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DECLARACION DE ETICAY BUENAS PRACTICAS

El comité editorial de la revista Tecnura estd comprometi-
do con altos estdndares de ética y buenas practicas en la
difusion y transferencia del conocimiento, para garantizar
el rigor y la calidad cientifica. Es por ello que ha adoptado
como referencia el Cédigo de Conducta que ha estableci-
do el Comité de Etica de Publicaciones (COPE: Committee
on Publication Ethics) para editores de revistas cientificas,
dentro de los cuales se destaca:

Reclamaciones

Tecnura se compromete responder con rapidez a las que-
jas recibidas y a velar para que los demandantes insatisfe-
chos puedan tramitar todas sus quejas. En cualquier caso,
si los interesados no consiguen satisfacer sus reclamacio-
nes, se considera que estan en su derecho de elevar sus
protestas a otras instancias.

Fomento de la integridad académica

Obligaciones y responsabilidades generales del equipo Tecnura asegura que el material que publica se ajusta a las

En su calidad de méaximos responsables de la revista, el co-
mité y el equipo editorial de Tecnura se comprometen a:

e Aunar esfuerzos para satisfacer las necesidades de los

lectores y autores.

Propender por el mejoramiento continuo de la revista.

Asegurar la calidad del material que se publica.

Velar por la libertad de expresion.

Mantener la integridad académica de su contenido.

Impedir que intereses comerciales comprometan los

criterios intelectuales.

e Publicar correcciones, aclaraciones, retractaciones y
disculpas cuando sea necesario.

Relaciones con los lectores

Los lectores estaran informados acerca de quién ha finan-
ciado la investigacién y sobre su papel en la investigacion.

Relaciones con los autores

Tecnura se compromete a asegurar la calidad del mate-
rial que publica, informando sobre los objetivos y normas
de la revista. Las decisiones de los editores para aceptar
o rechazar un documento para su publicacion se basan
Gnicamente en la relevancia del trabajo, su originalidad y
la pertinencia del estudio con relacién a la linea editorial
de la revista.

La revista incluye una descripcion de los procesos segui-
dos en la evaluacion por pares de cada trabajo recibido.
Cuenta con una guia de autores en la que se presenta esta
informacién. Dicha guia se actualiza regularmente y con-
tiene un vinculo a la presente declaracion ética. Se re-
conoce el derecho de los autores a apelar las decisiones
editoriales.

Los editores no modificaran su decision en la aceptacién
de envios, a menos que se detecten irregularidades o si-
tuaciones extraordinarias. Cualquier cambio en los miem-
bros del equipo editorial no afectard las decisiones ya
tomadas, salvo casos excepcionales en los que confluyan
graves circunstancias.

Relaciones con los evaluadores

Tecnura pone a disposicién de los evaluadores una guia
acerca de lo que se espera de ellos. La identidad de los
evaluadores se encuentra en todo momento protegida, ga-
rantizando su anonimato.

Proceso de evaluacion por pares

Tecnura garantiza que el material remitido para su pu-
blicaciéon serd considerado como materia reservada y
confidencial mientras que se evalta (doble ciego).

editorial normas éticas internacionalmente aceptadas.

Proteccién de datos individuales
Tecnura garantiza la confidencialidad de la informacién
individual (por ejemplo, de los profesores y/o alumnos
participantes como colaboradores o sujetos de estudio en
las investigaciones presentadas).

Seguimiento de malas practicas

Tecnura asume su obligacion para actuar en consecuencia
en caso de sospecha de malas practicas o conductas inade-
cuadas. Esta obligacion se extiende tanto a los documentos
publicados como a los no publicados. Los editores no sélo
rechazaran los manuscritos que planteen dudas sobre una
posible mala conducta, sino que se consideran éticamente
obligados a denunciar los supuestos casos de mala conduc-
ta. Desde la revista se realizaran todos los esfuerzos razona-
bles para asegurar que los trabajos sometidos a evaluacion
sean rigurosos y éticamente adecuados.

Integridad y rigor académico

Cada vez que se tenga constancia de que algin trabajo
publicado contiene inexactitudes importantes, declara-
ciones enganosas o distorsionadas, debe ser corregido de
forma inmediata.

En caso de detectarse algtin trabajo cuyo contenido sea
fraudulento, sera retirado tan pronto como se conozca,
informando inmediatamente tanto a los lectores como a los
sistemas de indexacion.

Se consideran practicas inadmisibles, y como tal se de-
nunciaran las siguientes: el envio simultdneo de un mismo
trabajo a varias revistas, la publicacién duplicada o con
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EDITORIAL

En esta edicion especial de Tecnura, dedicada al
Doctorado en Ingenieria de nuestra universidad, se
hace pertinente una reflexion sobre el estado ac-
tual de los doctorados en Colombia.

Los programas de doctorado en las universi-
dades colombianas son relativamente recientes.
De acuerdo con el Ministerio de Educacién Na-
cional, solamente existian seis programas de este
tipo en 1990, mientras que en 2002 ya se conta-
ba con 34. En los Gltimos afios se ha registrado un
aumento considerable, llegando a 197 programas
en 2013, y 226 para 2014, segin datos del Con-
sejo Nacional de Acreditacion (CNA). La cantidad
de estudiantes que cursan estos doctorados tam-
bién ha aumentado de manera importante en los
dltimos anos; mientras en 2011 aparecian registra-
dos 2.920 estudiantes en todo el pais, a finales de
2013 la cantidad ascendi6 a 3.467.

Si bien estas cifras son alentadoras y vienen en
aumento, el estado actual de los doctorados en
Colombia presenta caracteristicas particulares que
llaman la atencién y que vienen siendo analizadas
en diferentes instancias, dentro de las que se pue-
den mencionar las siguientes:

A pesar del creciente nimero de estudiantes,
todavia son pocos quienes culminan el doctorado,
pues entre 1990 y 2012 solo se graduaron 1.250
de las universidades colombianas.

La mayoria de los graduados provienen de las
mismas universidades donde ya trabajaban.

De la cantidad de graduados, el 51% de los nue-
vos doctores trabaja en Educacién Superior, bien sea
porque han mantenido el vinculo laboral que ya te-
nian al momento de iniciar sus estudios doctorales,
o porque se han vinculado a universidades antes de
terminar sus programas o después de graduados.

Ademas de los que se emplean en instituciones
educativas, una gran porcion dice trabajar como
consultor o investigador independiente, o no tiene
ingresos. Solo una minima parte labora en la admi-
nistracion publica cuando se gradua.

Si bien las politicas trazadas han dado lugar al
aumento del ndmero de doctores, y cada vez mas
universidades tienen programas doctorales, unas
pocas concentran la mayor cantidad de ellos.

El nimero de doctores colombianos sigue sien-
do muy bajo comparado con la mayoria de paises
de la regién con caracteristicas de desarrollo simi-
lares a nuestro pais.

Actualmente, 43 universidades colombianas
cuentan con programas de doctorado, pero seis
de ellas agrupan 126 de los 226 que existen. La
Universidad Nacional cuenta con 57, la Universi-
dad de Antioquia 24, la Universidad de los Andes
15, la Universidad del Valle 13, la Universidad del
Norte 10 y la Universidad Javeriana 7 programas.
Las restantes 37 universidades agrupan los otros
100 programas.

En cuanto al nimero de doctores que se
graddan al ano en la regién, durante 2011, segin
el portal de noticias de la Universidad Nacional,
Brasil registr6 12.217 graduados. Le siguié México
con 4.665, Argentina con 1.680, Cuba con 1.235,
y Chile con 514. Colombia registr6 245 graduados
y solamente super6 a Costa Rica que, segun el re-
porte, tuvo 112.

A pesar del aumento de los programas de doc-
torado que se ofrecen en el pais y del nimero de
estudiantes que los cursan, nuestros indicadores se
encuentran muy por debajo de otros paises lati-
noamericanos, y mucho mas con respecto a algu-
nos paises desarrollados que registran el ndmero
de doctores que se gradian anualmente por cada
millén de habitantes. Segin el mismo medio, en
2012 Portugal gradué 152 doctores, Espaia 173,
Estados Unidos 156, Australia 240 y el Reino Uni-
do 259. Se menciona también que para 1930, el
nimero de doctores por millén de habitantes en
Estados Unidos era mayor al indice colombiano
actual de 130 doctores por millén de habitantes
en total. Sobre este aspecto, es importante anotar
que esta situacién obedece en gran medida a que
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el pais incursiond tarde en este tipo de formacion,
segln explican los mismos investigadores.

El Estado ha reconocido que sin doctores que
conformen redes de conocimiento articuladas con
los diferentes sectores de la economia, no es posi-
ble lograr una gran transformacién productiva en
Colombia; por tanto, se requiere redoblar esfuer-
zos gubernamentales y del sector privado para al-
canzar los objetivos trazados. Nuestro pais se ha
filado como meta formar 20.000 doctores para
2034 y crear 16 centros de investigacion de alto
nivel para ese mismo afio. Segin el Ministerio de
Educacion Nacional, con las proyecciones de cre-
cimiento de los programas en curso y los que se
encuentran en proceso, se espera que para 2018
existan 7.126 docentes investigadores con titulo
de doctorado, 12.624 para 2024. La meta para el
afno 2034 es contar con 26.695 doctores en el pais.

Finalmente, aunque los resultados obtenidos
hasta ahora en Colombia en materia de forma-
cién doctoral son discretos, y estos son apenas el

comienzo de un largo camino de la politica de
formacion doctoral, para el pais ya son evidentes
los retos que trae consigo a nuestras universida-
des la formacién de este nivel en cuanto a su ca-
pacidad institucional en materia de equipamiento,
infraestructura y recurso humano, la internaciona-
lizacion, la acreditacién y la sostenibilidad en el
mediano y largo plazo de los programas doctora-
les. Aun asi, esta el reto tal vez mayor: la insercion
de los doctores formados en nuestras universida-
des dentro de los diferentes sectores econémicos
de la vida nacional.

Roberto Ferro Escobar
Director Doctorado en Ingenieria

Cesar Augusto Garcia Ubaque
Director Revista Tecnura
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EDITORIAL

In this special edition of Tecnura Journal, which
is devoted to the Doctorate in Engineering of our
university, it is pertinent a reflection on the current
state of doctorates in Colombia.

We may initially point out that doctorate pro-
grams in the Colombian universities are relatively
new. According to the National Ministry of Edu-
cation, in 1990 there were only six programs of
this type, while in 2002 we already had 34. In the
last years a considerable rise has been registered,
reaching 197 programs in 2013 and 226 in 2014,
according to data from the National Accreditation
Council. The amount of students that take these
doctorates in our country has increased signifi-
cantly in the last years; while in 2011 were registe-
red 2.920 doctorate students in the whole country,
at the end of 2013 the amount of students rose to
3.467.

While these encouraging numbers have been
increasing, the current state of the doctorates in
Colombia presents particular characteristics that
draw attention and that have been analyzed in
different aspects, out of which we can mention the
following:

Despite the rising number of students, few of
them actually culminate the doctorate, since be-
tween 1990 and 2012 only 1.250 doctors were
graduated from the Colombian universities.

Most graduates come from the same universi-
ties where they work at.

Out of the graduates, 51% of the new doctors
are working in higher Education, either becau-
se they have maintained the labor relationship, or
because they linked to universities before ending
their studies or after their graduation.

Besides those employed in educational institu-
tions, a big amount states to work as consultant or
independent researcher, or they do not have inco-
mes. Only a minimal part works in public adminis-
tration when they graduate.

Although the designed policies have made room
to the increase in the number of doctors, and there
are progressively more universities having doctora-
te programs, a few concentrate most part of those.

The amount of Colombian doctors is still very
low compared with most of the countries in the re-
gion that hold similar development characteristics
with our country.

Currently, 43 Colombian universities have doc-
torate programs, but six of them group 126 out of
the 226 existing. Universidad Nacional has 57,
Universidad de Antioquia 24, Universidad de los
Andes 15, Universidad del Valle 13, Universidad
del Norte 10, and Universidad Javeriana 7 pro-
grams. The remaining 37 universities group the
other 100 programs.

In terms of the number of graduating doctors
every year in the region, during 2011, according
to the news site of Universidad Nacional, Brazil
registered 12.217 graduates. Followed by Mexi-
co with 4.665, Argentina with 1.680, Cuba with
1.235, and Chile with 514. Colombia registered
245 graduates and only overtook Costa Rica whi-
ch, according to the report, had 112.

Despite the increase of the doctorate programs
offered in the country and the number of students
taking them, our indicators are below related to
other Latin-American countries; and even lower in
respect to other developed countries that register
the number of graduate doctors every year per mi-
[lion inhabitants. According to this same source, in
2012 Portugal graduated 152, Spain 173, United
States 156, Australia 240 and the United Kingdom
259. It is also mentioned that, in 1930, the num-
ber of doctors per million inhabitants in the Uni-
ted States was larger than the current Colombian
index with 130 doctors per million inhabitants in
total. On this aspect, it is important to remark that
this situation is the result of the late entrance of the
country in this type of formation, as noted by the
same researchers.
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The State has admitted that without doctors to
create knowledge networks assembled to the diffe-
rent sectors of the economy, it is not possible to
achieve a great productive transformation in Co-
lombia; and it is required to double governmen-
tal and private sector efforts in order to reach the
established objectives. Our country has set as its
goal to educate 20.000 doctors by 2034 and crea-
te 16 high-standards research centers by that year.
According to the National Ministry of Education,
with the growth projections for current programs
and those in process, it is expected that in 2018
there will be 7.126 teacher-researchers with a doc-
torate, 12.626 for 2024. The goal for year 2034 is
having 26.695 doctors in the country.

Finally, though the results obtained so far in Co-
lombia in terms of doctoral formation are discrete,

and those are barely the beginning of a long road
in their policies, for Colombia it is already evident
the challenges that bring along to our universities
the formation in this level regarding the institutio-
nal capacity in matters of equipment, infrastructure
and human resources, internationalization, accre-
ditation and sustainability in the mid and long term
of doctorate programs. Even so, maybe there is the
greater challenge that means the insertion of doc-
tors educated in our universities inside the different
economical sectors of the national life.

Roberto Ferro Escobar
Director Doctorado en Ingenieria

Cesar Augusto Garcia Ubaque
Director Revista Tecnura
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ABSTRACT

This paper presents a model of mixed integer pro-
gramming optimization, used to the management
and development of productive capacity; it is also
used for planning and formulation of strategies for
expanding and adjusting organizational activities in
the medium and long term.

The model constitutes an element of organizational
intelligence and is part of the system of decision su-
pport; it provides a tool for analysis and processing
of information and help decision-makers to act in
an efficient and effective way to solve development
problems of productive capacity.

Furthermore, in the article to assess the relevance
and consistency of the model presents a prototype
manufacturing organization in a scenario that requi-
res the development of capacity in terms of growth
in demand for goods and services offered.
Keywords: Business Intelligence, Capacity Manage-
ment, Decision Support System, Knowledge Mana-
gement System.

k%

RESUMEN

En este trabajo se presenta un modelo de opti-
mizacion de programacién entera mixta, que
se utiliza para la gestion y desarrollo de la ca-
pacidad productiva; ademas, se utiliza para la
planificaciéon y la formulacién de estrategias
de ampliacion y ajuste de las actividades de
la organizacion en el mediano y largo plazo.
El modelo constituye un elemento de la inteli-
gencia organizacional y es parte del sistema de
apoyo a las decisiones; proporciona una herra-
mienta para el andlisis y procesamiento de la
informacién y ayuda para actuar y tomar deci-
siones de una manera eficiente y eficaz al re-
solver problemas de desarrollo de la capacidad
productiva.

Palabras clave: gestion de la capacidad, inteli-
gencia de negocios, sistema de gestion de co-
nocimiento, sistema de apoyo a la toma de
decisiones.
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Decision-making model for the development of productive capacity as a component of a knowledge management system

César Amilcar Lépez Bello, Victor Hugo Medina Garcia, Lorna Udden

INTRODUCTION

The development of organizations producing
goods and services in a highly competitive environ-
ment depends directly on their ability to make de-
cisions, so it is essential to equip companies with
intelligence.

Other features of a learning organization in-
clude its ability to adapt to the conditions offered
by the environment as well as its promptness to
quickly react to the trends and behavior of a
changing and highly competitive market.

Providing an organization with intelligence in-
volves creating an infrastructure for companies to
develop and sustain within a competitive environ-
ment. To this end, organizations must adopt organ-
izational learning models that promote and ease
the flow of knowledge to support the efficient and
effective accomplishment of organizational ac-
tions and decisions.

The infrastructure requires integration of a
Decision Support System (DSS) as well as of a
knowledge management system to deploy both in-
dividual and collective capabilities towards build-
ing organizational capabilities.

The construction of decision support systems
built from an integral (holistic) approach consti-
tutes an information processing device that allows
the generation of knowledge, which, in turn, clari-
fies and guides the decision-making process.

The purpose of a decision support system is to
provide analysis tools and also lay the foundations
(information and structure) for management solv-
ing problems in organizations producing goods
and services.

To describe the role of decision-making pro-
cesses based on a Decision Support System (DSS),
a model developed herein is proposed (Figure 1).

The process starts in a first stage that consists
of defining the system. This definition establishes
the constituent components from observation and
analysis.

The second stage consists of representing the
real system and its problems using models. In this
stage, different models may arise since system can
be represented in several ways.

The fundamental building blocks that constitute
DSS include the nature of the models (which can
be qualitative and quantitative), the selection of
tools for the treatment of information, the training
of analysts and highly trained staff to deal with de-
cision-making processes, and the knowledge em-
bedded in different organizational actors as well as
in the organization as a whole.

The third step consists of various tasks, namely
identification of sources of data generation, estab-
lishment of corresponding data-capture processes,
identification of data-analysis tools, and an evalua-
tion of data validity in order to build the input data
to feed the DSS models.

The fourth step involves determining the other
inputs required to structure the DSS, namely the
tangible inputs such as algorithms, computational
tools (software and hardware) and an estimate of
the capabilities required by analysts and decision
makers.

The fifth step focuses on the design of the infor-
mation-converting process in the DSS, that is, how
to experiment and how to operate in order to pro-
duce base knowledge for decision-making (this re-
quires setting scenarios and formulating strategies
and alternative solutions).

Building upon the output information, the sixth
stage assesses the feasibility and validity of infor-
mation against the performance characteristics
of the real system. To this end, it is necessary to
understand the operation and behavior of the real
system and also have capacity to assess the impact
of a decision on the organization as a whole and
on its immediate surroundings.

The seventh step is intended to provide know-
ledge for the decision maker to act with wisdom
during the decision making process, having a posi-
tive impact on the organization.
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Figure 1. Decision Support System Interaction

Source: Own work

Enough capacity must be allowed for the organ-
ization and for people in different dimensions for
them to act successfully in an integrated and dy-
namic way.

The ultimate goal then is to develop methodo-
logical processes oriented towards acquiring the
necessary skills (capabilities) to make an organiza-
tion quick and agile when facing decision-making
processes as a response to the trends governing the
current knowledge-based global economy.

A broader perspective shows how the output
information and its corresponding validation build
knowledge. This knowledge together with the ac-
cumulated knowledge, the interaction with the
environment and the training processes integrate
as a knowledge management system to support
decision-making.

CAPACITY EXPANSION MODEL

One of the stated requirements, on the way to im-
prove the competitiveness of organizations, is the
adoption of a proper trading strategy, which is de-
fined for Roger Schroeder (2012), Abdul-Jalal, Toul-
son, & Tweed (2013) as a view of the operations

function that depends on direction or general im-
petus for decision-making. This vision must be in-
tegrated with business strategy and often, but not
always, reflected in a formal plan.

The operations strategy should result in a con-
sistent pattern of decision-making and operations
and a competitive advantage for the company.
Likewise, (Ahmad, Bosua, & Scheepers, 2014), (F.
Jacobs, 2010), expressed as an important aspect to
consider, that this strategy should specify how the
company will use their productive capacities to
support the corporate strategy. All this means that
operations strategy must emerge from a long term
business strategy and, in turn, must be integrated
horizontally with the strategies of the other sub-
systems of the company.

According to this statement and in accordance
with (Babnik, Sirca, & Dermol, 2014), (Machu-
ca, 1995.), the operations strategy is established
as a long-term plan for the operations subsystem,
which are set to achieve the objectives and cours-
es of action and allocation resources to different
products and features.

