization of cities, ecosystem evolution, and
increasing demand for natural resources.

Landsat Thematic Mapper (TM) sensor
was carried on Landsat 4 and Landsat 5, and
created images consisting of six spectral bands
with a spatial resolution of 30 meters for Bands
1-5 and 7, and one thermal band (Band 6). The
approximate scene size is 170 km north-south
and 183 km east-west (106 mi by 114 mi). TM
could not resolve individual houses or trees, but
it could record areas where houses had been
constructed or forests had been cleared.

Multispectral image

Vignesh & Thyagharajan (2017) described that
a multispectral image is a collection of several
monochrome images of the same scene, each
taken with a different sensor. Each image is
known as a band. A well-known multispectral
(or multiband) image is an RGB colour image,
consisting of a red, a green and a blue image,
each taken with a sensor sensitive to a different
wavelength. In image processing, multispectral
images are most used for remote sensing
applications. Satellites generally take several
images of frequency bands in the visual and
non-visual range.
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POLSAR Image

Moreira et al. (2013) and Boerner (2015) depict
the Polarimetric SAR is a mode of SAR
imagery which transmits and receives signals of
multiple polarizations rather than just one
polarization.

Polarimetric SAR systems enhance the
capabilities of basic radar systems by
transmitting and receiving in  multiple
polarizations. By utilizing different
polarizations, it is possible to discern unique
and distinct features of targets. Some features
can be observed in one polarization and not in
another. Target features can be defined more
clearly by combining all four polarization
modes.

In other words, radar systems can
transmit and receive either a Vertical (V) or a
Horizontal (H) polarization of a radio wave.
Polarimetric SAR can be performed by either
transmitting vertical and horizontal
polarizations or receiving vertical and
horizontal polarizations, or both.

Background Image Processing

In 2008, Gonzalez & Woods and 2015, Russ &
Neal establish that an image may be defined as
a two-dimensional function, I(x,y), where x
and y are spatial coordinates, and the amplitude
of I at any pair of coordinates (x,y) is called
the intensity or gray level of the image at the
point. When x,y and the amplitude values of /
are all finite, discrete quantities, we call the
image a digital image. The field of digital
image processing refers to processing the
images by means of a digital computer. The
next definitions explain the area of image
processing and the core of the project:

Grey-Scale image

(Gonzalez & Woods, 2018), (Russ & Neal,
2015) describe that in image processing a
greyscale image is one in which the value of
each pixel is a single sample representing only
an amount of light, that is, it carries only
intensity information. Grayscale images, a kind
of black-and-white or grey monochrome, are
composed exclusively of shades of grey. The
contrast ranges from black at the weakest
intensity to white at the strongest, Greyscale is
represented by the equation 1, where the
algorithm converts RGB values to grayscale
values by forming a weighted sum of the R, G,
and B components:

I, = 02989 xR+ 05879« G+ 0.114+B (1)
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Filtered image

Filtering is a technique used for modifying or
enhancing an image like highlights certain
features or remove other features, image
filtering includes smoothing, sharpening and
edge enhancement. It may be applied in either
spatial domain or frequency domain.

For the case of the remote sensing
image in specific the SAR and POLSAR
system the most common noise is the speckle
noise that degrading the quality of the image.
Therefore, and efficient speckle noise removal
technique needs to be sought, the Lee Filter is
the most efficient algorithm to reduce the
imperfections of the speckle noise according to
Moreira et al. (2013) and Yommy, Liu & Wu
(2015).

Normalize image

Normalization is a process that changes the
range of pixel intensity values. It is sometimes
called contrast stretching or histogram
stretching. In more general fields of data
processing, such as digital signal processing, it
is referred to as dynamic range expansion. The
normalization is represented by the equation 2:

newMax—newMin

IN - (I - Min) * ( Max—Min

) + newMin (2)

Where Iy is the normalized pixel, I is
the intensity of the original pixel, Min and Max
are the minimum and maximum pixel intensity
in the image to be stretched to the new
intensity, and newMin and newMax are the new
minimum and maximum pixel range for the
normalized image (Gonzalez & Woods, 2018),
(Russ & Neal, 2015).