This should pursue the achievement of the over-
all objectives of the company as part of its corporate
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strategy and constitutes a consistent pattern for the
development of tactical and operational decisions
of the subsystem. This, no different from the con-
cept of (Schroeder, 2012), who also adds that the
trading strategy should be a functional strategy that
should guide business strategy and whose heart
must be made by the mission, the distinctive com-
petence, objectives and policies.

The system is limited by the availability of
resources and conditions imposed by the en-
vironment such as market regulation standards,
environmental, social, industrial requirements, as
well as the perceptions and needs of the client,
now depending on management system of the or-
ganization and proper decision-making, the sys-
tem shall be provided an intelligent management
system that meets the needs of a demanding and
dynamic market.

So to simplify the complexity from this abstrac-
tion, we propose a decision support system where
in structure available models and optimization
tools that provides information and analysis for de-
cision-making at the strategic level, tactical level
and operational level.

Are varied and similar approaches regarding
the process of planning, scheduling and produc-
tion control have been treated by several authors
such as (Berends, Vanhaverbeke, & Kirschbaum,
2007; Bermell-Garcia et al., 2012), (Zhen, Song,
& He, 2012),(Schroeder, 2012), (Tawfik, 1992.),
(S. Nahmias, 2009), (Riggs, 1987 ), (Buffa, 1987),
(Jack R. Meredith, 2012) among others, who estab-
lished, in general terms, that starts with forecasts,
from which emerge the plans long, medium and
short term. According to the authors, this approach
presents some shortcomings, as it lacks the integra-
tive concept in the vertical direction, should start
in business strategy, and in the horizontal direc-
tion, must interact with the other subsystems of the
organization.

Other authors such as (Starr, 1979), (R. Com-
panys Pascual, 1989), and (Jacobs, 2010), (Ebert,
1991), offer models of production management
that, despite establishing an integrative concept

in the vertical, not clearly express the integration
horizontally. Maybe they are F. Jacobs (2011), and
F. Robert Jacobs (2010), (Machuca, 1995), who,
according to the literature, have a better approach,
believing integration in both directions. In this re-
gard, the latter author states that the planning and
control of production should follow a hierarchical
approach, which is achieved vertical integration
between the strategic, tactical and operational and
also set its horizontal relationship with other func-
tional areas of the company.

The main input of information for decision-mak-
ing in any organization of production of goods and
services is originating from the knowledge of the
nature of demand and their patterns of behavior
and, based on this knowledge, will determine the
resources required to ensure supply efficiently and
achieve effectively the goals of the organization.

If the products and services offered have long
life cycles and innovation is relatively easy to mod-
ify (e.g. presentation, color, size and other qualities
that point to customer perception), then from the
availability of historical data can be projected de-
mand; however, if the projected demand is grow-
ing and perceived needs for increased capacity, it
follows that it is necessary to plan the development
of capacity at the level strategic and tactical. Ac-
cording to (Lopez B., 2006)in the medium term an
analyze the feasibility of increasing the available
capacity with scheduling overtime or scheduling
new shifts, or definitely is required purchase of
new plant and equipment that fill the future needs,
here you should think and projector offering new
products and services, as discussed in (Lopez B.,
2006)

This model aims to assess the technical and
economic feasibility of expanding the installed
capacity, the best way to use resources, enabling
scheduling tree shifts or overtime, whether to in-
crease capacity at each stage of the process and in
each point in time, it is noteworthy that the deci-
sion to schedule machines in two or three shifts,
or overtime for each stage of the process involves
additional fixed costs for each recommended

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Vol. 18 - Special Edition Doctorate ® December 2014 © pp. 16-29

[19]



Decision-making model for the development of productive capacity as a component of a knowledge management system

César Amilcar Lépez Bello, Victor Hugo Medina Garcia, Lorna Udden

decision, and consider additional costs for amor-
tization of the purchase of the new machinery and
equipment, and hiring new workers. Then the ob-
jective function is structured in terms of produc-
tion and inventory levels in the decision to buy
new machinery and equipment, in the decision to
schedule one, two, three shifts or overtime for each
process step in each time period and the number
of workers required to handle new equipment in
those extra shifts and new facilities. Then the pro-
duction function of the capacity expansion with
three levels of economies of scale and overtime is
denoted by the equation (1) and is expressed in the
equation (2).

Objective: Determine a plan to expand the in-
stalled capacity, programming new work shifts or
overtime scheduling, oriented utility maximization
and expansion of installed capacity.

Objective Function:

X(3) X(e

]t' ]tr]p

F= f(X] tr Oc, Y, Wi, Z;, t'llt'X]+ltJX]+M+1 (1)

F:ii(}’ ) X;e +ZZP ) x<3’+ZZ(P €)X - Zih,,llv,—iicmg?wh,(z)

=1 = 1= t=1j=1 =17=1 =1i=1

Zz CFAD z,, —ZZCFAfj Aie -ZAm - ccz 0c, - CF
S a4 = =

Decision Variables

nen

X; 'j

jt*Production level in regular time of the item
in the period "t" (turn one and two)

X}(t) Production level in the third shift of the item
"i" in the period "t"

X( ?):Production level in the overtime of the item
"j" in the period "t"

Wl ¢:Binary decision variable expressing the ability
to schedule a second shift in the process stage "i"
in the period "t"

Z;+: Binary decision variable expressing the abil-
ity to schedule a third shift in the process stage "i"
in period "t"

A; ¢ Binary decision variable expressing the abil-
|ty to schedule overtime in the process stage "i" in
period "t"

We¢: Binary decision variable expressing the abil-
ity to schedule overtime staff in period "t"
X+t The Idle of the machine type "i" in regular
time, in the period "t"
Xj+m+1,tt Leisure of the workforce in regular time
in the period "t"
X](ﬂ“l .+ Leisure of the workforce in overtime in
the period "t"
X(3) The Idle of the machine type "i" in the third
turn in period "t"
Xi(";)_The Idle of the machine type "i" if pro-
grammed overtime in period "t"
Y;: Number of machines to acquire the type "i
Oc;: Number of new workers to hire (multipur-
pose), in the period "t"
I; 1+ Inventory on hand at end of period "t" of the
product type “j”
dn;: Unmet demand for product type
iod "t"
Y( ): New machines of type "i
second turn in period "t"
Yl(t) New machines of type "i
third turn in period "t"
Y(e)' New machines of type "i
Oc (e) Me in period "t"

“ ‘Operators new to programming in overtime
in period "t"

lv -1

“un

J

in per-

n il

to program in the

n il

to program in the

n il

to program in the

Parameters:

C;: Unit production cost in regular time (turns one
and two) of the article type "j"

CJ( ):Unit production cost of the article type "j" if it
occurs in the third turn

C( ): Unit production cost of the Item type "j" if it
occurs in overtime

P;: Sale price per unit of product type "j
CF:Fixed Cost

dmax; . Potential Demand of the Product type "j"
in the period "t"

dmin; : Demand required of the Product type "j
in the period "t"

Cd(l) Available capacity in one turn of the ma-
chmery in the process step "i" scheduled in the
period "t"

nen

"wen
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d(z) Additional available capacity machine in
the process step "i" if a second shift is scheduled in
the period "t"

d(3) Additional available capacity machine in
the process step "i" if a third shift program is sched-
uled in the period "t"

d(e) Additional available capacity machine in
the process step "i" if scheduled overtime in the
period "t"

Cdu (1t) .vailable capacity for unit of machine in the
process step "i" if the first shift is scheduled in the
period "t"

Cdu (Zt) Additional available capacity for unit of
machine in the process step "i" if a second shift is
scheduled in the period "t"

Cdu (3t) Additional available capacity for unit of
machine in the process step "i" if a third shift pro-
gram is scheduled in the period "t"

Cdu(e) Additional available capacity for unit ma-
chme in the process step "i" if scheduled overtime
in the period "t"

Kd,: Available capacity of manpower resource in
regular time in the period "t"

Kde,:\vailable capacity of manpower resource in
overtime in the period "t"

Kdo,:Available capacity per worker in regular
ume In the period "t"

Kdoe,: Available capacity for operator if sched-
uled overtime in the period "t"

a; j:Standard processing time of a product type "j
in a machine in the process stage "i"

b; j:Runtime labor requwed per unit of product
type "j" in the process step "i
CC: Cost of recruitment, hiring and training a new
operator.

h; . Inventory carrying cost per unit of product
type "j" in the period "t"

CFA(Z) Additional costs for increased production
level$ 10 schedule a second shift in the process step
"i" in the period "t"

CFA(3) Additional costs for increased production
levels to program a third shift in the process step
"i" in the period "t"

"wen

CFA(et) Additional costs for increased production
levels by scheduling overtime in the process step
"i" in the period "t"

A;: Amortized cost for the purchase, installation
and commissioning of a machine type "i"

Er;: Space required for installation of a new ma-
chine, considering the work areas: raw material
supply, equipment handling and temporary storage
of processed product in the process step "i"

Ed: Available space for installation of new
equipment.

fs: Service factor

Initial Conditions:

I; o2 Inventory on hand at the beginning of the
planning period of product type “j” (so that it is
equal to a constant) where,

Referential Sets:

i: Index that identifies the step of the process and
type of machine, where

j: Index that identifies the type of product, where
t: Index that identifies the production period, where
M: Number of process stages or types of machine
J: Number of product types

T: Number of periods of planning horizon

Constraints:

The model of expansion of installed capacity, with
three levels of economy of scale for strategic and
tactical decisions, scheduling three shifts and pos-
sibility of scheduling overtime, includes the fol-
lowing restrictions:

Restricting resource capacity machine and
equipment for two turns, in it takes into account
the possibility of increasing capacity with the pur-
chase and installation of new equipment, if used
one shift, or two shifts which is activated with bi-
nary variable associated with this possibility, the
restrictive condition is further capacity in regular
time (turn one two).

So that the required capacity more leisure slack
resource means equals machine capacity available
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in regular time increased with the possibility of ac-
tivating the second shift and increased capacity
with the purchase and implementation of new pla-
ces of work, as shown in the equation (3).

Z]:ai,j Xje + Xyuip — CAiy Wi, — CaulPY: — Caul¥ D = cdf vi n vt (3)
=1
Restriction of production capacity the third
shift, this restriction is indicating the possibility of
using the turn three in production, where the ad-
ditional capacity is activated with a binary varia-
ble that enables third shift, and the increase caused
by the purchase and installation of new machinery
and equipment, as shown in equation (4).
]

3)
Z ai,]' Xj,t +

=

x®

(3)y ()
it = Cdu; Y,

-cd¥z,, Dy =0vin vt (4)
Restriction machine capacity in overtime, whe-
re the capacity is related to the production em-
ployed in overtime, limited by the availability of
programmable machine time in overtime, which
is activated by a binary variable, and consider the
possibility of using the additional capacity for the
acquisition, installation and qualification of new
machinery and equipment, as expressed in the
equation (5).
J

2,

j=1

@y

X(E) + X(E) it Tt

4 X\, — Cdal 1, =0 Vi A vt(5)

Restriction of human resource capacity, here re-
lates the required capacity of labor in three shifts,
with available capacity associated with the current
workforce and the ability to be increased by hiring
new workers, which implies an increase capacity

of labor. This relationship is shown in the equation

/M
by Xjp = Z Z biy X

j=1i=1

t
- Kdotz 0¢, + Xyugsne = Kd, vt (6)
r=1

-

Capacity constraint of manpower resource in
overtime, this restriction associated personnel
scheduling decision in overtime, provided that
overtime is enabled, this option is included in

addition to the new hires. This relation is represen-
ted by the equation (7).
M

Z b x©

ij 2t
j=1

t
— Kdoe, Z 0c® + X](i}“u = Kde, we, Vvt (7)

i=1 r=1

Potential demand constraint, this relationship is
expressed with the limits imposed by the market
and indicates that the levels of the production and
inventory should not exceed the projected poten-
tial demand; we see that the difference between
demand and supply is unmet demand. This rela-
tion is represented by the equation (8).

3) (e) i
X + X0 + X0 + Loy — L +dny = dmax;, Vj A VE ()

Restriction required demand, this relation is
expected to ensure compliance with the require-
ments demanded of each product at each point in
time, using the methods of production in regular
time, a third shift schedule or overtime schedu-
ling. These requirements can obey to commitments
made to customers or policy of level of customer
service and is expressed as the equation (9). It is
guaranteed that actual production levels in regular
time, in the third shift and in overtime, and initial
inventory level available minus the end inventory
in each period for each product should be greater
than or equal to the minimum required demand.

3) ( , .
Xjc+ Xj(,t + Xj,f) + 11— Ij; =dmin;, Vj A Vt 9

Restriction service level, it is intended to enable
a condition to ensure a level of customer service, is
used if there is a policy difference between service
level with demand required when there are com-
mitments to customers. It indicates unmet demand
should be inferred at a fraction of the potential de-
mand, as shown in the equation (10).
dn;, < (1 - fs)dmax;, Vj A Vt (10)
Restriction of physical space, this condition li-

mits the ability to purchase and install new machi-
nery and equipment, depending on the availability
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of space for installation of new jobs; on the left
shows that the sum of the multiplication between
the number of machines with the space for insta-
llation and operation for each unit type machine
should not higher availability of physical space, as
seen in equation (11).

M
Z Eri Yl < Ed
i=1

Zero profit constraint, this relationship is spe-
cified that the income generated by production
levels made in one, two and three shifts and the
overtime, less the costs associated with inventory
levels, and involve additional costs programming
of the second, third shift and overtime, plus costs
for a return on investment for the purchase and ins-
tallation of new machinery and equipment costs
exceed fixed programmed for the operation of the
organization and is expressed by the equation (12).

(11

T J T ) T ] T J T M
3, 3) (e ) 2.
2 25=60%u+ 2 D (= XD+ DD (=GN =D D hahe= ) D AW (] D)

= = =1

o row u "
- zz CFAD 7, - ZZ CFA®) Ay — Z AY, - ccz 0Oc, = CF
=HE =HiE = =

Equation (13) expresses the impossibility of pro-
gramming simultaneously the third shift with the
overtime. This expression is conditioned with the
addition of binary variables.

Zi+ A <1Vi=12,..M A vt=12,..,7(13)

With the equations (14), (15) and (16) ensures
that the new machines can be programmed on the
second shift, third shift or overtime provided they
are purchased.

Yff) <Y,Vi=12,.,M A vt=12,...,T (14)
Yif) <Y, Vi=12..,M A vt=12,..,T (15)
Yi,(f) <Y,vi=12,..,M A vt=12,..,7 (10)

With the equations (17), (18) y (19) ensures that
the new machines can be programmed in the res-
pective shifts, as long as the shifts are enabled.

v P <MW, vi=12,..,M A Vt=12,..,T (17)

v <Mz, vi=12,..,M A ve=12,..,T (18)

v <Ma,vi=12,.,M A ve=12,.,T7 (19)

With the equation (20) ensures that the work-
force should be scheduled if scheduled overtime at
any stage of the process at some period

M
We, < Z Aie Yt=12,..,T (20)
i=1
With the equation (21) ensures that operators

engaged, may be scheduled overtime long as they
are engaged.

~

t
OCSB) < Z Oc, (21)
1 r=1

The equation (22) shows the logic condition to
be non-negative and integer decision variables,
number of machines has to be acquired or enabled
in a turn and hired workers and qualified to work
in regular time or overtime.

r

Y, Y27 v, 0c,0¢€ 2 0 A integer vi=12,..,M AVt =12,..,T (22)

In the equation (23) are shown binary condi-
tions for the decision to schedule a second shift,
third shift or overtime in each process step in each
time period and the decision to schedule the oper-
ators in overtime.

Wi, Zip Aips We, are binary Vi=12,..,M A vt =12,..,T (23)

With logical equation (24), expresses the condi-
tions of non-negativity of the variables, production
levels in regular time, on the third shift, overtime,
inventory levels and unmet demand.

X XX 0 dng, 20 Vj=12,.,] AVE=12,..,T (24)

With logical equation (25), expresses the con-
dition of non-negativity of the variables, idle
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machinery, workforce in regular time, and unused
capacity on a third shift or overtime.

3 .
Koo X0 X X ino X opane 2 OVi=12,.,M Ave=12,..,T (25)

Initial conditions, this equation (26) is specified
that the inventory on hand at the beginning of the
planning horizon of product type “j” is equal to a
constant.

Lio=kte; Vj=12,..,] (26)

In equation (27) summarizes the mixed integer
programming model to evaluate strategies to in-
crease production capacity.
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PROTOTYPE
Description

Manufacturing firms pose in their strategic develop-
ment plans the possibility of expanding production
capacity, for which you can use strategies such as
overtime scheduling, scheduling new shifts or by
purchasing, installing and enabling new posts work;
additionally, wish to evaluate the technical feasibil-
ity of introducing new products to the market.

The Company produces four types of product
families, to over three stages of the process, where
there are multiple machines (or jobs) by process
step the same technology. The company works in
one shift of eight hours, six days a week (Monday
to Saturday), not working holidays and also col-
lective vacation program corresponding to fifteen
business days per year (seven days in December
and eight days of January).
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The standard processing time in minutes of each
machine per unit of product type by type of machi-
ne in each process step, the number of machines
available for each type of process step, standard
time losses caused by the preventive maintenance
of the equipment per unit of each type of machine
in hours per year, the number of workers required
per job or machine type, the amount of raw mate-
rial required per unit of product, the cost of opera-
ting a machine each type in $ per hour machine,
the unit cost of each type of raw material, the ini-
tial inventory available for each type of product

Table 1. Prototype parameters

and the selling price per unit of each product is
shown in table 1.

The potential demand is calculated based on the
data passed in the previous two years and shown
in table 2. If they decide to schedule overtime, the
cost of labor is increased by 10%, plus an increase
in the fixed cost caused by the need to coordina-
te and monitor the additional activity, estimated at
10% with the cost fixed; in other words, the cost
prorated for periods where scheduling extra time
for each stage of the process (e.g. the fixed cost ad-
ditional incurred in a process step in a period whe-
re program overtime is $22.222.222 per month).

PRODUCT Numbfsr of Hour-kras(s:ﬁsine for Workel.r for Operation cqst
Machines machine $ / hour-Machine
Minute for unit year
STAGE P1 P2 P3 P4
E1 11 14 12 11 20 110 1 27380
E2 10 8 9 8 15 115 2 25870
E3 12 7 7 10 16 135 2 24750
Raw Material P1 P2 P3 P4 $/unit
MP1 2 2.1 2.3 2.3 Units 2600
MP2 1.5 1.2 3.8 1.9 Units 2380
MP3 20 22 25.5 26.5 Grams 165
Sale Price 43953 43022 44772 45531 $/unit
Initial Inventory 500 250 420 285 Unit
Factors Organiza-
cional G2 3500
Losses Standard for absenteeism G3 3200 hours/year
External Factors G4 3300

Source: Own work.

Also, if you set a second shift, the labor costs for
the two shifts are similar, but the fixed cost increa-
ses, as well as whether overtime program., which
is $22.222.222 per month by process step where
new the shift schedule. The maximum production
capacity in the second round is the same as the
first, also, increase the losses of time due to equip-
ment maintenance and by several factors, but it is
necessary to evaluate the hiring of new workers.
You can program a third shift, but in this situation
the cost of labor would increase by 25% with addi-
tional fixed costs of $25.000.000 a month by step

process if they activate the shift. Also effective ca-
pacity at the third shift would be only 70% of the
capacity of the other shifts, for efficiency and coor-
dination reasons. For this situation it is important to
evaluate the hiring of new workers.

The company has a staff of 96 multipurpose
workers, the labor time involved an additional
20% for material handling and equipment enlist-
ment. The cost of labor is determined by the salary
of each employee which are semi-skilled and up to
two statutory minimum wage.
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Table 2. Demand data for the last two years of the products

DEMAND FOR PRODUCT

P1 P2 P3
Period Year 1 Year 2 Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
January 10500 10510 9500 9510 10300 10210 5500 5510
February 11550 11420 9550 9820 11550 11420 6550 6420
March 13280 13300 8280 8300 8500 8800 6280 6300
April 14440 14560 12440 12570 10440 10560 7440 7560
May 15300 15600 13300 13680 8300 8600 10300 10600
June 16200 16450 15210 15420 9200 9450 12200 12450
July 13200 13250 16200 16250 10200 10250 15200 15240
August 12620 12300 15330 15380 12620 12300 16620 16300
September 14540 14640 14730 14720 13540 13640 17540 17640
October 15200 15600 14200 14640 17200 17600 17200 17600
November 15600 15820 15700 16620 18500 18820 18600 18820
December 16400 16920 16800 17320 20400 20920 19400 19920

Source: Own Work

The annual fixed cost of operating the business
without considering any expansion, hiring costs,
depreciation costs for the purchase, acquisition
and installation of new equipment, the area re-
quired for the installation and operation of a ma-
chine of each type and the area available for the
placement of new jobs are shown in table 3.

Table 3. Additional data to assess the capacity

expansion

Machine Amortized Cost  Required Space
$/year for machine m?

M1 4.200.000 6

M2 4.800.000 8

M3 5.600.000 10

Available Space 820 m?

Cost of hiring 1.200.000 $/worker

Fixed Cost 1.500.000.000 $/year

Source: Own work

The inventory carrying cost is charged 2%
monthly average inventory at cost (2% per month
for the unit cost of the product).

Solution and Experimentation

1. To solve the problem is to construct the informa-
tion needed by treating the input feature data, then
calculate required.

* Production capacity of the machinery by step
process in each time period in regular time (one
shift, two shifts, three shifts) and in overtime.

* Machine per unit capacity of each type.

e Labor capacity.

e Projected demand over the planning horizon.

® Operating costs, labor costs and material costs.
2. Software requirements: using GAMS (General
Algebraic Models System)

Testing and Simulations

The number of experiments that can be performed
directly dependent on the configuration of the or-
ganization and its features, and the scope of the
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decision, if you think about evaluating the possibil-
ity of expanding the capacity available with strat-
egies such as scheduling more shifts or scheduling
overtime, or if the decision is strategic and is plan-
ning to expand the installed capacity, with the pur-
chase and installation of new machines and jobs.
Then, from the experiments are located bottlenecks
resources and is observed as determining the best
decisions to modify the availability of resources,
for example the space available for installation of
new machines. It should be noted that the decision
process requires the ability of the decision-mak-
er in terms of understanding of the issues and the
knowledge and use of decision support tools, as
well as the agility to the analysis and interpretation
of results and their validity face the facts presented
in the organizational system.

Changes in demand requirements

To the extent that the problem is not restricted to
minimum demand, the contribution margin in-
creased to the detriment of the non-production of
goods with lower profitability.

If the company wants to meet the demand must
increase capacity; in other words, if the problem
is conditioned to meet minimum demands, more
capacity is needed, now limited to the produc-
tion system, the alternative is to produce with stra
tegies such as overtime or programming a third
shift to be far more costly to the detriment of the
utility.

Changes in the availability of physical space

If the possibility of installing new equipment due
to lack of physical space is restricted, the develop-
ment of the capacity for what this resource is seen
as the limiting or bottleneck that limits the growth
and development of productive capacity is trunca-
ted. But if the physical space, for example to 1200
square meters for the installation of new equip-
ment and workstations increases, growth in inco-
me and resource use more widely seen, so it looks
like it absorbs and holds demand.

Changes in costs

Unit costs may grow by the increase in the value of
raw materials, the cost associated with labor and
operating costs, in addition, inventory carrying
costs will increase or decrease depending on the
value of the goods. Additionally the costs of prepa-
ration and readiness, replacement costs lots in the
sequence of operations are crucial to productive
activity and influence the preference for the pro-
duction of a good or another.

Price Changes

The selling price of the products varies with time
and depends directly on its life cycle, in addition
to regulations imposed by trade and free market
competition.

It is perceived that increasing the price of a
product contribution margin increases and there-
fore there is a tendency to prioritize the production
of goods; on the other hand, if the price drops, it
tends to decrease activity levels for production of
this article.

Add other resource constraints

It is important to note that the dynamics and grow-
th of organizations may be affected and limited by
the scarcity of resources as the raw material that
definitely changes the action plans and the distri-
bution of production activities of goods and servi-
ces. The production of pollutants and stabilize the
environment are critical in the decision process,
generating restrictive elements to productive activi-
ty. Then it is necessary to add relationships restricti-
ve model that take into account these limitations. It
is understood that any restriction that limits on cor-
porate actions caused losses in the profit margin,
and any additions and obtaining resources bottle-
necks do to increase profits.

CONCLUSIONS

The system decision support is configured with a
set of models that are used to clarify and obtain
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information for making efficient and effective de-
cisions in complex environments. Thus, mathema-
tical modeling, optimization tools and techniques
and quantitative character tools provide the basis
for the system to work in a smart way.

An input of information for decision-making is
the identification and characterization of the de-
mand for goods and services, for which there are
a number of tools for the prediction, which forms
the basis for planning transversely in all functions
of the organization and supply chain.

The life cycle of products directly affects the de-
mand for goods and services, and demand is af-
fected by the policies of the State in regulating the
conduct of the competition, market trends, and
other factors such as price, quality, performance,
and characteristics that differentiate the products
and services. For all these reasons, there are many
techniques and methods for forecasting and esti-
mates based on knowledge of the demand, but it is
necessary to determine which model, technique or
procedure is appropriate.

The construction of models for analysis and de-
velopment of productive capacities in organiza-
tions is extensive and varied and depends on the
type of organization, the state in which it has, be-
sides its own organizational structure, culture and
dynamics in response to market trends and en-
vironment. But we can start with an archetype that
can be adjusted according to circumstances.
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ABSTRACT

In this work, we presented some complementary
studies for In(O,OH)S thin films deposited on AgInS,
thin films to fabricate a new system absorbent-layer/
buffer-layer to be used in tandem and/or in one-junc-
tion solar cells. As showed in previous works carried
out for us, AglnS, layers were grown by co-evapo-
ration from metal precursors in a two-step process;
and In(O,0OH)S thin films were deposited by Chemi-
cal Bath deposition. X-ray diffraction measurements
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indicated that AgInS, thin film grown with chalco-
pyrite structure; and In(O,OH)S films grown with
polycrystalline structure. The AgInS, thin films pre-
sented p-type conductivity, and from transductance
measurements it was found a high absorption coeffi-
cient (greater than 10* cm™') and an energy band
gap of 1.95 eV; and In(O,0OH)S thin films presen-
ted Eg about 3.01 eV; morphological analysis indi-
cated that under this synthesis conditions, In(O,OH)
S thin films coated completely the AgInS, absorber
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layer. Finally, the Avrami-Erofeev equation was used
in this work to study In(O,OH)S thin film growth rate
on AgInS, substrate. Results indicate that the develo-
ped system can be used in single-junction and mul-
tiple junction solar cells.

Keywords: absorber layer thin film, AgInS, buffer la-
yer, In(O,0OH)S, optic window, solar cells.

RESUMEN

En este trabajo presentamos estudios complementa-
rios de peliculas delgadas de In(O;OH)S deposita-
das sobre peliculas delgadas de AgInS, para fabricar
un sistema capa absorbente/capa buffer utilizado en
celdas solares tipo tdindem o celdas de juntura sim-
ple. Como se demostré en trabajos anteriores reali-
zados por los autores, las capas de AglnS, crecieron
por coevaporacion de los metales precursores en
un proceso de dos etapas; y las peliculas delgadas
de In(O:OH)S se depositaron por bafio quimico.
Las medidas de rayos X indican que las peliculas

de AgInS2 crecen con estructura tipo calcopirita y
las de In(O:OH)S con estructura policristalina. Las
peliculas de AgInS, presentan conductividad tipo P,
y de las medidas de transductancia se encontré un
coeficiente de absorcién alto (mayor a 104 cm-1), y
un gap de 1.95 eV; las peliculas de In(O:OH)S pre-
sentaron un gap de 3.01 eV; el analisis morfoldgi-
co indica que bajo estas condiciones de sintesis, las
peliculas de In(O:OH)S recubren completamente la
capa absorbente de AgInS,. Finalmente, en este tra-
bajo se aplico la ecuacién de Avrami-Erofeev para
estudiar la tasa de crecimiento de las peliculas del-
gadas de In(O:OH)S sobre el substrato de AgInS,.
Los resultados indican que el sistema desarrollado
puede utilizarse en celdas solares de juntura simple
o multijuntura.

Palabras clave: ventana 6ptica, AgInS2; In(O:OH)S,
capa buffer, capa absorbente, pelicula delgada, cel-
das solares.

INTRODUCTION

The highest conversion efficiencies reported for
thin film solar cells has reached over 20.8% (Green
et al., 2014); this result was obtained for using
CulnGaSe, (CIGS) as absorbent layer and Cad-
miun Sulphide (CdS) as buffer layer. Other semi-
conducting compounds such as CuGaSe,, CulnS,
have been used as absorbent layers; however, they
have reported lower energy conversion efficien-
cies (Green et al., 2014, Wang et al., 2012, Goetz-
berger et al., 2003). It is well known in solar cell
development technology that chalcopyrite type
compounds from group I-lI-VL, in periodic table
have suitable properties to be used in single-junc-
tion and tandem solar cells because those com-
pounds have shown direct gap. Nowadays, usage
of Silver-Indium-Disulphide (AgInS,) as an alterna-
tive semiconductor material is expected to make
a good solar cell absorber layer in multi-junction

systems due to its large absorption coefficient and
its band-gap energy (Eg) ranging from 1,87 to 2,03
eV (Albor et al., 2007). Although, optimal Eg is
around 1,45 eV and AgInS, has higher Eg values,
its chalcopyrite structure and its lattice constant
allows to form appropriate heterojunctions with
semiconductors such as CdS and CulnSe,. The
above mention argument justifies that AgInS, has
possibly the required properties to be coupled suc-
cessfully to grow CdS/AgInS,/CuGaSe, structures
(Roth et al., 1973; Loferski et al., 1978).

CdS is typical buffer compound used in chal-
copyrite solar cells; however, CdS compounds
are considered hazardous materials to environ-
ment (Toxic Lethal Value: 50pg/m?®) and, therefore,
other less-toxic suitable compounds are being re-
searched to substitute the CdS buffer layer based
on two main arguments (Sankapal et al., 2004; Lee
etal., 2012):
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(1) The expected environmental risks arising from
implementation of synthesis CdS thin film by CBD
process in a CIGS module production line requires
additional safety regulation (McEvoy et al., 2013).

(2) The possibility to improve the light transmis-
sion in the blue wavelength region for using a ma-
terial with a wider band gap than CdS (McEvoy et
al., 2013; Arredondo et al., 2012).

Alternative buffer layers to CdS films have
been assessed to fabricate Cd-free devices to im-
prove photocurrent generation. Buffer layers com-
posed by ZnS deposited by CBD and Atomic Layer
Deposition (ALD) have shown high potential to
be used as a buffer material (Naghavi et al., 2006;
Ennaoui et al., 2005); system Zn(O,0OH)S/Zn0O re-
ported efficiencies above 18% in CIGS based cells
(Contreras et al., 2003). Buffer layers in chalcopyr-
ite based solar cells constituted by In,S,, In.Se,,
ZnSe and (Zn, In) Se_have shown positive results
as alternative buffer layer (Hariskos et al., 2005).
Moreover, properties such as stability, band gap
energy (2,5-3,0 eV), photoconductor behavior and
high transmittance (75-85%) in the visible range,
make In(O,OH)S thin films an option to substitute
CdS as buffer layer (Barreau et al., 1995).

Different chemical and physical methods have
been reported in the literature for AgInS, thin films
deposition; however, best results have been ob-
tained with AgInS, thin films obtained by physical
methods (Yoshinory et al., 1995; Ueno et al., 1990;
Sharma, 1995); for In(O,0OH)S thin films, the CBD
synthesis offers a low-cost option as it does not re-
quired high tech instrumentation, and chemicals
are easily available, along this method uses low
temperature deposition; it helps to avoid oxidation
and corrosion substrates (Bhattacharya et al., 2005).

This research articles focuses on the study of
the characteristics of In(O,OH)S/AgInS, interface

heterojunction to be implemented on solar cells
(single-junction or tandem cells). AgInS, thin films
were deposited by co-evaporation method in a
two-step process; and In(O,OH)S thin films were
deposited by CBD method.

MATERIALS AND METHODS

AgInS, thin film preparation

AgInS, thin films were prepared by co-evaporation
from metallic precursor species on glass substrate
on an evaporation chamber connected to a vac-
uum system with pressures around 10~ Torr, two
tungsten crucibles (to evaporate Ag and In respect-
ively), a tantalum effusion cell to evaporate sulfur,
and a thickness monitor (Maxtec TM-400) with a
quartz crystal to measure the evaporated elements
flux. The substrate temperature was controlled with
a programmable PID controller (Eurotherm 900C);
figure 1 shows general scheme of physical depos-
ition system. AgInS, thin films deposition was ac-
complished in two stages. An In S layer is grown in
the first stage by means of simultaneous evapora-
tion of In and S, keeping the substrate temperature
at 300° C. The In flux and S evaporation temper-
ature were kept at 2.5 A/s and 135°C respectively
during the whole stage.

Consecutively, on the second stage, AgInS,
is formed by evaporating Ag (in a chamber filled
with sulfur) over a layer of previously grown In S,
(first stage); substrate temperature and Ag flux were
400-600°C and approx. 3 A/s respectively. AgInS,
films were exposed to a post-deposition thermal
annealing in S environment during approx. 1 hour,
in order to improve its chemical composition.
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Figure 1. General scheme of physical deposition
system using for AgInS, thin films deposition

Source: The authors.

In(O,0OH)S thin film preparation

In(O,0OH)S layers were deposited using a solution
prepared with thioacetamide (Scharlau) (TA) and
indium chloride (InCl,) as sources of $* and In**
ions respectively; InCl, was prepared in our lab-
oratory using metallic In (99,9%) and HCl 36%
(99.9% Merck). Acetic Acid (99,9% Merck) and
Sodium Citrate (Riedel-de Haén) (Cit) were used
as complexing agents of In**ions. Two substrates
were used to grow In(O,OH)S layers: soda lime
glass coated with Indium Tin Oxide (ITO) and
AgInS, deposited on soda lime glass; specific ex-
perimental conditions are described on Vallejo et
al. (2010). The chemical reaction of the film prep-
aration is presented in equation 1, as follows:
[In(Ac0)4_xHCitx](qc) + CH3SCNHyq + H3;0™ S

(M

[In(0, 0H)S] iy + NH,* + AcOH + HsCit

Analytical methods

Optical, structural and morphological properties
of AgInS, and In(O,0OH)S thin films were studied
through transmittance, XRD and AFM measure-
ments carried out with a VIS-IR Oriel spectro-
photometer, a Shimadzu 6000 diffractometer with
Cu-K_ radiation (A = 0,15418 nm) source over the
diffraction angle 26 between 20° and 80° and PSI
AFM microscope with a scanned area (2 pmx2
pm). Film thickness was determined using a Veeco
Dektak 150 surface profiler. AgInS, conductivity
was determined by means of thermoelectric power
measurements.

RESULTS AND DISCUSSION

In(O,0OH)S thin film growth on AgInS, layers

CBD process kinetics for In(O,OH)S thin film
growth on AgInS, layers and ITO substrates are
presented on figure 2. Results obtained from the
trials tend to follow a sigmoidal trend, typical from
autocatalytic reactions (O’Brien et al., 1998). Such
behavior can be described by means of the Avrami-
Erofeev equation (2).
a=1-—-exp (—kt") (2)
Where « is the fractional decomposition; t the
time; k is a rate constant, and n the Avrami expo-
nent which determines the nucleation and growth
mode. The equation expresses the rate of formation
of the nuclei, in the event when completely ran-
dom nucleation occurs (Zhai et al., 1007). During
the growth process of In(O,OH)S thin film, 3 phases
were identified: (1) induction time (start-up of the
nucleation process), (2) an initial linear phase, and
(3) final saturation phase (figure 2a). Induction time
depends mainly on solution temperature, reagents
concentration and substrate composition. During
the second phase, film thickness increases exponen-
tially with the time, while on the last phase growth
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rate decreases as reagents concentration decay;
normal behaviour of CBD process. Furthermore, it
was observed that substrate composition can influ-
ence the growth rate of the In(O,OH)S. Kinetic rates
are faster when AgInS, was used as substrate than
ITO. CBD growth process is affected by the surface
kinetic processes (Froment et al., 1995). Determin-
ation of site availability for the formation of nuclei
depends on composition and morphology of sub-
strate, particularly the presence of defects as vacan-
cies and interstitials (Ag, In, S) which can facilitate
the presence of those sites (Arredondo et al., 2010).
If we considered that buffer thin film formation is
based on the nucleus generation and succeeding
growth (assuming constant temperature during the
process), the Avrami-Erofeev equation (3) can be
used to calculate the kinetic reaction parameters
on different substrates (Zhai, 2007):
Ln[-Ln(1 — a)] = Ln k + n Ln(t) 3)
Plotting Ln[-Ln (T-a)] vs Ln (¢), the reaction con-
stant (k) and the Avrami exponent (n) can be ob-
tained from the slope and the intercept of the lineal
fitting respectively. Figure 2b indicates that sub-
strate type affects growing rate of In(O,OH)S thin
films; n value found indicates that both types of
substrate consist of the same In(O,OH)S crystals
nucleation mechanism because its values are ap-
proximately the same (table 1). However, unlike n,
k value changes significantly when substrate type
varies; this value doubles when AgInS, absorb-
ent layer is used, indicating that the growth pro-
cess occurs at a greater rate on AglnS, than Soda
Lime. This phenomenon can be attributed to differ-
ent nucleation mechanism or the number of sites
is different for the generation of nuclei. As a con-
sequence of similar n values in both substrates,
nucleation pathway has the same trend, and there-
fore, AgInS, presents a greater number of sites for
nuclei generation than ITO substrate for In(O,0OH)
S crystals growing; results explained based on their
composition and surface topography (in agree-
ment with reports on Zn(O,0OH)S and In(O,0OH)S

thin films deposition on CulnS, layers) (Zhai et al.,
2007; Vallejo et al., 2010).

Table 1. Growth kinetics parameters of In(O,OH)S thin
films synthesized on different type substrates by CBD

Substrate K*1000 n
AlS 7,5 1,36
ITO 3,0 1,41

Source: The authors.
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Figure 2. (a) In(O,OH)S growth rate variation on time
synthesis and substrate type. (b) Ln[-Ln (T-a)] vs Ln (1)
curve with different substrates type

Source: The authors
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Structural characterization
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Figure 3. Comparison XRD pattern AglnS, thin

films deposited by co-evaporation and one XRD
pattern simulated assuming that sample grown in the
tetragonal phase

Source: The authors.

AglnS, thin films

Figure 3 shows XRD spectra of AglInS, films de-
posited by co-evaporation; results were analyzed
based on the data reported in the JCPDS database
for these types of compounds, and performing
theoretical simulation of the XRD pattern with
PowderCell package. Rietveld method was used
for simulation of tetragonal AgInS,-phase; geom-
etry Bragg-Brentano with March-Dollase model
was used to find the preferential orientation, and it
was found to be (112). The function Pseudo-Voigt
1 was used; the number of iterations was 550 and
the final ¢ factor (shi factor) was 1,5. The described
procedure was fundamental to identify the phases
present in the samples with a high degree of con-
fidence. It was found that AgInS, had grown with
tetragonal structure. Seven peaks were observed:
the highest was observed at 20=26,68° corres-
ponding to preferential plane growing (112); other
peaks were identified as follows: 26=30,4° to plane
(200); 26=31,96° to plane (004); 26=43,55° to

plane (220); 26=46,62° to plane (204); 26=51,80°
to plane (312) and 26=55,02° to plane (224).
These results are in agreement with JCPDS No.
251330. The lattice parameters determined from
the X-ray diffraction spectra for AgInS, films grown
with chalcopyrite type tetragonal structure are: a =
5,8980A and b = 11,1935A. These results indicate
that AgInS, layer fulfils structural requirements to
be used as absorbent layer in thin film solar cells.

©)
_ : 5 ; In(OH,0)S,,_/ITO
1 &g g
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=
= 3
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Figure 4. (a) XRD pattern AgInS, thin films deposited
by co-evaporation; and XRD pattern of In(O,OH)S
thin films deposited by CBD on (b) AgInS, and (c) ITO
substrates (ITO signal were deleted)

Source: The authors

In(O,0OH),S thin films

Figure 4 shows XRD pattern corresponding to
In(O,0OH)S thin films deposited on ITO and AgInS,
substrates. Due to its small thickness, crystallinity
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of In(O,OH)S thin films were very poor; XRD pat-
terns demonstrate that In(O,0OH)S layers are poly-
crystalline. Samples deposited on ITO present just
three reflections: the first two at 26=33,7° and at
26=34,1°, which corresponds to (001) and (200)
planes of Indium Oxide Hydroxide (INnOOH)
(JCPDS # 17-0549), and the third reflection at
20=48,37° associated to (2212) plane from tetrag-
onal B-In,S, phase (JCPDS #25-0390).