Edge detection (sobel)

Edge detection is usually a stage widely used
for segmentation tasks or for the search for
more complex geometric objects such as lines,
ellipses, corners. Edge is understood as the
region where there is a strong variation in the
intensity level in adjacent pixels. It is main
caused by the intersection of several objects,
with different levels of reflectance, which when
projected on the camera generate intensity
discontinuities in the corresponding pixels.
However, these discontinuities also appear in an
unwanted way due to the presence of noise, the
effect of shadows on the objects themselves, or
because of uneven lighting within the scene.
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The sobel filter is the most used
algorithm for edge detection, it works by
calculating the gradient of image intensity at
each pixel within the image. It finds the
direction of the largest increase from light to
dark and the rate of change in that direction.
The result shows how abruptly or smoothly the
image changes at each pixel, and therefore how
likely is that pixel represents and edge
(Gonzalez & Woods, 2018), (Russ & Neal,
2015).

Binary image

Gonzalez & Woods (2018), Russ & Neal
(2015) define that a binary image is a digital
image that has only two possible values for
each pixel. Typically, the two colours used for a
binary image are black and white, a typical
method is the Fixed Thresholding binarization
method fixed threshold value is used to assign
0’s and 1's for all pixel positions in each image.
Puneet & Garg (2013) depict that the basic idea
for fixed binarization method is described as
under, where the Iy is the Binary image, the I is
the original image to convert to binary and T
shows global threshold value.

1 if1 =T
Ig = 3
B {0 otherwise (3)

Dilation image

In (Gonzalez & Woods, 2018), (Russ & Neal,
2015) shown that the mathematical morphology
(MM) is a theory and technique for the analysis
and processing of geometrical structures, based
on set theory, lattice theory, topology, and
random functions. MM is most applied to
digital images, but it can be employed as well
on graphs, surface meshes, solids, and many
other  spatial  structures.  The  basic
morphological operators are erosion, dilation,
opening and closing. Dilation usually
represented by ), originally developed for
binary images, it has been expanded first to
grayscale images, and then to complete lattices.
The dilation operation usually uses a structuring
element for probing and expanding the shapes
contained in the input image explained in
Sghaier, Foucher & Lepage (2017),

I®B=Ulb, (4)

The equation 4 represent the dilation,
where B is a structuring element and Iy, is the
translation of I by b.
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Methodology

Figure 1 shown the general flow chart for
obtain the segmented flooding area and
projected in the original image without
flooding.

N
image

image

Segmentation
» image

Highlight
» image

Figure 1 Principal segmentation flow chart
Source: own work [power point]

In flow chart the first step corresponds
to read the flooding image SAR, Multispectral
or POLSAR, depend of the interface that the
user selects. The second step is the image
segmentation process, the next step is to paint
or highlight the segmented image, last step is
the final image when the highlight image is
projected with the original image (without
flooding).

SAVUI Interface and Results

The SAVUI interface project was designed in
software Matlab® version 2016 according to
the multiple Remote Sensing systems.

SELECT THE OPTION TO PROCESS

LAND IMAGE POLSAR IMAGE

Figure 2 Principal segmentation flow chart
Source: own work [Matlab]

Figure 2 is the principal software
interface, where contain three different options
with multiples process and algorithms, the
principal idea is to segment the selected image,
specially the water or places with water.

User can select the option according to
the different image or images, the options are
SAR image, multispectral image (LANDSAT)
and POLSAR image.

The first process is when the user selects
the option SAR image, where the difference
between this process is that the SAR image
contains information in greyscale while the
other systems (images) works with RGB or
multiple polarization information.
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Figure 3 SAR process interface
Source: own work [Matlab]

The figure 3 depicts the SARs interface
design image, in top left the user can select
multiple operations, the first is to load a new
image that will be process with multiple
algorithms  for segmentation, first space
corresponds to the flooding image, after select
the image, the software compute different
algorithms: (RGB to grey conversion, the use of
morphological operators, for this case dilation
and convex components with the idea of
increase and connect the neighbouring pixels,
the next step is the edge detection with the
algorithm of sobel and the use of Lee filter to
reduce the speckle noise in the image), the
second space corresponds to the original SAR
image without flooding, after all the process the
software shown in the right side three images:
final image segmentation, highlight image and
the final result.