On the other hand, samples deposited on
AgInS, presented one reflection at 20=25,7° which
corresponds to (110) plane of Indium Oxide Hy-
droxide (INOOH) (JCPDS # 17-0549). Under re-
action conditions, it is possible that during CBD
process, a mixture of In,S,, In(OH), and In,O, can
be obtained (Larina et al., 2003); however, results
reported by other authors on In_S, thin films struc-
ture deposited by CBD, suggesting a mixture of the
cubic a and b In,S, phases (Lokhande et al., 1999;
Bayon et al., 2000). The presence of Indium oxide
hydroxide and another phases of In,S, such as g
and e have been also reported (Larina et al., 2003,
Bayon et al., 2000). Results indicate that buffer lay-
er films deposited on ITO and AgInS, exhibit poly-
crystalline structure and might contain a mixture of
In,S, and In(O,OH) phases.

This phenomenon can be explained due to its
hydrodynamic of reaction medium because in our
case a co-precipitation of another species is pos-
sible; due to final composition of buffer layer syn-
thesized by CBD (where different chemical phases
are mixed), is common named this material as
In(O,0OH)S. Along with this, In(O,OH)S thin films
deposited by CBD were polycrystalline on both
ITO and AgInS, substrates. These results are im-
portant because they indicate that the recipe used
allows to obtain polycrystalline thin film independ-
ently on the substrate used. To photovoltaic appli-
cation, it is necessary to obtain a correct junction
with electric contact on top cell (ZnO commonly
used) for electrical transport and, In(O,OH)S thin
films were polycrystalline on AgInS, substrates,
this enhance the junction to electric contact.

Optical characterization

AgInS, and In(O,OH)S thin films were character-
ized through spectral transmittance measurements;
optical properties of In(O,0OH),S were determined
from transmission measurements in the range of
300-1000 nm. Figure 5 shows typical transmission
spectra of AgInS, and In(O,OH)S films. In(O,0OH)S
films deposited on AglnS, substrate were homogen-
eous with adequate substrate adherence. In(O,OH)
S thin film showed optical transmission of 80-90%
in the visible range. High transparency in the vis-
ible region indicates absence of adsorbed powdery
colloids formed by homogeneous reaction during
the film growth. A sharp absorption edge is ob-
served in the visible region, indicating relatively
good crystallinity and low defect density near the
band edge (Gracia et al., 2005). For AgInS, thin
films, it is observed that transmittance spectra have
a sharp absorption edge in the visible region.
Based on the optical transmission measure-
ments, the square of absorption coefficient (4 is
plotted as a function of photon energy (hv). Fig-
ure 6 shows results of n vs. |, a vs. | and (ahn)?
vs. hn for AgInS, substrates and buffer layers. Those
results were determined based on (Gracia et al.,
2005). Figure 6 shows that AgInS, films have an
absorption coefficient a greater than 10*cm™ and
an optical gap Eg of 1,93 eV. These results indi-
cate that AglInS, thin films have suitable properties
for using them as absorber layers in two junction
tandem solar cells. In(O,OH)S band gap (3,01eV)
was greater than In.S, bulk band gap (2,4-2,7eV)
(Asenjo et al., 2007; Sandoval-Paz et al., 2005);
this shift may be due to the CBD technique. The E,
of In(O,0OH)S depends on the film’s stoichiometry,
and it can be found between 2,0 eV and 3,7 eV for
In,S, and In,O, respectively (Bayon et al., 1998).
This result is in agreement with the E, reported for
In(O,0OH)S thin films obtained by CBD (Larina et
al., 2003; Huang et al., 2001; Yousfi et al., 2000).
In CBD process the co-precipitation of an-
other species is common; in our case, In(OH),
and In,O, can be presented in a buffer layer; these
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compounds could shift the band gap to blue ener-
gies; this phenomenon is very favorable because
blue response in solar cells enhance system per-
formance. Furthermore, figures 5 and 6 showed
that In(O,0OH)S thin films presented better optical
properties than CdS thin films; this properties al-
low to use In(O,0OH)S thin films as buffer layer on
solar cells. Along, differences in band gaps materi-
als are favorable to heterojunction; high band gap
values for In(O,OH)S (3,01eV) guarantee that sun
radiation on visible range will not be absorbed on
the buffer layer but it will be absorbed on AgInS,
(greater than 10* cm™); this system present typical
characteristics to be used in single-junction solar
cells and as top cell in a tandem solar cell system.
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Figure 5. Optical transmission spectra of as-grown
AglInS, thin films (Tpm thickness), and as-grown

In(O,0H)S (100nm thickness)

Source: The authors
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Figure 6. Plot of (ahv)’ vs hv for: (a) as-grown AglnS,
and (b) as-grown In(O,0OH)S

Source: The authors

Table 2. Grain size average and roughness values
derived from images displayed in figure 6

Sample Grain size Roughness
(nm) R, (nm)
AgInS,/ INO,0H)S,. 50 2,1
AgInS,/ InN(O,0H)S, 80 2,8

Source: The authors
Morphological characterization

Figure 7 shows AFM images of In(O,OH)S thin
films deposited by CBD over AgInS, layer. The
AglnS, -substrate AFM image shows columnar crys-
tals, typical for AgInS, (Tum thickness) with tetrag-
onal structure; it also shows the effect of In(O,OH)
S morphology on thin film thickness; it is clearly
seen from AFM images that grain size of In(O,OH)
S particles are smaller than grain size of AgInS,
particles (240 nm).

After 15 minutes buffer deposition has started,
grain particles of different sizes are distributed ran-
domly throughout the substrate without any crack
(figure 7); along, In(O,0OH)S thin films grain size
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and R roughness increases significantly when
the film thickness increases (table 2). At the initial
stage of deposition, many nucleation centers are
present on the substrate, and small crystallites are
produced; for short time deposition intervals, films
with small crystallites are not able to grow into

In(O,0H)S15min/AgINS;

bigger ones, whereas for thicker films the crystal-
linity of the film crystallites grew bigger. It can also
be seen in figure 7 that after 30 minutes of CBD
process is possible to cover completely and uni-
formly the AgInS, surface. It is a very important re-
quirement for thin films as buffer layer.

In(O,0H)S13min/AgINS;

Figure 7. Atomic force micrographs of In(O,OH)S thin
films deposited on AglnS, with different deposition
times.

Source: The authors.
CONCLUSIONS

By using a system composed of In(O,OH)S/AgInS,
(buffer/absorbent), it was found that In(O,OH)S
buffer layers growth on AgInS, substrates were uni-
form, adherent and specular. It also presented good
macroscopic properties. Furthermore, kinetic stud-
ies on deposition of In(O,OH)S over AgInS, indi-
cated a growth rate variation on the substrate type
used. Nucleation process model indicates a signifi-
cant faster process on AgInS, than ITO substrates,
explained by the differences in composition and
topography of the surface substrates. XRD analy-
sis showed that buffer layer films deposited on ITO
and CGS exhibited polycrystalline structure with
a possible mixture of In,S, and In(OOH) phases;
additionally, it was found that AgInS, has grown
with tetragonal structure at plane (112) as pref-
erential plane. Optical, structural and morpho-
logical characterization of the system indicate that
In(O,0OH)S/AgInS, layers obtained can be used in
single-junction and multiple-junction solar cells.
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ABSTRACT

Sensitivity analysis of a power system against over-
voltage was performed. The analysis took into ac-
count the origin of the overvoltage, the grounding
resistance magnitude and overvoltage injection
point. The IEEE 13 bus test feeder system was imple-
mented in EMTP-ATP and lightning and switching
overvoltages were applied. Three cases were eva-
luated: the first one, applying lightning overvolta-
ge and varying the grounding resistance magnitude;
the second, applying lightning overvoltage in diffe-
rent points of the system with a fixed grounding re-
sistance magnitude; and finally, applying switching
overvoltage and varying the grounding resistance
magnitude.

Keywords: EMTP-ATP, Ground Resistance, Power
Quality, Transformer Model, Transient Overvoltage.
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RESUMEN

Se realizé un analisis de sensibilidad en un sistema
de potencia frente a sobretensiones. El analisis tuvo
en cuenta el origen de la sobretensién, la magnitud
de resistencia de puesta a tierra y el punto de in-
yeccién de sobretension. El sistema IEEE 13 nodos
se implementd en EMTP ATP y se introdujeron so-
bretensiones tipo rayo y maniobra. Se evaluaron tres
casos, el primero, aplicando una sobretensién tipo
rayo y variando la magnitud de resistencia de pues-
ta a tierra; el segundo, aplicando sobretensiones
tipo rayo en diferentes puntos del sistema con una
magnitud de resistencia de puesta tierra fija y, por
dltimo, aplicando sobretensiones tipo maniobra va-
riando la magnitud de resistencia de puesta a tierra.
Palabras clave: EMTP-ATP, resistencia de tierra, ca-
lidad de potencia, modelo del transformador, sobre-
tensiones transitorias.
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INTRODUCTION

Low voltage feeders may be affected by surges,
giving rise to phenomena such as short interrup-
tions and voltage sags (Cooray, 2003). These sur-
ges are generated by direct lightning strikes in low
voltage feeders, induction by indirect discharges
(intra-cloud, cloud-to-cloud, cloud-to-air or cloud-
to-ground) (Pham, Pham & Tran, 2010), and surges
of slow, fast and very fast front, transferred from
medium voltage networks to low voltage networks
(Piantini, 2010; Varju & Ladanty, 2007; Borghetti et
al., 2006; Watson & Arrillaga, 2007).

The probability of direct lightning strikes in
low voltage networks is very low due to the shiel-
ding action of medium voltage networks, trees and
nearby structures. However, the length of rural
and semi-urban low voltage feeders may exceed
1000 m, increasing the lightning strike proba-
bility (Piantini, 2010). Surges in low voltage ne-
tworks transferred from medium voltage feeders
through distribution transformers are mainly cau-
sed by direct and indirect lightning strikes (Pian-
tini, 2010; Bachega & Martinez, 2004). Therefore,
in the system modeling it is necessary to consider
the transformer behavior to these transient signals;
however, the transformer steady state model is not
useful for a lightning overvoltage frequency range
(Das, 2010), (Papadias, Hatziargyriou, & Prousali-
dis, 1993). In this sense, implemented models of
surge transfer from medium voltage feeders to low
voltage feeders include a capacitive network of
the transformer (Scott & Liu, 1992; Costa & Lopez,
2007; Justo de Aradjo, Cleber da Silva & Kuroka-
wa, 2013).

This work is part of the first phase of the pro-
ject called “prototype for recording transient sur-
ges in less than 1 kV feeders”. The project main
goals are: development of a surge recorder pro-
totype applying electromagnetic compatibili-
ty standards, remote information transmission
from prototype to desktop software, and develop-
ment of a mobile application for downloading the

recorded information on site and display the data-
base information.

This paper shows typical surge parameters of
low voltage systems, as peak voltage and rise time,
in order to identify the behavior of surges in sys-
tems lower than 1 kV. This information is also used
for designing the prototype signal conditioning sta-
ge. Simulations for IEEE 13 node test feeder (IEEE
PES Distribution System Analysis Subcommittee’s
Distribution Test Feeder Working Group, 2000-
2010), were done using the Alternative Transient
Program (ATP) (Scott & Liu, 1992) for two condi-
tions. In the first case, normalized waveform volta-
ges 1,2/50 ms were applied in many system points.
In the second case, surges caused by disconnec-
tion of an industrial load were evaluated. Further-
more, the grounding system effect on surge value
was evaluated in all cases.

SYSTEM DESCRIPTION

IEEE 13 node system (IEEE PES Distribution System
Analysis Subcommittee’s Distribution Test Feeder
Working Group, 2000-2010) was used as referen-
ce for characterizing low voltage feeder surges. The
topology of the test system is shown in Figure 1.

e 650
646 645 632 633 634
* » .—% g—o

611 684

692
671
» * \0 »

L
652 680

Figure 1. IEEE 13 node feeder

Source: IEEE PES (2010).
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The ATP implemented system is shown in figu-
re 2. Nodes 650 and 633 were used for simula-
ting the lightning impact, and the distributed loads
were located in nodes 632 and 671. Additiona-
lly, a Heidler source of 4 kV peek voltage was im-
plemented to represent a standard lightning surge
1,2/50 ps. (Martinez, 2008; Morched, Mati & Otte-
vangers, 1993; Costa & L6pez, 2007). Opening of

Industrial load
X1

Node 634

IEEE 13-Bus Test Feeder

Node 680

one phase of an industrial load has a highly induc-
tive characteristic and causes system high power
consumption. Therefore, the opening was used for
slow front surge characterization. The system was
implemented in order to evaluate the sensitivity to
direct impact and switching surges. IEEE 13 node
feeder was modified to analyze overvoltages in
low voltage for ground resistance variation.

Figure 2. IEEE 13 node feeder and charges implemented in ATP

Source: Own work.

Industrial load

An inductive load of high power consumption
(0,25 MVA and power factor of 0,85) was included
in the distribution system. This load is connected
to node 634 through a distribution line whose cha-
racteristics are given in Table 1.

Table 1. Distribution line characteristics

Node Length Resistance Reactance Frequency
(m) (mW) (mW) (Hz)
633 324 119,9 144,5 60

Source: Own work.

Residential load

Four residential loads, each one of 7 kVA and
power factor 0,85 lagging were added. Connec-
tion of IEEE 13 node system to residential loads
was performed through a distribution transformer
located on node 680. Distribution overhead and
underground cables were implemented to repre-
sent the supply connection of loads (Martinez,
2010), (CIGRE Working group 33.02, 1990). Ta-
ble 2 and Table 3 show the transformer and cables
characteristics.
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Table 2. Distribution transformer characteristics

Primary

Power Secondary  Windings
Node  \tvay  Voltage  yiiage (V) connection
kv)
680 0,5 4,16 208 Yn-Yn
Source: Own work.
Table 3. Underground cables characteristics
Node | Length | Resistance | Reactance | Frequency
(m) (mW) (mW) (Hz)
680 100 9,68 107,2 60

Source: Own work.

Transformer model

Right modeling of low voltage feeder components
influences the analysis of surges (Bachega & Mar-
tinez, 2004). The transformer deserves particu-
lar attention because it transfers surges present in
medium voltage networks to low voltage feeders
(Antunes Tavares & Melo e Silva, 2014), (Martinez,
2010). Searching a suitable high frequency model
transformer is considered a complex task because
of the physical phenomena occurring in this device.
Physical Phenomena such as (CIGRE Working group
33.02, 1990), (IEEE standars association, 2011):

e When the transformer is turned on, winding

capacitances charging process starts and cu-

rrent flow begins in the dielectric structure.

e Losses in the transformer core are negligible

because it has a linear behavior. Magnetic flux

penetration into the core is not presented until

1 ps elapsed.

o After 1 ps, the flux begins to penetrate

into the core, the main current path are the

capacitances.

e From 1 ps to 10 ps, the transformer core

saturates.

e Completed 10 ps, the inductance coil has a

non-linear behavior and magnetic flux will be

fully penetrated into the core. In this stage, ca-

pacitive couplings remain its importance.
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e After 10 ps, the behavior of transformer is
considered stable. Losses come from cables,
core, dielectric and housing. Skin effect is con-
sidered in this section.

Transformer parameters importance depends
on the analyzed process. Table 4 shows the trans-
former parameters influence in a power system
transient analysis. The classification proposed in
Martinez (2008) is: | unimportant, Il important, and
[l very important.

Table 4. Transformer parameters importance based on
fast transient

Parameter/ Low Slow Fast \f/::z,

Effect Frequency  front front front
i:g: et I i I |
Saturation 1 Il | I
Iron losses 1l | | I

Eddy currents m Il I I

Capacitive
coupling

Source: (Martinez, 2008).

CIGRE Working Group 33-02 has elaborated a
document (CIGRE Working group 33.02, 1990) for
specifying the power system elements represen-
tation according to the frequency ranges in whi-
ch the system behavior will be evaluated. Table 5
shows this information.

Table 5. System representation according to working

frequency
Group Frequency Designation | Representation
Range
| 0,1 Hz-3 | Low frequency Permanent
kHz oscillations surges
I 50 Hz - 20 Slow wave Switching
kHz front surges
1 10 kHz -3 Fast wave Lightning
MHz front surges




Transient surges analysis in low voltage networks

Andrés Alfonso Rodriguez, Luis Eduardo Perdomo Orjuela, Francisco Santamarfa Piedrahita, Carlos Antonio Gémez Vargas

Switching
v 100 kHz — | Very fast wave | surges in Gas
50 MHz front Insulated Subs-

tations

Source: (CIGRE Working Group 33.02, 1990).

Table 5 shows the transformer modeling in-
formation respect to frequency range (Martinez,
2008).

Table 6. Transformer model according to working
frequency

METHODOLOGY

This section describes the scenarios proposed to
evaluate the system sensitivity against surges cau-
sed by direct lightning strike impacts and system
switching. Direct lightning strike has a 1,2/50 ps
standard waveform with an amplitude of 4 kV, and
90% of occurrence probability (Borghetti, Napoli-
tano, Nucci, Paolone, & Morched, 2006).

Model

Description

Group 1: 0,1 Hz - 3 kH

z

Takes into account saturation effects and iron and copper losses. Single-phase and
three-phase cores can be identified.

Group II: 50 Hz - 20 kHz
Takes into account saturation effects and iron and copper losses. Single-phase and
three-phase cores can be identified.

Group IlI: 10 kHz — 3 MHz
Capacitive coupling between windings. Short circuit impedance must be included.

ces.

Group 1V: 100 kHz — 50 MHz
Capacitive coupling between windings. It is necessary to know the windings impedan-

Source: (Martinez, 2008).

Grounding resistance

Grounding impedance has been included in order
to evaluate its impact on surge in the low voltage
system; it allows also to record surges in the neu-
tral line. For simulation, a resistive model of groun-
ding impedance was implemented, following
electromagnetic compatibility design criteria, whi-
ch allow neglect inductive coupling. High and
medium voltage grounding resistance values are 1
and 10 Q respectively (Ministerio de Minas y Ener-
gia, Republica de Colombia, 2008). Low voltage
resistances are in the range of 1 to 100 Q.

Case 1: direct lightning strike and low voltage
grounding resistance variation: A lightning surge
wave was injected in phase A of node 650. Groun-
ding resistance was varied between 1 and 100
Q, with 10 Q steps. For residential and industrial
loads, surges were measured in phases and neutral
of the system.

Case 2: fixed low voltage grounding resistance
and variable lightning strike point: A 25 Q ground
resistance was fixed (Ministerio de Minas y Ener-
gia, Republica de Colombia, 2008). A lightning
surge wave was injected in phase A of nodes 650,
633 and in the distributed line in nodes 632 and
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671. Surges were measured in phases and neutral
of the system for residential and industrial loads.

Case 3: Switching phase A of industrial load.
Low voltage grounding resistance kept constant
and simultaneous measurement at different points
of the system: The magnitude of low voltage ground
resistance is 25 Q. Phase A of industrial load was
opened, which caused a switching surge. Surges
were measured in phases and neutral of the system
for residential and industrial loads.

RESULTS

Results of ATP simulations for the described study
cases are presented below. The results are in p.u.,
line voltages base values are 480 V and 208 V for
industrial and residential loads, respectively.

Case 1: direct lightning strike and low
voltage grounding resistance variation

Figure 3 and figure 4 show the magnitude of the
surge registered respectively in residential and in-
dustrial load, in all phases and neutral. Phase volta-
ge is measured with respect to neutral and neutral
with respect to ground. Phase A results in Figure
3 suggest the need of a protection device for con-
nected electronics and electric machines to avoid
the progressive damage of components (Chowdhu-
ri, 1996; Indulkar, Thomas & Bijwe, 1992). Figure
4 shows that for a grounding resistance larger than
15 Q, an electronic device or an electric machine
would be subject to voltages higher than 4 kV. The-
se levels cause electromagnetic susceptibility pro-
blems (IEEE Std 1159 Recommended practice for
monitoring electric and power quality, 2009), (IEEE
Std 446 Recommended practice for emergency
and standby power systems for industrial and com-
mercial applications, 1995), (Herrera, Perez, & To-
rres, 2003), (Escamilla, Gomez, & Tejada, 2009),
(Gémez, 2013).

Phase A
i T T —— L I T T 1
£ 142 —
)
8 14 —
S s L | | | | | | | L
1 10 20 30 40 50 60 70 80 90 100
Grounding resistence (Q)
Phase B
3 4 T T T T T T \
8
8 96 =
S
S s I | | I | | | \ \
1 10 20 30 40 50 60 70 80 %0 100

Grounding resistence (Q)

Phase C
3 % T T T T T T \ I
£ 55 —
s —\
8 26— —
o
S e | | | | | | | | |
1 10 20 30 40 50 60 70 80 920 100
Grounding resistence (Q)
Neutral
i T T T
s
g, 01— —
S
S, ! f T | | | | | |
1 10 20 30 40 50 60 70 80 920 100

Grounding resistence (Q)

Figure 3. Phase surges relative to ground resistance for residential loads

Source: Own work.

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Vol. 18 - Special Edition Doctorate ® December 2014 ¢ pp. 41-50

[46]



Transient surges analysis in low voltage networks

Andrés Alfonso Rodriguez, Luis Eduardo Perdomo Orjuela, Francisco Santamarfa Piedrahita, Carlos Antonio Gémez Vargas

Phase A
- 116 = I
i / f T f
£ 115 =
s \
s 14— —
S s | | | | | | | | |
1 10 20 30 40 50 60 70 80 920 100
Grounding resistence (Q)
Phase B
g® T T T T T T
8
—_—
g 20~ —
S
S | | | | | | | | |
1 10 20 30 40 50 60 70 80 920 100
Grounding resistence (Q)
Phase C
3% T \ T T T | T
g
g 81— \_——_\’———-\_—_\*
S
S & | | | | | | | | |
1 10 20 30 40 50 60 70 80 90 100
Grounding resistence (Q)
Neutral
g% T T T T T T T T
£ 20 —
)
g 10— —
S, | | | | | | | |

-
=
N
S
©
3

40

Figure 4. Phase surges relative to ground resistance for
industrial loads

Source: Own work.

Case 2: fixed low voltage grounding
resistance and variable lightning strike point

Figure 5 and Figure 6 show the surges at 90% of
the peak value, recorded in residential load phases
and industrial load phases, respectively, with res-
pect to neutral and neutral with respect to ground,
for different lightning strike injection points.

£

Voltage (p.u.)

Node 650 Node 633

Impact node

Distributed load

Figure 5. Surges in each residential load phase, with
respect to neutral and neutral with respect to ground

Source: Own work.

50 60 70 80 2
Grounding resistence (Q)

Wl Phase A
Il Phase B
[Phase C

500 [ INeutral

Voltage (p.u.)

100

Node 650

Node 633
Impact node

Distributed load

Figure 6. Surges in each industrial load phase, with
respect to neutral and neutral with respect to ground

Source: Own work.

Surges produced by disturbances in several
points of the system, and recorded in the residen-
tial load, confirm that for grounding resistance
lower than 25 Q, the grounding potential level can
be tolerated by electronic devices (Ministerio de
Minas y Energia, Republica de Colombia, 2008).

Surge recorded in phase A when a lightning
transient occurs in node 633 reaches levels up to
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four times the ones recorded in other nodes of in-
dustrial load. This is due to the low impedance
between the impact point and the register point,
together with the non-transposed lines, as shown
in figure 6.

Case 3: Opening phase A of industrial load.
Low voltage grounding resistance kept
constant and simultaneous measurement at
different points of the system

Table 7 and Table 8 show the magnitudes at 90%
of peak value and rise time of surge between each
phase and neutral measured in the residential and
industrial load, when a surge is generated by phase
A opening of industrial load.

Table 7. Switching surges in industrial load

Magnitude at

Surge Register Rise-time (ps)

changes. Furthermore, induced surges in the other
circuit phases are exponentially attenuated with
respect to the network characteristic impedance.
Table 7 and table 8 show the surge values in phase
B (371,3 p.u. and 1,3 p.u., respectively).
Colombian standard for internal surge protec-
tion systems (NTC 4552 Proteccion contra rayos,
2004), shows the impulse voltage values that de-
vices must withstand according to their operation
levels. For Colombian power system at residential
low voltage, the impulse values would be equal to
or less than 2,5 kV. This value was exceeded in the
first two simulation cases; therefore, surge protec-
tion devices are required. Proper design of protec-
tion devices as diodes, thyristors, surge protectors,
etc., must follow appropriate selection criteria. For
protection of electronic devices at residential load,
three diodes with different characteristics were se-
lected. Type | is an avalanche diode, type IIA and
[IB are non-avalanche diodes, as shown in table 9

90% (p.u)
howdhuri, 1 .
Phase A — Neutral 3243,22 0,98 (C , 1996)
Phase B — Neutral 371,30 2,99 o ) )
Table 9. Susceptibility data for transient voltages in
Phase C — Neutral 373,80 2,86 ) )
three types of high power diodes
Neutral — Ground 25,90 0,90
SOurCe: OWn WOrk. Diode type I "A 1B
Table 8. Switching surges in residential load Peak Reverse
8 8 Voltage PRV (V) 1200 800 1200
Magnitude at Transient PRV (V) - 1250 1500
Regi Rise-ti
Surge Register 90% (p.u) ise-time (is) Direct current (A) 250 250 250
Ph A-N | 1 29,1 -
ase A - Neutra >3 9,18 dReverse freak 2350/2500 1620/1200 1950/1650
Phase B — Neutral 1,30 29,22 own voltage (V)
Phase C — Neutral 0,023 19,14 Source: (Chowdhuri, 1996).
Neutral — Ground 0,027 41,33

Source: Own work.

Slow front surges produced by switching the
phase A, depends on time when the switch opens
and the arc dynamic behavior at the same time (In-
dulkar, Thomas, & Bijwe, 1992). According to ta-
ble 7, in the industrial load the surge magnitude
in phase A is ten times higher than the recorded in
phases B and C. This is due to the inductive load
rises the voltage level in response to abrupt current

CONCLUSIONS

Surge magnitude depends on distance to impact
point, regardless if load is industrial or residential,
at shorter distances, greater magnitudes.

Design values of grounding resistance for resi-
dential loads must be less than 25 Q, in agreement
with Colombian regulation standards. Surge regis-
tered in neutral line presents a linear behavior with
respect to grounding resistance value. This linear

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Vol. 18 - Special Edition Doctorate ® December 2014 ¢ pp. 41-50

[48]



Transient surges analysis in low voltage networks

Andrés Alfonso Rodriguez, Luis Eduardo Perdomo Orjuela, Francisco Santamarfa Piedrahita, Carlos Antonio Gémez Vargas

behavior enables a proportionality constant to
predict the surge level at neutral. However, in the
phases the behavior is not predictable, making im-
possible to use a proportionality constant.

Signals recorded from ATP simulations show
the importance of measuring and characterizing
the overvoltages in low voltage systems, in order to
determine the origin of these surges and possible
strategies to reduce their negative effects. Accor-
ding to the registered magnitudes, it is necessary to
calculate and implement protective devices desig-
ned to protect the life of sensitive equipment insta-
lled in the low voltage system.
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ABSTRACT

The analysis of non-audible signals has gained a sig-
nificant importance due to their many fields of ap-
plication, among them, speech synthesis for people
with speech disabilities. This analysis can be used
to acquire information from the vocal apparatus
without the need of speaking in order to produce
a phonetic expression. The analysis of a Wavelet
transformation of Spanish words recorded through a
non-audible murmur microphone in order to achie-
ve an embedded silent speech recognition system
of Spanish language is proposed. A non-audible
murmur microphone is used as sensor of non-vocal
speech. Coding of the input data is done through a
Wavelet transform using a fourth-order Daubechies
function. The acquisition, processing and transmis-
sion system is applied through a STM32F4-Disco-
very evaluation board. The used vocabulary consists
of command words aimed to control mobile robots

k%

or human-machine interfaces. The Wavelet trans-
formation of four Spanish words, each of them
having five independent samples, was accom-
plished. An analysis of the resulting data was
performed, and features as average, peaks and
frequency were distinguished. The processing of
the signals is performed successfully and further
work in speech activity detection and features
classifiers is proposed.

Keywords: Communication Aids for Disa-
bled, Esophageal, Phonetics, Speech, Wavelet
Analysis.

RESUMEN

El analisis de sefales no audibles ha ganado una
importancia significativa debido a la gran canti-
dad de aplicaciones que estas tienen, como la
sintesis de voz para personas con discapacidad
del habla. Este andlisis puede ser usarse para
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adquirir informacion del aparato fonador sin la ne-
cesidad del habla, para asi producir una expresion
fonética. Para esto se propone el andlisis de la trans-
formada de ondicula de palabras del espafiol a tra-
vés de un micréfono de murmuro no audible para
el desarrollo de un sistema embebido de reconoci-
miento del habla silenciosa. Se usa un micréfono de
murmuro no audible como sensor del habla no vo-
cal. La codificacion de los datos de entrada se reali-
za a través de una transformada de ondicula usando
una funcién Daubechies de cuarto orden. El siste-
ma de adquisicién, procesamiento y transmision
se realiza a través de una tarjeta de evaluacién ST-
M32F4-Discovery. El vocabulario utilizado consistia

de palabras de mando orientadas al control de ro-
bots moviles o de interfaces hombre-maquina. Se
desarroll6 exitosamente la transformada de ondicu-
la de cuatro palabras del espanol, cada una con cin-
co muestras independientes. Se realiz6 un analisis
de los datos obtenidos, y se discutieron caracteristi-
cas como el promedio, los picos y la frecuencia. El
procesamiento de las sefales se ejecuté de manera
exitosa y se proponen futuros trabajos en la detec-
cion de la actividad del habla y clasificadores de
caracteristicas.

Palabras clave: andlisis de ondiculas, equipos de
comunicacién para personas con discapacidad,
fonética, habla, voz esofdgica.

INTRODUCTION

Research and development of automatic silent
speech recognition systems had raised several ap-
proaches over the years. Along with electromyo-
graphy (EMG), the Non-audible murmur (NAM)
microphone is one of the more promising (Tomoki
et al., 2009). This is due to its robustness against
external noise, ease of using, low cost and non-in-
vasive nature. It can be used to detect low am-
plitude sounds produced by air flow through the
larynx, this way being a useful tool in speech syn-
thesis that requires low or null sound made. In or-
der to elaborate a silent speech recognition system,
a way to code and analyze the acquired signals is
required. A multi-resolution analysis through the
Wavelet transform is proposed because of its fea-
ture characterization properties, easy implemen-
tation and wide use in this kind of applications.
This study’s goal is to embed the system in an elec-
tronic device, that's why acquisition, processing
and transmission were performed in a ST evalua-
tion board. This work describes previous work in
this matter, the technology and techniques utilized
while development and the results obtained when
implemented.

A NAM microphone is a high sensitivity micro-
phone which is adhered to the human skin and
acts as a stethoscope. This is encapsulated by a soft
silicone material, allowing the improvement of the
impedance between the microphone’s diaphragm
and the skin, and avoiding the noise caused by
clothes or other objects (Denby et al., 2010). The
unit sensor is an electret capacitor without metal-
lic cover to allow direct contact between the dia-
phragm and the silicone. Studies with this kind of
microphone showed the proper placement of it
was on the side of neck because this way it could
capture vibrations from resonance caused by the
vocal tract when the air flowed (Babani, Tomoki,
Hiroshi & Kiyohiro, 2011).

The discrete Wavelet transform is a fast, linear
operation that operates on a data vector whose
length is an integer power of two, transforming
it into a numerically different vector of the same
length (Abair & Alimbayev, 2014). A diagram of
this process can be seen in figure 1. The Wave-
let transform is invertible and orthogonal. In the
Wavelet domain, the basic functions have the
names “mother functions” and “wavelets”. Indi-
vidual Wavelet functions are localized in space
and simultaneously, localized in frequency or
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characteristic scale. Wavelets are defined by the
Wavelet function y(t) (i.e. the mother Wavelet) and
scaling function ¢(t) (also called father Wavelet) in
the time domain. Each of these functions is speci-
fied by a particular set of numbers, called Wavelet
filter coefficients. The scaling function acts like a
low pass filter which gets the «smooth» informa-
tion, and the Wavelet function acts as a high pass
filter which gets the «detail» information. A dis-
crete Wavelet transform is defined in equation (1)
(Xinyi, Gengyin, Ming, & K.I., 2011).

S = fmlp’(t)s(t)dt, (1)

Wherey(t) is the Wavelet function and s(t) a real
signal. And where \y’ denotes the complex conju-
gate of V.

A popular mother function, the Daubechies
Wavelet function, is defined in equation (2).

vO = ) p2gee-n, 7

k=—0o0

Where ¢ (1) is the scaling function which is de-
fined in equation (3) and Bis the Wavelet sequence.

co

6O = ) aVIpe—k),

k=—o00

3)

Where g is the scaling sequence. Then, the dis-
crete Wavelet transform consists of applying the
Wavelet and scaling functions, first to the full data
vector of length N, then to the “smooth” vector of
length N/2, then to the “smooth-smooth” vector
of length N/4, and so on until only a trivial num-
ber of “smooth-. . .-smooth” components (usually
two) remain (Abair & Alimbayev, 2014). The output
of the transformation consists of these remaining
components and all the “detail” components that
were accumulated along the way.

H » D1 L: Low Pass Filter
H: High Pass Filter
Signal H
» D2
L
» Al
H
» D3
L
> A2
L
> A3

Figure 1. Wavelet transform process

Source: Own work.

A real-time operating system (RTOS) was imple-
mented within the evaluation board. A RTOS is re-
sponsible for managing the hardware resources of
the tasks running in the system with very precise
timing and a high degree of reliability (Instruments,
2013). The RTOS kernel supplies four main types
of basic services to application software: Inter Pro-
cess communication (IPC) and synchronization,
time management, dynamic memory allocation
and task management (Laplante & Ovaska, 2011).
It must have a known maximum time for each of
the critical operations that it performs, engaging for
this matter OS calls and interrupt handling. Each
task is set with a specific priority, that way defin-
ing when each task will take place. This allows the
development to be timing controlled, extensible,
modular and easier to control interrupts and per-
ipherals (FreeRTOS, 2013).

The remaining of this paper goes as follows.
Some previous work regarding wavelets applica-
tions is presented in section two. The methodology
followed is described in section three. The results
are presented in section four, and lastly the conclu-
sions in section five.
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Previous work

Research regarding Wavelet analysis of signals is
numerous. This technology has found a constant
presence in diverse studies in the later years. Ap-
plications can be found in medicine, image pro-
cessing, signal filtering, speech synthesis and
classification, among others. It is a very useful te-
chnique that is permanently growing and finding
more fields to perform. Some related research is as
follows.

Some applications in the medical field are related
to heart diseases. In 2007 (de Vos & Blanckenberg,
2007), aimed to discriminate between pathological
and non-pathological heart sounds in child, through
an automated artificial neural network as well as a
direct ratio and a Wavelet analysis technique ap-
plied in electronic auscultation signals. Their ob-
jective was to help non-specialist physicians to
evaluate heart murmurs with higher confidence.
They used Wavelet analysis to reduce noise in input
data, which was heart sound and electrocardiogram
signals. This was done through a Daubechies Wave-
let of order five (db5) with a decomposition level of
eight. Wavelets were also used to analyze certain
characteristics of the input data, where direct sys-
tolic energy values were taken to serve as an indica-
tor. The fourth-order Daubechies Wavelet (db4) was
used for this purpose.

Three years later, Choi, Shin et al. (Samijin,
Youngkyun & Hun - Kuk, 2011) used a Wavelet
package in which four features were analyzed:
maximum peak frequency (MPF), the position
index of Wavelet packet coefficient corresponding
to MPF, and the STnS2 to murmur ratios of energy
and entropy. S1nS2 are heart sounds that are al-
ways audible and appear at very high amplitudes
in normal subjects. And their objective was to
identify aortic insufficiency and insufficiency mur-
murs (IM) using the resulting Wavelet decompos-
ition. The input data for the experiment was a data
set of normal and IM sounds, and recorded sounds
using a wireless electric stethoscope from healthy
subjects and heart disease patients. Their results

suggested their novel IM identification method was
applicable to clinical environments.

Another study regarding cardiac diseases was
presented by Verma, Cabrera, Mayorga, & Nazeran
(2013), where a robust algorithm was developed
to derive heart rate variability from electrocardio-
gram or photoplethysmographic signals, in order
to ease its digital spectral analysis which provides
quantitative markers of the autonomic nervous sys-
tem. An undecimated Discrete Wavelet Transform
Daubechies-6 family of filters was used to select-
ively remove some of the high-frequency sub-
bands from the signals. Wavelet transform was also
used by Suresh & Balasubramanyam (2013) as a
feature extractor of raw electroencephalography
(EEG) data where transient features were accur-
ately captured and localized in both time and fre-
quency context. The mother Wavelet chosen was
the fourth-order Daubechies. The objective was
to detect peaks, which are related to head injuries
and epilepsy. This was successfully achieved using
neural networks based on Wavelet transform as a
preprocessor.

Wavelet properties also allowed it to be used
in the implementation of human interfaces. The
following are some examples Satiyan, Hariharan,
& Nagarajan (2010) investigated the performance
of a Daubechies Wavelet family in recognizing fa-
cial expressions. The input data were 2D coordi-
nates recorded from the movements of luminance
stickers on the face while performing facial expres-
sions. The Wavelet was applied with different or-
ders, from db1 to db20. The standard deviation of
the resulting approximation coefficients was used
as input of a neural network to classify over eight
facial expressions. The average maximum recog-
nition rate of facial expression was 97% for the
Daubechies Wavelet order one.

A research work regarding a silent speech in-
terface also took advantage of wavelets features
(Torres, Reyes & Villasefior, 2012). Their intention
was to interpret electroencephalography (EEG)
signals associated with actions to imagine the
pronunciation of words that belong to a reduced
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vocabulary without moving the articulatory mus-
cles and without uttering any audible sound. The
recorded vocabulary reflects movements to con-
trol the cursor on a computer, and the discrete
Wavelet transform was used to extract features
from the delimited windows. The subsets were
used to train classifiers. They obtained evidence
to affirm that EEG signals carry useful information
to allow the classification of unspoken words.

It can be seen from some research works using
wavelets that this technique is very useful for the
processing of biological signals for its denoising,
processing and classification, and that Daubechies
Wavelet is vastly used for its easy implementation
and suitable features for signal analysis.

METHODOLOGY

The method to apply a Wavelet transform on sig-
nals acquired by a NAM microphone can be divi-
ded in three stages. The first stage consists of the
analog-digital conversion (ADC) of the signals co-
ming from the sensor. The second stage consists of
applying the Wavelet transform and transmitting its
output to a PC through USB. And the third stage
consists of receiving the USB data and store it for
further analysis. The STM32F4-Discovery evalua-
tion board (from this point onward, the “Discovery
board”) was used as the input data collector and
data transmitter; it was also in charge of applying
the Wavelet transform. A C# graphic user interface
was designed for data reception and storing. The
sensor used to acquire the murmur signals was a
Non-Audible Murmur microphone.

One male subject Spanish speaker participat-
ed in the experiment. He was informed about the
microphone’s operation, the way of utterance and
the vocabulary used in the test. The NAM micro-
phone was placed below the ear, against the side
of the neck. The vocabulary recorded consisted of
four Spanish words: “adelante”, “atras», «derecha»

’
and «izquierda», which translate forward,

backwards, right and left, respectively. These words
were chosen due to the intention of using this silent
speech interface for mobile robots control. Five re-
cordings of each word were acquired, each record-
ing lasting approximately five seconds. In order to
select the data range in which the transformation
would be applied, the data recorded was directly
stored in a computer. The period of the ADC was
1.5 milliseconds, which means the conversion was
performed at a 666 Hz rate. This resulted in a 3300
data size approximately for each recording, from
which 1024 data with valuable information was
manually identified and extracted in order to be
processed subsequently. A Wavelet transform was
applied over each data sample; this was performed
by the Discovery board, which transmitted the out-
put back to the PC through USB.