Figure 4 Final SAR segmentation
Source: Own work [Matlab]

Also, in figure 4 shown an example with
SAR flooding image and original image
(without flooding) with the different results, in
this part the user can observe that in right side
the final result contain the projection of the
segmented image and the original image with
some areas with flooding, at the same time, the
user can apply zoom (image amplification) in
each process and observe some extra details,
also the user can save in a computer the image
in format TIFF.
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Figure 5 Example of the toolbar
Source: own work [Matlab]

In figure 3, the final segmentation is
with edge information of the river, so it was
decided to modify the algorithm to be able to
detect the entire river, obtaining the satisfactory
result that shown in the figure 4, a)
segmentation of the original SAR image, b)
temporal image segmentation and c) final result
with estimation or vulnerable zones to flooding.

Figure 6 Example of LANDSAT 5 image
Source: own work [Matlab]

In figure 5 depicts the menu of the
interface with the main activities described
below:

- New: open window to select/load the
image to process.

— Return: return to the principal interface.
- Exit: software’s exit.

The figure 6 is when the user select the
LANDSAT option, in this interface we
aggregate an extra example with multispectral
image for most specific information the false
colour RGB image, the difference between this
image with SAR is the bands combination to
create and image with false colour, in the final
image, we projected the flooding zones
segmentation with an original image for
represent areas with water with multiple colour
(red and blue colour).
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Figure 7 Final Result (Landsat 5)
Source: own work [Matlab]

The figure 7 present the amplification of
the result in multispectral process, for this case
the user can observed areas with flooding
highlighted in red colour, this figure is a
projection of the segmented flooding image in
the original image without flooding.

Archive

Figure 8 Example of segmentation with POLSAR image
Source: own work [Matlab]

In figure 8, we have the last process
when the user select the POLSAR process, in
this case the interface is different because is
necessary to segment with colours the
important areas, the first step is to load the
original image, the second step is to segment
the image, the third step is to highlight the
information (targets) and finally shown the
result with classification in colours, this process
is for algorithm validation because in this part
is not necessary the original image.

The result for the previous process is
displayed in figure 9, where the water is
segmented in purple colour and the other
elements is separated in different colours.
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Figure 9 Final Result
Source: Own work [Matlab]

Conclusions

In this research project shows a tool that
process, segmented and detect flooding in SAR,
Multispectral and POLSAR images, as well as
the incorporation of an GUI interface in Matlab
that will facilitate user-computer
communication, this through a set of
instructions (algorithms) of images, buttons, bar
of tools and texts. The relevant about the GUI-
interfaces is that it allows the user to have
control of the activities or processes to
enhancement,  features  extraction  and
segmentation images. It is important to mention
that the interfaces are designed to be intuitive
so that the user can acquire experience and
knowledge in the manipulation of Remote
Sensing but specially the analyse the flooding
with different sensors.

The differences to this project with a
state of the art mentioned previously are the
manipulations of multiple images (SAR,
Multispectral and POLSAR), the comparative
between the normal image and the flooding
image for find the zones with more probability
of flooding, for this case is necessary to acquire
more images from the same scene in different
times. This software is the first part of an
extended project, for future work, the second
part is the use of artificial intelligence for
detecting flooding, also the segmentation of
water, cities, vegetation and other elements, the
third part of the project is to develop a software
with all the previous steps in open source and
the use of QT for interface design.

Acknowledgment

The authors would like to thank to the
Universidad Politécnica de Juventino Rosas and
the project TOLTECA ANR-CONACYT T No.
273562

YANEZ-VARGAS, Israel, ~GONZALEZ-RAMIREZ,  Andrea,
ASTUDILLO-MONTENEGRO, Felipe and FLORES-GARCIA,
Jaqueline. Interface design for monitoring and estimation system for
flooding through an image analysis of remote sensing (SAVUI). Journal
of Technological Prototypes. 2020



Article

37
Journal of Technological Prototypes

References

Argis. (2019, 1 enero). ArcGisOnline.
https://www.arcgis.com/index.html

Avendano, J., & Bayona, J. (2014).
Segmentation and classification of SAR
imagery on flood zones in Colombia, a
computing tool for disaster prevention. Revista
Facultades de Ingenieria, 48(8), 24-38.
http://csifesvr.uan.edu.co/index.php/ingeuan/art
icle/download/266/pdf.

Avendano, J., Mora, S., Vera, J., Torres, J., &
Prieto, F. (2015). Flood monitoring and change
detection based on unsupervised image
segmentation and fusion in multitemporal SAR
imagery. 2015 12th International Conference
on Electrical Engineering, Computing Science
and Automatic Control (CCE).

Boerner, W. (2015). Future perspectives of
SAR polarimetry with applications to multi-
parameter fully polarimetric POLSAR remote
sensing &  geophysical stress-change
monitoring within the equatorial/sub-equatorial
belts by implementation of equatorially orbiting
POLSAR single and tandem satellite sensors —
Focused on Malaysia and Indonesia. 2015
International Conference on Space Science and
Communication (IconSpace), .
https://doi.org/10.1109/iconspace.2015.728380
3

Curlander, J. C., & McDonough, R. N. (1991).
Synthetic Aperture Radar: Systems and Signal
Processing (Ed. rev.). New jersey, USA: Wiley.

EOS. (2012, 1 enero). Landsat 5 (TM)
Information, Bands, Operational Data and
more. https://eos.com/landsat-5-tm/

Gonzalez, R. C., & Woods, R. E. (2008).
Digital Image Processing (3% ed.). USA:
Pearson/Prentice Hall.

Index Mundi. (2015, 10 enero). Ranking de
paises por  Promedio detallado de
precipitaciones (mm anuales).
https://www.indexmundi.com/es/datos/indicado
res/AG.LND.PRCP.MM/rankings

INEGI. (2011, 18 octubre). Seminario
Internacional: "Medicion de Grupos Sociales
Vulnerables".
https://www.inegi.org.mx/eventos/seminarios/2
011/grupos_vulnerables/

ISSN: 2444-4995
ECORFAN® Todos los derechos reservados

December 2020 Vol.6 No.18 30-38

Moreira, A., Prats-lraola, P., Younis, M.,
Krieger, G., Hajnsek, 1., & Papathanassiou, K.
P. (2013). A tutorial on synthetic aperture radar.
IEEE Geoscience and Remote Sensing
Magazine, 1(1), 6-43.

Parrot, J. (2013, 1 julio). Tridimensional
Landscape  Analysis.  Local  Operating
Computation.  https://www.usgs.gov/mission-
areas/water-resources/science/flood-inundation-
mapping-fim-program?qt-
science_center_objects=0

Popescu, D., Ichim, L., & Caramihale, T.
(2015). Flood areas detection based on UAV
surveillance system. 2015 19th International
Conference on System Theory, Control and
Computing (ICSTCC).

Puneet, P., & Garg, N. (2013). Binarization
Techniques used for Grey Scale Images.
International Journal of Computer
Applications, 71(1), 8-11.
https://doi.org/10.5120/12320-8533

QGIS. (2019, 1 enero). Bienvenido al proyecto
QGIS! Recuperado 1 abril, 2020, de
https://qgis.org/es/site/

Russ, J. C., & Neal, F. B. (2015). The Image
Processing Handbook (3% ed.). London,
England: Taylor & Francis.

Ryerson, R. A., Henderson, F. M., Lewis, A. J.,
& American Society for Photogrammetry and
Remote Sensing. (1998). Manual of Remote
Sensing, Principles and Applications of
Imaging Radar (3% ed.). US, US: Wiley.