The Discovery board consists of a 32-bit ARM
Cortex-M4F core microcontroller, with 1 MB Flash
and 192 KB RAM, along with some functions,
among them the ADC and USB modules. Keil’s
MDK-ARM software development environment
was used for the Discovery board programming. A
Real-time operating system was implemented with-
in the board for task managing, the chosen RTOS
was FreeRTOS due to its professional develop-
ment, strictly quality control, robustness, support,
and free to use (FreeRTOS, 2013). Three tasks were
implemented: the USB task, the ADC task and the
Wavelet transform task; along with peripherals and
interrupts configuration. The USB task was set with
a higher priority level than the other tasks, since it
was imperative to send and receive data when it
was available. Two queues were created to han-
dle data shared between tasks, a queue to allocate
the input data acquired from the analog to digital
conversion or from the received USB buffer, and
another to allocate the output of the Wavelet trans-
form to the transmission function. ADC and USB
interrupts were also employed.
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NAM Microphone
Vee
10kOhm o Gnd
ADC1
.7L STM32F4Discovery

Figure 2. Electric circuit

Source: Own work.

The ADC task was performed continuously; it
had a 12-bit resolution, sampled the input voltage
for 480 Cycles and had an end of conversion inter-
rupt which was set in order to store the measured
value. The USB module was configured with the
communication device class (CDC) at full speed,
as well as the related interrupt for reception. The
system’s configuration can be seen in Figure 2, the
microphone was connected in series circuit to a
10k resistor, having 3V as voltage source. The dis-
covery board was powered through USB.

A Wavelet transformation was chosen as the
signal coding method because of its property to of-
fer simultaneous time and frequency analysis, its
ability to decompose a signal in fine details (Abair
& Alimbayev, 2014), and due to previous success-
ful approaches in signal and speech analysis and
characterization. The mother Wavelet used in this
process was the Daubechies orthogonal Wavelet
of four coefficients (daub4), this specific function
allowed a fast implementation and proper fea-
ture extraction (MAdishetty, MAdanayake, & Cin-
tra, 2013). The action done on the input vector is
to perform two related convolutions, one with c0,
..., €3 (scaling coefficients) which act as a smooth-
ing filter and the other with c3,-c2, c1,-c0 (Wave-
let coefficients) which gives detail information,
then to decimate each of them by half, and inter-
leave the remaining halves. And then applying the

procedure to the resulting “smooth” vectors, and
so on, until only two values are reached.

The daub4 coefficients are shown in equation
(4).

C,=0,48296291 (,=0,83651630
C,=0,22414386 (,=-0,12940952 (4)

The Wavelet task was constantly waiting for
the queue to fill with an input float 1024 length
vector; hence this procedure was only performed
when the data was ready to be processed. The out-
put was then assigned into the transmission queue,
in a string format; this way saving memory space
and easing the sending protocol. Due to the space
required to use a float array of 1024 length, allo-
cation and clear memory functions were actively
used. This way stack overflow and memory alloca-
tion failures were avoided.

The following is the logic sequence of the pro-
gram: The ADC task starts performing the conver-
sion and when it finishes getting all the converted
values occurred during a certain amount of time,
it assigns the generated array into the ADC queue,
and goes to ready state allowing the next task to
run. The next task, being the Wavelet task, was
indefinitely blocked waiting for the queue to get
filled, and when it is ready to run it takes the input
string a converts it to a float data type, in order
to prepare the data for its processing. The Wavelet
transform is performed on the data, and an array of
same size is the result. This is then allocated in the
transmission queue, which the USB task was wait-
ing to get filled, for it to get unblocked and run-
ning. This happens immediately since the USB task
has a higher priority than the other tasks, hence it
blocks the Wavelet task. Just as it finishes sending
the data to the PC, the Wavelet task completes its
operation and then yields, allowing the process to
start over again. A schematic of the whole process
is showed in Figure 3.

The tasks were designed to be used in such a
way the non-audible murmur processing could be
performed solely by the Discovery board, without
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needing any assistance of external devices. Al-
though, this approach is not yet implemented since
it is necessary to design a trigger for speech activity
detection. Instead, the range in which the speech
information took place was manually selected, al-
ways obeying the required input data length, and
later passed to the Discovery board.

Tasks priorities
0 Idle
1 ADC, Wavelet
2 USB

Queue

ADC->RUN
WAV, USB->BLOCKED

ADC->READY
WAV->RUN
USB->BLOCKED

ADC->READY
WAV-> READY
USB->RUN

ADC->READY
WAV-> RUN
USB->BLOCKED

ADC->RUN
WAV, USB->BLOCKED

Figure 3. Tasks operation

Source: Own work.

RESULTS

Each set of words was successfully processed, re-
sulting in a dataset of five transformations per
word. Since some of the words used in the expe-
riment have the same number of syllables, input
data from those can get to seem similar, as one
can see in Figure 4 comparing “lzquierda” to “De-
recha”. Dissimilarity can be achieved by coding
the signals through the Wavelet transform and
analyzing certain features (e.g. standard deviation,
average) of the output values, in order to discrimi-
nate among the vocabulary. Another feature to take
into account is the amount of silent time, which
in this case happens before and after the recorded
data. This time exists because the recording lasted
the same period for all the words, causing the shor-
ter words to have longer silent intervals, and the
longer words the opposite. In this case the word
“Atras» is the shorter word; consequently, it also
presents the longer silent period. This experimen-
t's specific circumstance also affects the transform
output, and may cause issues in further intentions
to classify the words. This is why it is mandatory to

start recording as long as the utterance begins, that
way registering only the useful information and ad-
ditionally saving resources of the system.

“Adelante" "Atras"
1400 0O 10
1200 00 1200
1om o0 10w
1o
“oa ’wo
o a 00
w0 200
oo °

o 0 40 0 w0 w0 2w ° 00 w0 0 0 0 10

Tome () Time (m)

"lzquierda™ "Derecha”
1e0.00 1em00
1200 00 120000
10m00 10m00
o oy
lmm lmm
wa wm
200 20000
0o 000

o 0 0 0 w0 W® 0w 6 0 0 o w0 0 uw
Time () Teme (w)

Figure 4. Samples of Input signals

Source: Own work.

The Wavelet transform of the sample input sig-
nals presented in Figure 4 can be seen in figure 5.
All results show evident constant frequency high
peaks; these peaks’ amplitude varied depending
on the word, but have equal recurrence due to the
nature of the mother Wavelet. The words “Adel-
ante” and “Atras» have similar magnitudes for their
higher peak in contrast to the other words; this
could suggest that those peaks depend on the first
syllable of a word.

It can be observed that regardless some input
signals were similar, their outputs present some
substantial differences marks (e.g. amplitude, fre-
quency) that can be exploited in order to find a
proper feature for further classification. For ex-
ample, the words «lzquierda» and «Derecha» have
the same amount of syllables; so they can be differ-
entiated due to the average value of the signal, or
the amount of peaks (high and low) they present.
Some common feature extraction methods are
moving root mean square (Basavaraj & Veerappa,
2009), short time Fourier transform (Junhong &
Ming, 2010), linear predictive coefficients (Pat-
tanaburi, Onshaunjit & Srinonchat, 2012), Zero-
crossing points (Lopez - Larraz, Mozos, Antelis, &

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Vol. 18 - Special Edition Doctorate ® December 2014 © pp. 51-60

[57]



Embedded wavelet analysis of non-audible signals

Andrés Camilo Ussa Caycedo, Olga Lucia Ramos Sandoval, Dario Amaya Hurtado, Jorge Enrique Saby Beltran

Minguez, 2010), among others. This extraction can
also be performed by a combination of the previ-
ously stated techniques.

“Adelante"

1w

Time (om) Tome ()

Figure 5. Output signals

Source: Own work.

Concerning the consistency in the results associ-
ated with a specific word, output signals remained
fairly constant. The words that had the most con-
stant results were “Adelante” and “Atras», the other
two words had variability in their amplitude and
average, not in its frequency. This aftermath can
be related to the conditions in which the test was
developed, a more controlled environment could
lead to better results. Another cause of this is the
not yet implemented speech activity detection,
where manual selection was employed instead;
subjectivity and inconsistency are consequences
of this. Even applying that last component, it must
be also considered the speed in which the words
are pronounced, and the variation it can induce
between same word recordings. If one manages to
identify one word with a certain tone and speed,
that same word may not be identified if the utter-
ance’s volume or duration changes. That is why this
feature of the input data should get confronted and
overcome by applying a time-domain feature ex-
traction technique that deals with this situation.

CONCLUSIONS

A Wavelet analysis on non-audible signals of four
Spanish words captured by a NAM microphone

was made. The objective was to design a system in
which a device could acquire, process and trans-
mit Wavelet processed signals. The signals were
successfully captured and transformed into their
Wavelet counterpart. The acquired signals were
manually selected so only the part with valuable in-
formation could be processed. This could be done
automatically by the device if a speech activity de-
tector was implemented. Studies in this matter will
be done in the future. A standardize method for the
development of the experiment is suggested. This
relates to specify the exact position of the micro-
phone in the neck (same for all subjects), determi-
ne a controlled space to perform it, safe from noise
and disruptions, and establish the process in which
the pronunciation should be done, testing different
tones and duration. All these measures should lead
to better quality tests, avoiding subjectivity and
inconvenient at best. The next step for automatic
speech recognition to be accomplished is to design
a classifier which uses features of the resulted sig-
nals to discriminate and identify Spanish words. In
order to get a better understanding of its operation,
studies with an extended vocabulary and different
mother wavelets will be performed.
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ABSTRACT

This paper raises a proposal starting from the current
state that improves the process of allocation of spec-
tral bands at the decision-making stage in cogniti-
ve radio, decreasing the time that the system takes
to select a channel to transmit data from unlicensed
users, assuming the existence of free spectrum and
estimating the behavior of the secondary user and
primary user.

Keywords: Cognitive radio networks, licensed and
non-licensed users, proposal within conceptual dia-
gram framework, spectral decision-making.

RESUMEN

El articulo plantea una propuesta enmarcada
desde el estado actual, que mejore el proceso de
asignacion de bandas espectrales en la etapa de
toma de decisiones en radio cognitiva, disminu-
yendo el tiempo que le toma al sistema la selec-
cién de un canal para transmitir datos de usuarios
no licenciados, suponiendo la existencia de es-
pectro libre y estimando el comportamiento de
los usuarios primarios y usuarios secundarios.
Palabras clave: propuesta enmarcada en dia-
grama conceptual, usuarios licenciados y no li-
cenciados, redes de radio cognitiva, toma de
decisiones espectrales.
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INTRODUCTION

Multiple studies show that one of the main prob-
lems with the inclusion of new applications in cog-
nitive radio transport structure is associated with
the inefficient distribution of available spectrum
by governmental agencies (Shulka, 2013). That is,
there are some currently licensed regions where
radio space is underutilized (VHF / UHF bands)
(FCC, 2010: Taher, Bachus, Adnek & Roberson,
2011) and other spectral regions (cellular bands)
where a degradation in service quality has oc-
curred. Researchers like Mitola (Mitola & Maguire,
Cognitive radio: making software radios more per-
sonal, 2002) and Akyildys (Akyildiz, Lee, Vuran,
& Mohanty, 2008) have concluded that dynamic
spectrum access (DSA) is a good strategy to ad-
dress the issue of electromagnetic band adminis-
tration. In Mitola, Software radios - survey, critical
evaluation and future directions (1999), the possi-
bility that administration of electromagnetic bands
can be performed dynamically via Cognitive Radio
(CR) is raised.

Therefore, this article is intended to generate
an initial proposal (as a conceptual diagram) and
supported from the current state, that solves the
problem of spectral band assignment (Masonta,
Mzyece, & Ntlatlapa, 2013) at the decision-mak-
ing stage in cognitive radio (CR), since it is one of
the issues that has been dealt with less in the CR
paradigm.

CONTEXTUALIZATION AND RELEVANT
ASPECTS OF THE CURRENT STATE IN CR

In Mitola & Maguire, Cognitive radio: making sof-
tware radios more personal (2002), Mitola argues
that a network based on CR is defined as a com-
plex structure in which devices are able to adapt
to the environment. Within the characteristics of
adaptability, is the capacity to use the spectrum
in an opportunistic way, using their intelligence

and autonomy. In general, a CR should be able to
perform four tasks efficiently: sensing, decision-
making, sharing and spectrum mobility (figure 1).

Sensing, sweeps the frequencies in the area of
interest to identify the blank spaces most likely to
be used in a given space of time, frequency, and
power within a specific geographic region.

The decision identifies with the selection of the
channel or group of channels in accordance with
two factors: 1) the features available in the environ-
ment; 2) the needs requested by the SU to transport
data (Akyildiz, Lee, Vuran, & Mohanty, 2008).

Sharing means properly managing the frequency
bands to maximize their use without disrupting the
PU and other CR users (Mitola & Maguire, Cogni-
tive radio: making software radios more personal,
2002), (Akyildiz, Lee, Vuran, & Mohanty, 2008).

Mobility is the ability of CR to leave a portion of
the frequency spectrum occupied when a PU starts
using it, and also search for another suitable empty
space for communication (Mitola & Maguire, Cog-
nitive radio: making software radios more person-
al, 2002). The CR devices should therefore have
the ability to detect, recognize and adapt to the
specific features offered by the environment.

One of the most important properties of cog-
nitive radio networks (CRNs) is the ability to dy-
namically access the spectrum. However, users of
cognitive radio (CRU) may also be able to recogni-
ze patterns of occupation (Bolivar, 2012), to reduce
energy used in detection, signaling and transmis-
sion. Therefore, CR is also considered as an alter-
native capable of reducing power consumption in
radio communications and has also been selec-
ted as a solution to the so-called shortage of wire-
less spectrum (Mitola & Maguire, Cognitive radio:
making software radios more personal, 2002),
(Goldsmith, Jafar, Maric, & Srinivasa, 2009). Stud-
ying the spectral decision stage involves previously
defining the physical topology of the network to be
worked, which can be distributed (Ad-Hoc), cen-
tralized (infrastructure-based) or hybrid (Figure 1).
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Figure 1. Contextualization of cognitive radio and decision making

Source: The authors.

In an infrastructure-based system, all users with-
in the area of operation manage their decision re-
quests through a central device, as in specification
(IEEE 802.22, 2012), (Wireless Regional Area Net-
work-WRAN), (Wang, Ghosh & Challapali, 2011).

Since the cognitive radio network (CRN) oper-
ates within the licensed users’ coverage region,
it uses DSA techniques to opportunistically ac-
cess the primary network spectrum without caus-
ing harmful interference to the licensed users, as
is also the case of Ad-Hoc. To this end, the SUs
observe the spectrum in the specified bands, then
send them to the base station (BS) which acts as a
broadcasting center (Kolar et al., 2009).

Both the BS and its associated clients can detect
the presence of the PUs using detection techniques
such as that based on energy, or cycle seasonal-
ity among others. In some cases, as in (Akyildiz,
Lo & Balakrishnan, 2011) two physical media are
used, one to observe the behavior of the primary
channel and the other to constantly update the BS.

Once the information is analyzed and there is clar-
ity regarding available channels, the BS will build
the definitive list of bands together with the qual-
ity of service (QoS) available in each case, so that
they can be exploited opportunistically by the SUs.
Once the prior stage of sensing has been defined,
characterization, channel selection and radio re-
configuration are the elements that make up the
spectral decision (Figure 1).

Characterization

Since there is no guarantee as to what spectral
band is available during the transmission of a
SU, it is important to consider how often PUs ap-
pear. Using the learning ability of the CR, the use
of spectrum history is utilized to predict the futu-
re profile of the spectrum (Akyildiz, Lee, Vuran, &
Mohanty, 2008), modeling the activity of PUs and
SUs seeking to avoid generation of collisions. The
concept of characterization within the spectrum
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decision has been addressed in many articles from
the perspective of channel conditions (evaluating
and proposing new strategies to identify and im-
prove aspects related to channel coding, modula-
tion, bandwidth, etc.) and is not addressed here
because within the proposed methodology this va-
riable is assumed to be known.

In the characterization of the primary (Vish-
ram, Lau, Syin, & Ashish, Energy aware spectrum
decision framework for cognitive radio networks,
Electronic System Design (ISED), 2012) it con-
cludes that a significant number of existing ap-
proaches have a very high computational cost,
making their implementation virtually impossible
for nodes whose life is based on battery usage (in
rural areas); this is why in spite of being one of the
most discussed topics by researchers, it remains a
developing research line.

Perhaps one of the critical and less demand-
ing aspects is related to the secondary, where most
papers that address the issue, reduce its study to
a medium access control problem, relegating in
most cases to a backseat the importance that the
study of SUs frequency of occurrence could have
on the licensed band, on improving the decision-
making stages, sharing, and spectral mobility.

Estimated behavior of the PU

Some of the proposals on this topic are in Dera-
khshani & Le-Ngoc (2012), where PU characte-
rization assumes that there is no synchronization
with the SU, causing their dynamic type behavior.
Their behavior is simulated as a two state ON/OFF
continuous random process to reproduce the PU
occupancy periods. As a design and operation cri-
teria of SUs it determines that once the band i is
detected as inactive during the sensing stage, the
chance that it will be busy t seconds later is deno-
ted by n_01'?, and that the probability that the PU
will once again fill the i spectrum since in principle
it has been sensed as idle at the beginning of this
time interval, is defined as the instant mean (equa-
tion (1) that the PU could make a transmission.

1 T-1T i (1)
ai=ﬁ f 7T01(t)dt

While ai is independent of time, it can be con-
sidered as a statistical function of spectrum use,
and given its value there will be a greater or lesser
probability of collision; therefore, to ensure quality
transmission for the PU ai must be of a value sma-
ller than a set level.

Brah, Dayoub, & Vandendorpe (2012) consider
a main network having j valid primary users for j =
1... ) and a bandwidth of B Hz, where its value is
divided into N orthogonal narrowband subcarriers
forn=1,..., N, with each range of frequency BS =
B/N small enough to ensure that the channel fa-
ding is flat. The PU occupies the channel following
an ON/OFF type structure, where the ON period
represents the interval during which the primary
actively uses its channel in a Tc time. Based on this
premise, it is assumed that the PU remains active
(ON state) with an a probability, or inactive (OFF
state) with probability § = 1 - a in a Tc time period.
In the distribution of the underlying spectrum, it is
allowed access to the secondary if the impact on
its output does not substantially degrade the qua-
lity of the signal received from the PUs; this para-
meter is assessed with the restricted probability of
collision in terms of equation (2).

Pr{lin = Qjn} < Mjn (2)

Where |, is the level of interference imposed by
transmission from the secondary to the primary j in
sub-carrier Q. is the maximum level of interferen-
ce, andNjn is the maximum tolerable collision pro-
bability. In fact, the primary user j will experience a
collision in sub-carrier n, if Ijn > Qjn.

Channel holding time (CHT) corresponds to
the mean average expected period that the PUs
may occupy a free slot before being interrupted;
the greater the CHT, the better the quality of ser-
vice (QoS) for the SUs (802.22, 2013), (Masonta,
Mzyece, & Ntlatlapa, 2013). The CHT can be
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determined by the type of secondary services sup-
plied by the CRN or the service provider.

Canberk, B., Akyildiz, & Oktug (2010) exhibit
a Markov model to establish the duration of spec-
trum slot usage. This model is based on the con-
cept of CHT for the PU. Once the downtime is
modeled (TTC), matrix analytical techniques can
analyze and determine the duration of the spaces
available to be accessed by the SUs; however, one
of the main drawbacks of this technique is its com-
plexity (Masonta, Mzyece, & Ntlatlapa, 2013). In
Daoud, Alanyali, & Starobinski (2007), the con-
cept of time-spectrum block (representing the
length of time the SU occupies a portion of vacant
spectrum without causing interference to the PUs)
was introduced, and established how to calculate
it to reduce the probability of network collisions
(Masonta, Mzyece, & Ntlatlapa, 2013).