Sghaier, M. O., Foucher, S., & Lepage, R.
(2017). River Extraction From High-Resolution
SAR Images Combining a Structural Feature
Set and Mathematical Morphology. IEEE
Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 10(3),
1025-1038.
https://doi.org/10.1109/jstars.2016.2609804

Shen, X., Wang, D., Mao, K., Anagnostou, E.,
& Hong, Y. (2019). Inundation Extent Mapping
by Synthetic Aperture Radar: A Review.
Remote Sensing, 11(7), 879.
https://doi.org/10.3390/rs11070879

USGS. (2017, 1 julio). Flood Inundation
Mapping Science.
https://www.usgs.gov/mission-areas/water-
resources/science/flood-inundation-mapping-
science?qt-science_center_objects=0

YANEZ-VARGAS, Israel, ~GONZALEZ-RAMIREZ,  Andrea,
ASTUDILLO-MONTENEGRO, Felipe and FLORES-GARCIA,
Jaqueline. Interface design for monitoring and estimation system for
flooding through an image analysis of remote sensing (SAVUI). Journal
of Technological Prototypes. 2020



Article

38
Journal of Technological Prototypes

Vignesh, T., & Thyagharajan, K. K. (2017).
Water bodies identification from multispectral
images using Gabor filter, FCM and canny edge
detection  methods. 2017 International
Conference on Information Communication and
Embedded Systems (ICICES),
https://doi.org/10.1109/icices.2017.8070767

Yommy, A. S., Liu, R., & Wu, A. S. (2015).
SAR Image Despeckling Using Refined Lee
Filter. 2015 7th International Conference on
Intelligent Human-Machine Systems and
Cybernetics,
https://doi.org/10.1109/ihmsc.2015.236

ISSN: 2444-4995
ECORFAN® Todos los derechos reservados

December 2020 Vol.6 No.18 30-38

YANEZ-VARGAS, Israel, ~GONZALEZ-RAMIREZ,  Andrea,
ASTUDILLO-MONTENEGRO, Felipe and FLORES-GARCIA,
Jaqueline. Interface design for monitoring and estimation system for
flooding through an image analysis of remote sensing (SAVUI). Journal
of Technological Prototypes. 2020



Article Journal of Technological Prototypes
Month, Year Vol.1 No.1 1-15-[using ECORFAN]

[Title in Times New Roman and Bold No. 14 in English and Spanish]

Surname (IN UPPERCASE), Name 1% Author{*, Surname (IN UPPERCASE), Name 1% Coauthor,
Surname (IN UPPERCASE), Name 2" Coauthor and Surname (IN UPPERCASE), Name 3" Coauthor

Institutional Affiliation of Author including Dependency (No.10 Times New Roman and Italic)

International Identification of Science - Technology and Innovation

ID 1%t Author: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1% author:
(Scholar-PNPC or SNI-CONACYT) (No.10 Times New Roman)

ID 1% Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 1%
coauthor: (Scholar or SNI) (No.10 Times New Roman)

ID 2" Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 2™
coauthor: (Scholar or SNI) (No.10 Times New Roman)

ID 3" Coauthor: (ORC ID - Researcher ID Thomson, arXiv Author ID - PubMed Author ID - Open ID) and CVU 3™
coauthor: (Scholar or SNI) (No.10 Times New Roman)

(Report Submission Date: Month, Day, and Year); Accepted (Insert date of Acceptance: Use Only ECORFAN)

Abstract (In English, 150-200 words) Abstract (In Spanish, 150-200 words)

Objectives Objectives

Methodology Methodology

Contribution Contribution

Keywords (In English) Keywords (In Spanish)

Indicate 3 keywords in Times New Roman and Bold No. Indicate 3 keywords in Times New Roman and Bold No.
10 10

Citation: Surname (IN UPPERCASE), Name 1st Author, Surname (IN UPPERCASE), Name 1st Coauthor, Surname (IN
UPPERCASE), Name 2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor. Paper Title. Journal of
Technological Prototypes. Year 1-1: 1-11 [Times New Roman No.10]

* Correspondence to Author (example@example.org)
+ Researcher contributing as first author.