A statistical approach based on binary time ser-
ies discloses the deterministic and non-determin-
istic behavior of channel use and predicts future
occupancy of the PU (Yarkan & Arslan, 2007). The
complexity of analysis and the amount of storing
data memory reduces it assuming a sequence of
binary states, thus simplifying the spectrum oc-
cupancy (“1” is empty, “0” is used). Of tests con-
ducted, the short range prediction factor is quite
satisfactory for the first two tests; however, in the
third sample, prediction success severely degrades
because the model is not updated, and because of
the non-deterministic data behavior; this problem
could theoretically be solved by increasing its or-
der at the expense of an exponential increase of
parameters to generate the prediction. From a de-
terministic perspective, the estimate is quite robust
for the first four time slots as tested for three dif-
ferent bands in a GSM network, while capturing
with a duration of 17 ms of which 30 observations
per channel were obtained after applying the pre-
diction model in the binary time series. Authors
do not record any computational cost analysis in-
herent in the use of time series and this should be
a study variable to validate the methodology be-
cause it is usually a limiting factor due to the high

computational cost that it entails, in addition to a
high collision probability (Masonta, Mzyece & Nt-
latlapa, 2013).

Estimated behavior of SUs

Most of the available proposals that involve deci-
sion-making focus their work on monitoring the
PUs ignoring the modeling of SUs (Masonta, Mz-
yece, & Ntlatlapa, 2013); it is an important para-
meter for optimal network functioning because
it has a direct impact on the presence or absen-
ce of collisions, and their adequate representation
will result in a better use of the channel when it is
available and there is a significant number of SUs.
Within the few existing contributions in mains-
tream journals there is (Derakhshani & Le-Ngoc,
2012), where a proposal that includes a qualitative
and quantitative analysis to improve the use of free
bands using opportunistic spectrum access metho-
dologies is shown.

Channel selection

After characterizing the users, the next step is to
select and assign the best available spectrum (de-
pending on the network used, which in our case
will be centralized (Figure 1) to be assigned in ac-
cordance with the requirements requested by the
SUs (Masonta, Mzyece, & Ntlatlapa, 2013), using
a reactive or proactive strategy. Two of the existing
state of the art approaches are:

(Barnes, Maharaj, Prediction based channel al-
location performance for cognitive radios, 2014)
(Vishram, Lau, Syin, & Ashish, Energy aware spec-
trum decision framework for cognitive radio net-
works, 2012) In which the problem to be solved
is the ever increasing number of mobile nodes in
CRNs, and therefore of communications in the
electromagnetic spectrum, with the ensuing short-
age of available channels. From this perspective,
the algorithm to optimize the allocation of trans-
mission channels for PUs and SUs becomes neces-
sary, supported by availability and performance.
Proposers use the of Markov hidden model tech-
niques (HMM), which operate in a sequence of
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binary states to detect when PUs and SUs coexist
serially.

The solution consists on a channel switching
simulator for a SU (with centralized infrastruc-
ture) and for testing purposes it has a physical layer
component that includes modulation, error cor-
rection rate, bandwidth, period between frames
and maximum number of future frames. It was
observed that under heavy traffic conditions, the
measurement was consistent with the theoretical
calculation, at increasing L values (length of ob-
servation) and more precisely at L = 400 and with
a number of frequencies equal to 20 (9 = 20) the
yield doubled, halving PU interruptions and thus
minimizing the number of SU switching operations
probably due to limited availability. In light traffic
conditions and for the same L and 9 values, per-
formance fell significantly and PU interruptions

more than doubled since with more availability,
the number of SU switching operations increased.

A decision system in the dynamic and coopera-
tive spectrum is made available to the academic
community to determine the appropriate channel,
using the paradigm of weighted fusion distributed
(WFS) that combines individual decisions to de-
termine the appropriate one using cooperation. It
is compared to conventional fusion mechanisms
such as the AND, OR type rules and GREATER
THAN criteria, comparing the results in variables
such as false alarm percentage and high detection
probability. Network architecture is based on cen-
tralized topology for primary users and distribut-
ed for cognitive nodes. The block diagram arrived
at and implemented in each SU that monitors the
radio space and collects signal-to-noise indicators
is shown in Figure 2 (Berk & Sema, 2012).

SRN 1ocal
From PU channel .
S Local observation
! Decisi weighted
CClSiOfloal|  4istributed  |Final decison
fusion >
From common SRN other (WFS)
control channel . ‘ 2 3
—— > Local observation
2
Decision other

Figure 2. Allocation of frequency bands

Source: Berk & Sema (2012).

In this diagram, the user creates a decision on
spectrum (existence or not of PUs); then each node
broadcasts this local information to the network
through the common control channel (CCC) of the
signal to noise tracking system. Once transmitted,
received and processed, each node runs the WFS
and thus obtains a cooperative decision. Specific-
ally, sub-block 1 is responsible for monitoring en-
abled channels, and collecting local observation
of the CRN.

In 2, a subroutine is shown for transmission of
messages handled by all distributed network users

to communicate with other nodes. Each SU gener-
ates its own messages M_ (i, j), and transmits them
through module 2 using the equation (3).
M;; = (Dy;jSNRy;) 3)

Where D, represents the local decision, and
SNR,; observatlon of the local signal to noise ratio
(SNR) made by the user in the th channel. Addi-
tionally sub-block 2, gathers and forwards all

SNR observations made and D decisions made
by other users to the WFS module In 3 (Figure
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2), all information generated is received and the
cooperative decision is calculated using equation
(4).

SNR ij
X7 i SNR; jadhoc_effect;

w;j = (4)
Where SNRi,j is the observation in DB of the th
network user in theth channel, the total number of
users, adhoct_ef fect, is a coefficient of the th user
of the localized network in relation to the corres-
ponding user in the ad-hoc network topology.

DISCUSSION

From scientific literature consulted, it has been ob-
served that research has focused on spectrum sen-
sing and mobility; at the decision-making stage in
most cases they only propose qualitative solutions,
lacking quantitative solutions. In this same vein, stu-
dies have focused on characterization of the most
important source which is the PU, relegating the
SU; variable that should be taken into account be-
cause it will lead to a better channel use and distri-
bution. In the context of spectrum selection, the vast
majority of authors such as Haykin, Akyildyz, Vish-
ram, Wu, have shifted their models towards reactive
strategies (transmission band selection after user re-
quests service) with a major drawback, due to time
(crucial variable within the context of telecommu-
nications), which is spent searching and selecting
the free frequency for the SU. The implementation
of proactive strategies (where selection is decided
seconds before arrival of the cognitive user) based
on intelligent models such as machine language
(machine learning), and support vector machines,
will allow the reduction of band allocation time im-
proving the spectral decision stage.

CONCEPTUAL DIAGRAM OF THE
PROPOSAL

From the approach described above, we intend
to design and build a predictive spectral selection

model for cognitive users starting from characteri-
zation of heterogeneous users within a centralized
network topology for the IEEE 802.22 band. The
model will be designed and built during the deve-
lopment of a doctoral research work developed by
the main author of the article; and for that the con-
ceptual model of figure 3 is proposed as a basis.

The subfields in which it is expected to gener-
ate input are marked in dark, and the overall oper-
ation description of the proposed methodology is
as follows:

Before the process of characterization, the exist-
ence of a range of free channels to be used by SUs
(sensing) is assumed.

To characterize the PU we estimate taking an
existing model and improving it using the FAHP
(Fuzzy Analytical Hierarchy Process) technique,
which has a low computational cost and the abil-
ity to handle multiple variables without increasing
its complexity.

Characterization of the SUs (the number of
nodes that attempt to access the CRN will be in-
creased over time), will be performed using the
artificial intelligence Machine Learning (ML) con-
cept or starting from layer 2 of the OSI reference
model. The characterization process is intended to
be carried out by each cognitive node and sent to
a database located in the Base Station (BS) with
the mission of storing and labelling the informa-
tion, differentiating it from the information sent by
the multiple SUs (through the use of labels) and
PU.

This will allow the base station to clearly distin-
guish the SUs from the PU and the SUs from each
other. This historical data will in turn be used by
the channel selector algorithm (by implementing
a proactive strategy) to assign channels according
to the SU requirements (provided there are resour-
ces) using the Support Vector Machine paradigm
(SVM). Thus the aim is to reduce channel selection
time increasing CR performance.
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Figure 3. Location of the Doctoral proposal within the context of the CR

Source: The authors.

CONCLUSIONS

The authors of this article pose a conceptual di-
agram (figure 3) in order to develop a predictive
channel selection system in accordance with the
quality of service requirements, taking into account
not only the behavior of primary users, but also in-
volving the secondary, which will allow a more eg-
uitable use and better optimization of the media, by
the cognitive nodes that make up the CR network.

Several new aspects that have not been ad-
dressed so far are included in the proposal,
highlighting the inclusion of a database at the de-
cision-making stage, as support for storing user
behavior history as well as their use of channels,
information that may be relevant not only at the
decision making stage, but also at mobility stage
(by applying spectral handoff) to generate more ac-
curate predictive models.

Another important component is included as an
active variable within the operation of SUs system
which will allow reducing the risk of collision be-
tween them (when the number of cognitive nodes
that access the network increases) and between
the SUs-PUs; making it possible to generate along
with the database, a more suitable and equitable
spectral selection model for all cognitive nodes.
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ABSTRACT

This paper presents the implementation of an en-
cryption board in order to provide confidentiality,
authenticity and integrity of data collected at any
point in a power grid, as a potential solution to the
Smart Grid cyber security issues. This board consists
of a Freescale microcontroller which enables the
connection between a PMU (Phasor Measurement
Unit) and a ZigBee transmitter. Encryption is done
using the SHA256, HMAC-SHA256, KDF-SHA256
and AES256-CBC algorithms. This architecture makes
reading and transmission of voltage and current pha-
sors, energy consumption, frequency, power, power
factor and power outages measurements, and sends
this information in real time to a data concentrator
where display and subsequent storage are possible.
Keywords: cyber security, hash function, phasor
measurement, smart grids, symmetric cryptography
unit.

Hk

RESUMEN

Este articulo muestra la implementacién de una
tarjeta de encriptado con el fin de proporcionar
confidencialidad, autenticidad e integridad de los
datos recolectados en cualquier punto de una red
eléctrica, como posible solucién a las dificultades
que presenta el cibersecurity en las Smart Grid.
Esta tarjeta estd compuesta por un microcontro-
lador Freescale que permite la conexién con una
PMU (Phasor Meter Unit) y dispositivos ZigBee.
La encriptacion se realiza empleando los algorit-
mos SHA256, HMAC-SHA256, KDF-SHA256 vy
AES256-CBC. Esta arquitectura realiza lectura y
transmision de mediciones de los fasores de voltaje
y corriente, consumo de energia, frecuencia, poten-
cias, factor de potencia e interrupciones de energfa
y los envia a un concentrador de datos en tiempo
real, donde es posible su visualizacién y posterior
almacenamiento.

Palabras clave: ciberseguridad, criptografia si-
métrica, funcion hash, redes inteligentes unidad
de medicion fasorial.
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INTRODUCTION

Reliability and security of data collected by elec-
tric meters on the consumer side and the utiliza-
tion of these data for pricing and consumption
profiles require solutions for data transmission
between the meter and the energy providers pro-
tecting customer privacy and ensuring accurate
readings without modification of others.

For this purpose, it is necessary to establish
a security system fulfilling integrity, authenticity
and confidentiality requirements in order to pre-
vent data alteration and unauthorized access to
the network. Breaching channel confidentiality
allows inferring consumption information reveal-
ing personal habits such as if someone was in a
place for a particular time. Likewise, measuring
and pricing process requires a secure transmis-
sion procedure where data integrity and authen-
ticity are certified, since validity of user pricing
method and power grid state estimation depend
on it (NIST, 2010). Authors like DAI & YAN (2010),
Peng, Elkeelany, & Layton, (2010), Seshabhat-
tar, Priyanka, Krier, & Engels (2011), Gangil &
Rakesh (2013) and Stallings (2011) present solu-
tions including symmetric algorithms and HASH
functions as a proposal to the Smart Grid security
issues, fulfilling information confidentiality, au-
thenticity and integrity purposes.

De Craemer & Deconinck (2010), Fan, et al.
(2012), Luan, Teng, Chan, & Hwang (2009) and
Khalifa, Naik, & Nayak (2011) have postulated the
Zigbee protocol as a potential solution to obtain
simultaneous measurements in real time from mul-
tiple connected devices similarly to AMR (Auto-
matic Meter Reading) networks; this, given the
smooth implementation of short-range networks
with low energy consumption and data transfer
rates up to 250 Kbits/s.

This paper shows a possible solution to the
Smart Grid cyber security issues by means the
implementation of an encryption board which

provides confidentiality, authenticity and integ-
rity of data collected anywhere on the power grid.
The paper is organized as follows: section 2 de-
scribes the methodology used for the design and
implementation of the encryption board and its
role within the reading system, as well as the trans-
mission of data measured by a PMU. In section 3
the obtained simulation results, the designed HMI
interface and the implementation of the encryption
board are presented. Finally, in section 4 conclu-
sions are shown.

METHODOLOGY

Proposed Architecture

Figure 1 shows the proposed architecture for rea-
ding, transmission and storage of information rela-
ted to the power grid state and energy consumption
in different points; the proposed system is divided
in two parts, the data concentrator and the me-
ter; in this case, the meter is composed by a PMU
and an encryption board. The PMU performs the
measurements related to the power grid variables,
and the encryption board captures the information
from the PMU converting it into confidential in-
formation, performing the integration and authen-
tication by means of a security scheme; wireless
transmission is made using a Zigbee network with
star topology where the concentrator has the role
of network coordinator and each of the meters is
an end device.

On the meter side the PMU 1133A Power Senti-
nel of company ARBITER SYSTEMS is used, which
collects the voltage and current phasor, energy
consumption, frequency, power, power factor and
power outages measurements. The measured val-
ues are stored in internal registers, and the MOD-
BUS RTU protocol is used via an RS232 serial
connection to route them externally.
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=

Figure 1. Measurement system architecture

Source: Own work.

The encryption board is composed by a Free-
scale microcontroller of ColdFire V1 family, which
allows the connection to the PMU and the Zig-
Bee transmitter through two asynchronous serial
modules and the connection to the ATSHA204
cryptographic keys storage device through the 12C
(Inter-Integrated Circuit) synchronous serial mod-
ule. The microcontroller software contains subrou-
tines to implement the MODBUS-RTU protocol,
from the SHA256 (NIST, 2012), HMAC-SHA256
(NIST, 2008), KDF-SHA256 (NIST, 2011) and
AES256-CBC (Daernen & Rijrnen, 2002), (NIST,
2001) algorithms used in four main processes: i)
Reading and transmission of PMU information, ii)
data encryption, addition of authenticity and in-
tegrity to the information, iii) verification of in-
formation authenticity and integrity and iv) key
derivation.

The concentrator consists of a ZigBee com-
munication module, a user interface designed in
Labview, and the software including subroutines
for the SHA256, HMAC-SHA256, KDF-SHA256
and AES256-CBC algorithms used for the meters
administration, data validation and information
display and storage.

Security Scheme

In the implementation of the security scheme
the recommendations of the National Institute of
Standards and Technologies (NIST) and Cyber Se-
curity (CS) in Smart Grid (SG) (NIST, 2010) were
taken into account, approving the use of existing
cryptographic functions and algorithms, as well
as configurations and parameters to get a better
performance and an adequate security level. The-
re are three families of cryptographic algorithms
—HASH functions, symmetric algorithms and as-
ymmetric algorithms; for the three families NIST
approves only the use of the algorithms listed in
Easter & Bryson (2012).

Each algorithm can be used for a specific pur-
pose or to fulfill several objectives in the same
process. Table 1 shows the algorithms used to
provide confidentiality, integrity or authenticity
to a communication channel; at the same time,
they can be used to generate cryptographic keys
(KDF Key Derivation Function) or distribute them
(KD - Key Distribution) and in the process of ran-
dom number generation (RNG - Random Number
Generator).

Table 1. Functions available for each of the families of
cryptographic algorithms

Function Symmetric Asymmetric HASH
Confidentiality YES YES -
Integrity YES - YES
Authenticity YES YES YES
KDF - - YES
RNG - YES YES
KD YES YES -

Source: (NIST, 2007).

The security scheme proposed in this paper ad-
dresses the need to protect the data confidentiality,
integrity and authenticity by means of symmetric
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cryptographic algorithms, since the keys for these
algorithms are smaller than those of an asymmetric
algorithm with the purpose of obtaining the same
level of security requiring less time to process infor-
mation. In addition, less resources in a communica-
tion channel are required, since the encrypted text
has the same size than the plaintext, ensuring that
all the sent information will be useful, which does
not occur with asymmetric algorithms, which add
bits to the encrypted text increasing the size with
the same useful information (Khurana et al., 2010).

The implemented security system is divided
in two parts: i) the process of key generation and
distribution, where only the SHA256 algorithm is
used and ii) the authenticated encryption scheme
where the HMAC-SHA256 algorithm is used to
calculate the MAC (Message Authentication Code)
and therefore to determine the information integri-
ty and user authenticity, and the AES256 algorithm
to protect the information confidentiality.

Key generation and distribution scheme
The proposed security system fulfills the following
requirements:

e It does not compromise the security of any

objective (authenticity, integrity and confiden-

tiality) when one in particular is compromised.

e It does not compromise the security of any

node when the security of one in particular is

compromised.

To fulfill the first requirement, independent keys
are used for each of the objectives; the keys used in
the security system are listed below:

Symmetric key for authentication k,: Key
used in the HMAC algorithm to generate the
HASH code that allows obtaining the message
authentication code.

o Symmetric key for information encryption k :
Key used by AES-256 to protect the information
confidentiality in the communication channel.
e Master symmetric key k : Key used by the
KDF algorithm to derivate other keys (k,, k ).

& # | ATSHA204 | J ’))‘.ﬁ
x l

{ l 1 ATSHAZ(M ((")))ﬂ-[\x;s}

’KDFl ’KDFI |KDF‘ |—.ﬁ

X2 Ny, ((( ,)) m
-

\KDF] \KDF] IKDF‘

I 1

Figure 2. Key derivation and distribution scheme

Source: Own work.

To simultaneously fulfill both requirements, the
scheme of figure 2 is implemented, where a differ-
ent key set is used for each of the meters associated
to the network. The initial master key k is intro-
duced in the concentrator and in the key transpor-
tation device ATSHA204. In each of the meters a
key set JCR, H and K3 is derived; in the first
step K is derived by executing the equation (1)
over the device ATSHA204, where is the indicator
of the selected meter, SN is the serial of the ZigBee
module, MAESTRA is the label indicating that the
key is derived. In this case, with value 0x00 and
KDF is defined by equation (2).

K! = KDF(K,, MAESTRA,0x00,SN" 0xFF )(1)

y = KDF(x) = SHA256(x )| x |< 2% bits;| y |= 256bits (2)
To derivate KZ and K¢ , equations (3) and (4)
are executed over the microcontroller, where

AUTENTICACION=0x01 and ENCRIPTACION=0x02.

", AUTENTICACION ,0x00, SN "

K’ = KDF (K], OxFF)(3)

K! = KDF(K, ENCRIPTACION,0x00,SN " ,0xFF) (4)
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Simultaneously, the same process is executed 0x36 repeated 64 times and opad is 0x5c repeated
over the concentrator; in this way, the concentrator 64 times.
and each meter have the same key set.

HMAC = H(K, ®opad )| H((K, ®ipad )| M)) (5)

Authenticated Encryption Scheme
The authenticated encryption scheme uses the From Katz & Lindell (2007), the EtM (Encrypt
AES-256 and HMAC-SHA256 algorithms together ~ then MAC) configuration is used, which simulta-
to fulfill confidentiality, integrity and authenticity neously utilizes both algorithms, first perform the
objectives. The AES-256 algorithm is used in the  encryption of the plaintext and then the MAC is
CBC (Cipher- Block Chaining) configuration where ~ computed protecting directly the encrypted text

each of the encrypted blocks depends on the pre-  against integrity or authenticity attacks and indi-
vious blocks allowing encrypted text blocks are in- rectly the plaintext.
distinguishable between them. Figure 3 summarizes the process to perform in or-

The HMAC-SHA256 algorithm is a variation of  der to send the information protecting its confidenti-
the SHA256 algorithm described by equation (5), ality, integrity and authenticity, and Figure 4 shows
which allows generating a message authentication  the process to verify the integrity and authenticity
code (MAC) from a HASH function, where ipad is ~ and additionally decrypt the received information.