© ECORFAN-Spain www.ecorfan.org/spain


http://www.ecorfan.org/servicios/ID-Researcher.pdf

Article

Journal of Technological Prototypes

Introduction
Text in Times New Roman No.12, single space.

General explanation of the subject and explain
why it is important.

What is your added value with respect to other
techniques?

Clearly focus each of its features

Clearly explain the problem to be solved and
the central hypothesis.

Explanation of sections Article.

Development of headings and subheadings of
the article with subsequent numbers

[Title No.12 in Times New Roman, single
spaced and bold]

Products in development No0.12 Times New
Roman, single spaced.

Including graphs, figures and tables-
Editable

In the article content any graphic, table and
figure should be editable formats that can
change size, type and number of letter, for the
purposes of edition, these must be high quality,
not pixelated and should be noticeable even
reducing image scale.

[Indicating the title at the bottom with No.10
and Times New Roman Bold]

Ll
E

an a1
3

Graphic 1 Title and Source (in italics)

Should not be images-everything must be editable.

ISSN 2444-4995
ECORFAN® All rights reserved

Month, Year VVol.1 No.1 1-15-[using ECORFAN]

Figure 1 Title and Source (in italics)

Should not be images-everything must be editable.

Table 1 Title and Source (in italics)

Should not be images-everything must be editable.

Each article shall present separately in 3
folders: a) Figures, b) Charts and ¢) Tables in
JPG format, indicating the number and
sequential Bold Title.

For the use of equations, noted as follows:

Yij = a4+ Xho1 BuXnyj + uj + € 1)

Must be editable and number aligned on the
right side.

Methodology

Develop give the meaning of the variables in
linear writing and important is the comparison
of the used criteria.

Results

The results shall be by section of the article.
Annexes

Tables and adequate sources

Thanks

Indicate if they were financed by any
institution, University or company.

Conclusions

Explain clearly the results and possibilities of
improvement.

Surname (IN UPPERCASE), Name Ist Authorf*, Surname (IN
UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name
2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor.
Paper Title. Journal of Technological Prototypes. Year [Times New
Roman No. 81



Article

Journal of Technological Prototypes

References

Use APA system. Should not be numbered, nor
with bullets, however if necessary numbering
will be because reference or mention is made
somewhere in the Article.

Use Roman Alphabet, all references you
have used must be in the Roman Alphabet, even
if you have quoted an Article, book in any of
the official languages of the United Nations
(English, French, German, Chinese, Russian,
Portuguese, Italian, Spanish, Arabic), you must
write the reference in Roman script and not in
any of the official languages.

Technical Specifications

Each article must submit your dates into a
Word document (.docx):

Journal Name

Article title

Abstract

Keywords

Article sections, for example:

1. Introduction

2. Description of the method

3. Analysis from the regression demand curve
4. Results

5. Thanks

6. Conclusions

7. References

Author Name (s)
Email Correspondence to Author
References

Intellectual Property Requirements for
editing:

-Authentic Signature in Color of Originality
Format Author and Coauthors

-Authentic  Signature in  Color of the
Acceptance Format of Author and Coauthors

ISSN 2444-4995
ECORFAN® All rights reserved

Month, Year Vol.1 No.1 1-15-[using ECORFAN]

Surname (IN UPPERCASE), Name Ist Authorf*, Surname (IN
UPPERCASE), Name 1st Coauthor, Surname (IN UPPERCASE), Name
2nd Coauthor and Surname (IN UPPERCASE), Name 3rd Coauthor.
Paper Title. Journal of Technological Prototypes. Year [Times New
Roman No. 81


http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf

Reservation to Editorial Policy

Journal of Technological Prototypes reserves the right to make editorial changes required to adapt the
Articles to the Editorial Policy of the Journal. Once the Article is accepted in its final version, the
Journal will send the author the proofs for review. ECORFAN® will only accept the correction of
errata and errors or omissions arising from the editing process of the Journal, reserving in full the
copyrights and content dissemination. No deletions, substitutions or additions that alter the formation
of the Article will be accepted.

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

Declaration of Originality and unpublished character of the Article, of Authors, on the obtaining
of data and interpretation of results, Acknowledgments, Conflict of interests, Assignment of
rights and Distribution

The ECORFAN-Mexico, S.C Management claims to Authors of Articles that its content must be
original, unpublished and of Scientific, Technological and Innovation content to be submitted for
evaluation.

The Authors signing the Article must be the same that have contributed to its conception, realization
and development, as well as obtaining the data, interpreting the results, drafting and reviewing it. The
Corresponding Author of the proposed Article will request the form that follows.

Article title:

— The sending of an Article to Journal of Technological Prototypes emanates the commitment of
the author not to submit it simultaneously to the consideration of other series publications for it
must complement the Format of Originality for its Article, unless it is rejected by the Arbitration
Committee, it may be withdrawn.

— None of the data presented in this article has been plagiarized or invented. The original data are
clearly distinguished from those already published. And it is known of the test in PLAGSCAN
if a level of plagiarism is detected Positive will not proceed to arbitrate.

— References are cited on which the information contained in the Article is based, as well as
theories and data from other previously published Articles.

- The authors sign the Format of Authorization for their Article to be disseminated by means that
ECORFAN-Mexico, S.C. In its Holding Spain considers pertinent for disclosure and diffusion
of its Article its Rights of Work.

- Consent has been obtained from those who have contributed unpublished data obtained through
verbal or written communication, and such communication and Authorship are adequately
identified.

— The Author and Co-Authors who sign this work have participated in its planning, design and
execution, as well as in the interpretation of the results. They also critically reviewed the paper,
approved its final version and agreed with its publication.

— No signature responsible for the work has been omitted and the criteria of Scientific
Authorization are satisfied.

— The results of this Article have been interpreted objectively. Any results contrary to the point of
view of those who sign are exposed and discussed in the Article.



Copyright and Access

The publication of this Article supposes the transfer of the copyright to ECORFAN-Mexico, SC in its
Holding Spain for its Journal of Technological Prototypes, which reserves the right to distribute on the
Web the published version of the Article and the making available of the Article in This format
supposes for its Authors the fulfilment of what is established in the Law of Science and Technology of
the United Mexican States, regarding the obligation to allow access to the results of Scientific Research.

Article Title:

Name and Surnames of the Contact Author and the Coauthors Signature
1

2.
3.
4.

Principles of Ethics and Declaration of Solution to Editorial Conflicts

Editor Responsibilities

The Publisher undertakes to guarantee the confidentiality of the evaluation process, it may not disclose
to the Arbitrators the identity of the Authors, nor may it reveal the identity of the Arbitrators at any

time.

The Editor assumes the responsibility to properly inform the Author of the stage of the editorial process
in which the text is sent, as well as the resolutions of Double-Blind Review.

The Editor should evaluate manuscripts and their intellectual content without distinction of race,
gender, sexual orientation, religious beliefs, ethnicity, nationality, or the political philosophy of the
Authors.

The Editor and his editing team of ECORFAN® Holdings will not disclose any information about
Articles submitted to anyone other than the corresponding Author.

The Editor should make fair and impartial decisions and ensure a fair Double-Blind Review.
Responsibilities of the Editorial Board

The description of the peer review processes is made known by the Editorial Board in order that the
Authors know what the evaluation criteria are and will always be willing to justify any controversy in
the evaluation process. In case of Plagiarism Detection to the Article the Committee notifies the
Authors for Violation to the Right of Scientific, Technological and Innovation Authorization.
Responsibilities of the Arbitration Committee

The Arbitrators undertake to notify about any unethical conduct by the Authors and to indicate all the
information that may be reason to reject the publication of the Articles. In addition, they must

undertake to keep confidential information related to the Articles they evaluate.

Any manuscript received for your arbitration must be treated as confidential, should not be displayed or
discussed with other experts, except with the permission of the Editor.

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

The Arbitrators must express their points of view with clarity and with valid arguments that contribute
to the Scientific, Technological and Innovation of the Author.



The Arbitrators should not evaluate manuscripts in which they have conflicts of interest and have been
notified to the Editor before submitting the Article for Double-Blind Review.

Responsibilities of the Authors

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

Authors must ensure that they have not been previously published or that they are not considered in
another serial publication.

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

The authors have requested that the text in all its forms be an unethical editorial behavior and is
unacceptable, consequently, any manuscript that incurs in plagiarism is eliminated and not considered
for publication.

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

Information services
Indexation - Bases and Repositories

LATINDEX (Scientific Journals of Latin America, Spain and Portugal)
RESEARCH GATE (Germany)

GOOGLE SCHOLAR (Citation indices-Google)

REDIB (Ibero-American Network of Innovation and Scientific Knowledge- CSIC)
MENDELEY (Bibliographic References Manager)

Publishing Services

Citation and Index Identification H
Management of Originality Format and Authorization
Testing Article with PLAGSCAN
Article Evaluation

Certificate of Double-Blind Review
Article Edition

Web layout

Indexing and Repository
ArticleTranslation

Article Publication

Certificate of Article

Service Billing

Editorial Policy and Management

38 Matacerquillas, CP-28411. Moralzarzal —Madrid-Espafia. Phones: +52 1 55 6159 2296, +52 1 55
1260 0355, +52 1 55 6034 9181; Email: contact@ecorfan.org www.ecorfan.org



ECORFAN®

Chief Editor ]
QUINTANILLA - CONDOR, Cerapio. PhD

Executive Director
RAMOS-ESCAMILLA, Maria. PhD

Editorial Director
PERALTA-CASTRO, Enrique. MsC

Web Designer
ESCAMILLA-BOUCHAN, Imelda. PhD

Web Diagrammer
LUNA-SOTO, Vladimir. PhD

Editorial Assistant
SORIANO-VELASCO, JesUls. BsC

Translator
DIAZ-OCAMPO, Javier. BsC

Philologist
RAMOS-ARANCIBIA, Alejandra. BsC

Site Licences

03-2010-032610094200-01-For  printed  material ,03-2010-031613323600-01-For  Electronic
material,03-2010-032610105200-01-For Photographic material,03-2010-032610115700-14-For the
facts Compilation,04-2010-031613323600-01-For its Web page,19502-For the Iberoamerican and
Caribbean Indexation,20-281 HBO9-For its indexation in Latin-American in Social Sciences and
Humanities,671-For its indexing in Electronic Scientific Journals Spanish and Latin-America,7045008-
For its divulgation and edition in the Ministry of Education and Culture-Spain,25409-For its repository
in the Biblioteca Universitaria-Madrid,16258-For its indexing in the Dialnet,20589-For its indexing in
the edited Journals in the countries of Iberian-America and the Caribbean, 15048-For the international
registration of Congress and Colloquiums. financingprograms@ecorfan.org

Management Offices

38 Matacerquillas, CP-28411. Moralzarzal —Madrid-Espafia



Journal of Technological Prototypes

“Literature review on industry commercialization and transfer of
technology 4.0”

VILLAFANA-DIAZ, Luis & LEZAMA-DE LA ROSA, Miguel
Universidad Popular Autdnoma del Estado de Puebla

Adaptive temperature controller for plastic extrusion process
GUERRERO, Jesus, GONZALEZ, Julio and CHIMAL, Martin
Universidad Politécnica de Juventino Rosas

“Design y development of a graphical user interface in LabVIEW for
acquisition and visualization of climatological data (temperature and
relative humidity)”

PEREZ-GARCIA, Victor, QUINTANILLA-DOMINGUEZ, Joel,
YANEZ-VARGAS, Israel and AGUILERA-GONZALEZ, José
Universidad Politécnica de Juventino Rosas

“Interface design for monitoring and estimation system for flooding
through an image analysis of remote sensing (SAVUI)”
YANEZ-VARGAS, Israel, GONZALEZ-RAMIREZ, Andrea,
ASTUDILLO-MONTENEGRO, Felipe and FLORES-GARCIA,
Jaqueline

Universidad Politécnica de Juventino Rosas

Instituto Politécnico Nacional

d ol ¥ ol I I

ISSN 2444 - 4505

www.ecorfan.org