@r— ¥ g rJ

128 bits | M,
128 bits | M, 128 bits | M, 128 bits M,
i ) ®
5 o e oy f
Xs i ) "Ll aes " AES o AES
256 bits -
| AES AES | AES
4 i } 128bits | €, = 128bits | C; 128 birs | €4
128 bits | ¢, == 128 bits | ¢, 128 bits | €, K, 256 bits I
| I | HMAC- encrypted text| MAC ——
1] SHA256 . s
e R
e wna , mvalid message
encrypted text |  MAC 256 bies X, P—
A B

Figure 3. CryptoAutentication Scheme for (A)information transmission and (B) information receiving and validation

Source: Own work.

Network architecture based on Zigbee technology ~ of Figure 3 is executed, and the information is en-
Transmission is done through a Zigbee network  capsulated in the frame structure provided by the
with star topology, where each network device has  Zigbee APl operating mode.
an associated Zigbee module. In this case, the con-
centrator manages the network and communicates #Bytes | Serial MAC
with each of the meters. For this reason, the Zigbee Thyte | 8Bytes 16*n Bytes 32 bytes
module is configured as coordinator, and meters
have a module configured as end device.

Each time the information is sent from the co-
ordinator to the meter or vice versa, the process Source: Own work

Figure 4. Payload structure of Zighee API frame
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Figure 4 shows the distribution of the payload
field of the API frame, the data field has a size mul-
tiple of 16 bytes given by the AES256 algorithm,
always encrypted and which sends the frames of fig-
ures 6 and 7; the MAC field is the result of running
the HMAC-SHA256 algorithm over the data field.

New Zigbee device on the network

[Derivation of the key]
Y

[Authentication meter to the concentrator]

v

[Time and date synchronization]

'

[Periodic sending of information to concentrator]

Figure 5. Flowchart for starting the encryption board
and information transmission

Source: Own work.

Figure 5 shows the flowchart that a meter fol-
lows when the encryption board is started. In the
first step the coordinator executes the admission
process of a new Zigbee device on the network,
then the derivation of the key set is done in the
microcontroller and it proceeds to send the request
for authorization of figure 6, where the result of
calculate SHA256(JC || K§') is sent.

When the concentrator receives the request, it
performs the same calculation with the keys de-
rived inside and compares the result, checking the
MAC it is verified that the keys generated by the two
parties are the same without having to send them
by the communication channel and simultaneously
the identity of the meter sending the information is
verified. Once keys and identity are confirmed, the
confirmation of authorization of figure 7 including
actual date and time is sent, the meter is authorized

and synchronizes date and time, with this the setup
process finalizes and the periodic sending of infor-
mation starts as requested by the concentrator.

Valor 0x00 - - - |- - - - - - 0x00
Nombre Comando |Fecha |V Fase V[l [Fasel[P.Activa |P. Reactiva |P. Aparente [Factorde P. [Frec |Ceros
# Bytes 1) 7| 2| 2| 2 2| 2| 2 2 2 2 6|
Valor 0x01 - - - - - -
Nombre Comando [Fecha| E.Activa E.Aparentq E. reactiva C1 E. Reactiva2 |E. reactiva C3 | E. reactiva C4
#Bytes 1 7| 4 4 4 4 4 4

Valor 0x02 - 0x00
Nombre Comando SHA256(Ka, Ks) Ceros
#Bytes 1 32 15

Figure 6. Types of frames sent from the meter to the
concentrator

Source: Own work.

Peticion Iniciar Medicion Tiempo Real

Valor 0x00 0x00
Nombre Comando Ceros
# Bytes 4 15
Peticion Detener Medicion Tiempo Real
Valor 0x01 0x00
Nombre Comando Ceros
# Bytes 1 15
Peticion Iniciar Medicion De energia
Valor 0x02 0x00
Nombre Comando Ceros
# Bytes 1 15
Borrar claves
Valor 0x03 0x00
Nombre Comando Ceros
# Bytes 1 15
Confirmacion autoricacion envio de fecha y hora
Valor 0x04 - - - - 0x00
Nombre Comando |[Ano |Mes [Dia Hora |Ceros
# Bytes 1 1 1 1 4 8

Figure 7. Types of frames sent from the concentrator to
the meter

Source: Own work.

Figure 6 shows the structure of the information
sent from the meter to the concentrator. This infor-
mation is divided in two types: the first for voltage
and current phasors measurements, frequency and
power, which is sent in real time and the second
for sending energy consumption which is done by
request from the concentrator. Figure 7 shows the
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frame structure used for a request from the concen-
trator to each of the meters.

RESULTS

Figure 8. Encryption board

Source: Own work.

The encryption board shown in figure 8 was im-
plemented for reading, transmission and storage of
information related to the power grid state using a
ZigBee transmitter. It includes information securi-
ty parameters such as confidentiality, integrity and
authenticity, through the implementation of the
SHA256, HMAC-SHA256, KDF-SHA256 and AES256-CBC
algorithms in the microcontroller included in the
encryption board. Figure 9 (A) presents the measu-
rements of running times achieved by implemen-
ting the AES256 algorithms representing 32 bits
and SHA256 in the MCF51QE128 Freescale mi-
crocontroller, and figure 9 (B) shows these results
in Labview under a 32 bit platform.

3,86
31
é.; L) ©
<
& & &

(974

& ¥ W &

4

0,672 I
b

,21
<
Qg

Time (ms)

A

Figure 9. Runtimes of cryptographic algorithms in (A)
microcontroller and (B) Labview

Source: Own work.

The system is controlled by the HMI in Figure
10 developed in Labview, which allows to start
and stop sending real time data from each me-
ter, to request energy consumption, to request key
change, to observe measured variables in real time
and to store historical measurements from each
meter. Starting the encryption board the authen-
tication and synchronization process starts, which
is notified in the HMI, successfully completed this
process it is possible to do the requests of figure 8
over the chosen meter.

A simulation using OPNET Modeler was carried
out in order to estimate the number of meters that
can be connected to the concentrator and to per-
form transmission of real time simultaneous infor-
mation without losing data, where the following
parameters were configured:

e Star topology with data transmission only

from the meter to the network coordinator.

e Packet size of 512 bits per meter in the ap-

plication layer.

e Transmission time between packs of 82,16

ms per meter, which includes the time em-

ployed to read information from the PMU (75,2

ms) plus delay of the authenticated encryption

scheme (6,96 ms). These are enough times for
electric energy management in terms of genera-
tion and consumption.
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C:\Users\Sergio\Desktop\Datos | 48

C:\Users\Sergio\Desktop\Datos | &

’
o

\

Figure 10. HMI (Human Machine Interface)

Source: Own work.

Simulation result is shown in Figure 11 (A),
where the vertical axis is the time in seconds. It
takes the meter to access the channel and the hori-
zontal axis presents the number of meters in the
network; the figure shows that by using simultan-
eously 25 meters, average delays of 90 millisec-
onds are obtained, being greater than the time
between packs, causing loss of data. Figure 11 (B)
shows the traffic received by the concentrator and
channel saturation is identified from 24 meters.

Figure 11. (A) Average access time from the meter to
the channel, (B) Traffic received by the concentrator in

the application layer for each of the scenarios in bits/s

Source: Own work.

Each meter is waiting for a request from the con-
centrator to start a real time or energy consump-
tion information transmission after performing the
authentication and synchronization process. Figure
12 (A) shows the encapsulated request in a Zigbee
API frame sent from the concentrator, by imple-
menting the figure 3 process.
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In the first step, the data field is encrypted with
AES256 under the key k, then the MAC is calcu-
lated with the HMAC-SHA256 algorithm based on
the key k and finally the frame is sent to the me-
ter. When the meter receives the frame, first runs
the HMAC-SHA256 algorithm to validate the MAC
and then decrypts the data field with the AES256
algorithm, the result indicates the start of real time
information transmission because in the “com-
mand “ field a “ 0x00 “ was received.

40 AC B4 F8

TipqID
10| 00
MAC

63 5B 94 7D 69 F9 FB Bl 47 3C A5 07 82 32 D6 CA
29 13 45 59 2E 49 E1 3E 5C OC 57 05 23 CB 0A 42

Dir destino
00 13 A2 O

Tam Dir 16b

00 3E EEREE

AES256

Figure 12 (B) shows the measurement per-
formed by one of the meters using a load of 132 W
required by the concentrator, there the encrypted
data field and the MAC, encapsulated in the same
frame structure, are included. After receiving this
frame, the concentrator validates the source ad-
dress through the MAC, then decrypts the data
field including the descriptor of frame “0x00” with
the date and time of data measurement, current
and voltage phasors, power and frequency.

Tam [ID | Dir destino
00 13 A2 O
40 AC B4 F8

00 4C|9%

30 B6 AA 8A 4 (D BA A2 98 9F 47 10 C5 E9 8A B2
C4 47 E5 84 10 BA 79 55 83 C7 62 DO OC 76 9C 5C

00 -> Identificador
V=
P=

FECHA HORA = OE 04 1A 02 58 93 75 = 14/04/26 , 39359349 S
1A 01 = 6657*600/32767=121.8970V I= 06 F5 = 1781*20/32767=1,0870 A
01 69=361*12000/32767=132,206 W F= 17 70= 6000*665.35/65534=60,9164 H

Figure 12. (A) Request from the concentrator to the meter to start real time measurement, (B) Response from the

meter

Source: Own work.

CONCLUSIONS

A collector-meter communication system was im-
plemented that allows monitoring energy consump-
tion and real time state of the power grid in each of
the meters associated to the network. The security
of this system was achieved in two levels, the first
with the design and implementation of the encryp-
tion board which protects data authenticity, integri-
ty and privacy at the point of measurement in the
power grid through the PMU, and the second level
for data transmission integrating the security sys-
tem with security mechanisms that Zigbee techno-
logy incorporates. This combination in the security

system implemented as last mile solution for secure
and reliable access to information is the first of its
kind, because it is made from the client side.

The implemented security scheme fulfills the
information confidentiality, integrity and authenti-
city requirements using symmetric cryptographic
algorithms with keys smaller than asymmetric al-
gorithms, providing less time for information pro-
cessing with the same security level.

The time employed for encryption and trans-
mission of data collected from the PMU is enough
for electric energy management in terms of genera-
tion and consumption. However, it is not recom-
mended to use encryption when sending voltage
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or frequency references to the inverters for certain
events because they are greater than half cycle of
the sine wave.
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ABSTRACT

Parkinson’s disease (PD) is a progressive degenera-
tive neurological condition, which origin remains
unclear. We are interested in proposing the study of
blood flow in the substantia nigra (SN) in PD pa-
tients, based on findings that demonstrated relative
hypoactivity in PD patients located to subthalamic
nucleus and SN. It is believed that this hipoactivity
may suggest changes in the blood flow to the SN,
where the particular loss of dopaminergic neurons
occurs.

The method used is the Incoherent Motion Intravoxel
(IVIM) that allows measurement of blood flow to the
microvascular level and recently has been produ-
cing high resolution quantitative perfusion maps.

Kk

This paper proposes to measure the perfusion in
PD patients and find any correlation with neu-
ral activity and water displacements within the
tissue. Assuming decreasing the local perfusion
suggests the possible impairments that affect the
neural activity in PD causing the progressive
death of neurons in the SN.

Kewords: Diffusion Weighted Imaging (DWI), In-
travoxel incoherent motion (IVIM),, Parkinson’s
disease (PD), Substantia nigra (SN).

RESUMEN

La enfermedad de Parkinson (EP) es una afec-
cién neuroldgica progresivamente degenerati-
va, con un origen adn desconocido. Estamos
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interesados en proponer el estudio del flujo sangui-
neo en la sustancia negra (SN) en los pacientes con
Parkinson, basados en hallazgos que han demostra-
do la relativa hipoactividad localizada en el nicleo
subtalamico y la SN. Se cree que esta hipoactividad
puede sugerir cambios en el fluido sanguineo de la
SN, donde ocurre la particular pérdida de neuronas
dopaminérgicas.

El método a usar es el movimiento incoherente In-
travoxel (IVIM) que permite la medicion del flujo
sanguineo a nivel microvascular; ademads, reciente-
mente ha producido una alta resoluciéon de mapas
de perfusion, permitiendo ser cuantificados.

El presente articulo plantea la posibilidad de me-
dir la perfusién en pacientes con EP y encontrar la
correlacion de la actividad neuronal y de los des-
plazamientos de agua dentro del tejido a trevés de
imagenes DWI e IVIM, suponiendo que la disminu-
cién de la perfusion local en la SN en los pacientes
con EP interfiere en la actividad neuronal, siendo
esta una de las posibles causas de la muerte progre-
siva de las neuronas en la sustancia negra.

Palabras clave: enfermedad de Parkinson (EP); Mo-
vimiento Incoherente Intravoxel (IVIM); Imagenes
DWI; Sustancia negra (SN).

INTRODUCTION

Diffusion Weighted Imaging (DWI) (LeBihan et al.,
1986) is a Magnetic resonance imaging (MRI) me-
thod, which allows the movements of the water
molecules to be quantified (LeBihan, Moonen, van
Zijl, Pekar, & DesPres, 1991), in vivo and non-in-
vasively. Presently DWI has become an important
technique in the characterization and detection of
neurodegenerative diseases, such as PD (Kollens-
perger, Seppi, Liener, & Al, 2007; Meijer et al.,
2013; Nicoletti et al., 2006; Seppi et al., 2006)
The movements of the water molecules, known
as Brownian motion, is due to thermal agitation
and is highly influenced by the cellular environ-
ment. Tirosh & Nevo (2013) suggest a possible re-
duction in water displacement that accompanies
the neuronal activity, but neuronal activity was
possibly affected by other physiological mech-
anisms as a consequence from Blood Oxygena-
tion Level (BOLD) (Ogawa, Lee, Nayak, & Glynn,
1990) and blood flow. Otherwise, Kohno et al.
(2009) suggest that the changes in DWI signal are
not due to a BOLD effect because the diffusion
response was less correlated with the changes in
oxygenated, deoxygenated, and total hemoglo-
bin. Even, they suggested that a decrease in water

diffusion reflects early events that precede the vas-
cular responses, which could originate from chan-
ges in the extravascular tissue (Kohno et al., 2009).
Would be interesting to study on finding evidence
to suggest that the decrease in the diffusion meas-
ure, really are influenced by the effects of perfu-
sion in PD patients that result in neuronal loss and
possible symptoms in PD. An example of evidence
that suggest changes in the region of interest along
a line between the SN and the lower part of the
putamen and caudate complex of PD patients,
in which most of the nigrostriatal dopaminergic
neurons are included (Yoshikawa, 2004). Another
important study by Vaillancourt et al., showed dif-
fusion values in rostral, middle, and caudal region
of the SN distinguishes in early stage PD patients
from healthy controls (Vaillancourt et al., 2009),
and structural abnormalities in the SN (Du et al.,
2011; Péran, Cherubini, Assogna, & Al., 2010). Al-
though the correlation between diffusion measures
and pathological changes like perfusion in PD had
not evidence, it is a primary concern for further re-
searches to emphasize the importance of the SN.
BOLD functional MRI has great potential to
serve as a non-invasive biomarker in PD (Prodoehl
et al., 2010; Spraker et al., 2010) these studies
showed hypoactives areas in response to a certain
task in the basal ganglia, thalamus, cortical regions
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and SN. But BOLD is a method that faces several
dependences with cerebral blood flow, cerebral
blood volume, and blood oxygenation (Federau et
al., 2012; Malonek et al., 1997). Also the spatial
resolution is limited due to contribution from veins
draining in the sides of activation (Turner, 2002).
Generally we must use a series post-processing
techniques to improve the spatial resolution. The
recently advance techniques and functional im-
aging IVIM weighted MRI (LeBihan & Turner, 1992)
could have a higher spatial correlation with perfu-
sion and neural activation (Federau et al., 2012),
even if we consider that [IVIM concept has contrib-
uted to better understand the different vasculature
components to the BOLD functional MRI signal
(Le Bihan, 2012; Ogawa et al., 1993). Some of the
others good examples or reasons that we encour-
age the use of IVIM is due to imaging demonstrat-
ed ischemic cerebral injury 2 hours post-occlusion
in all cats, while T2-weighted imaging failed to
show clear evidence of injury until 2—6 hours (Ide
etal., 1993).

IVIM

IVIM weighted MRI (LeBihan & Turner 1992) mea-
surements involve two movements in each voxel of
biological tissue: the molecular diffusion and the
microcirculation of water (known as perfusion).
These two movements can be quantified in terms
of the apparent diffusion coefficient (ADC) (LeBi-
han & Turner, 1992). IVIM images are generated
from diffusion weighted images, with sequences
that have different sensitivity to the type of vessels
and also according to the sensitivity range of mo-
tion which is known as b values.

LeBihan (2008) indicated that low b values, less
than 200 sec/mm?, make the signal from large ves-
sels with rapid disappearing flow rate; meanwhile
higher b values above 200 sec/mm? make it pos-
sible to obtain signals of small vessels with slow
flow that contributes to the acquisition of IVIM sig-
nal (LeBihan & Turner, 1992; LeBihan, 2008).

The apparent diffusion coefficient (ADC) can be
calculated by using the equation (1):
ADC=Log(S /S, /(b -b,) (1)

Where b, and b, are the gradient factors of S,
and S sequences. According to this equation, IVIM
theory can obtain the IVIM Image (which contains

diffusion and perfusion) and the pure diffusion im-
age called D.

a b c
Lo /| 180 x#su 180 oo /| 10 RE
b G Gy b Sz Sz,
0 1 2
— Ly | BN | Gradient
A < > < » < > < >
S o7 TeT s CRA R R
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ADC;= Log (So/ $1)/ (b1 — bo) ADC,= Log (S1/$5) / (b2 — by)
ADC,= D
{IVIM image (©ifusion and Perfusion) | | Diffusion Image |
ADC =D+ Log [1/(1-f)]/bs

f=1—exp[-bs . (ADC - D)]

————————————————————————

Figure 1. Separation of diffusion and perfusion. Three
sequences are used. (a) Without diffusion weighted,
also called standard sequence; (b) With stronger
additional gradient G,; (c) Diffusion weighted by
stronger additional gradient pulses G,

Source: Cruz, Li, Xu, & Zhang (2010).

Based on Figure 1, an independent separation
of D and f can be obtained from two IVIM images
acquired at different gradient factors b. The separa-
tion and quantification of diffusion and perfusion
images are calculated using third sequence S, (Le-
Bihan et al., 1988). This sequence, (c), is identical
to the sequence S,, (b), except that the additional
gradient pulse is stronger, and the echo attenuation
due to diffusion is higher.

Combining the first IVIM image obtained from
S, (@ and S, (b), and the pure diffusion image ob-
tained from S, (b) and S, (c) is possible to obtain a
pure perfusion image f as equation (2) follows:

f =1-exp[-b, -(ADC - D)] (2)
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Where b, is the gradient factors of S, ADC is
the IVIM image obtained from S, (a) and S, (b), and
D is the pure diffusion image obtained from S, (b)
and S, (c).

PD

Initially described in 1817 by James Pakinson, PD
is characterized by the selective loss of dopami-
nergic neurons in the SN zona compacta (SNc)
(Braak, Riib, Gai, & Del Tredici, 2003). The motor
symptoms appear when at least 50-80% of dopa-
minergic neurons have died in the SN. This lim-
its the effectiveness of potential treatments due to
the low number of remaining neurons. According
to Barcia et al. (2005) and Issidorides (1971), the
EP can be related to disturbances of the microcir-
culation within the SN, which activates the patho-
physiological cascade, which ultimately leads to
the loss of dopaminergic neurons. However, an-
other equally interesting theory by Kitagawa et al.,
related to changes in the cellular balance of anti-
oxidants/oxidants due to increased free radicals in
neurons (Kitagawa et al., 1990)They demonstrat-
ed that oxygen free radicals can be generated as
a consequence of short periods of ischemia and
neuronal death in vulnerable areas of the brain
(Kitagawa et al., 1990; Sasaki et al., 2011)

In this work we propose to analyze IVIM tech-
nique to evaluate regional blood supply and dif-
fusion measurements, and thus examine the
correlation with regional atrophy in the SN of PD
patients.

SN

SN has been divided into two macroscopic por-
tions by their neurotransmitters, a dorsal portion
rich in neurons containing neuromelanin called
zona compacta (SNc) (Parent & Hazrati, 1995). The
more ventral region is a portion with ovoid shape
and lower neuron density called zona reticular

(SNr), it has also a lateral portion. Functionally
SN is divided in the inferior (caudal) and posterior
(dorsal) in SNc; and the superior (rostral) and ante-
rior (ventral) in SNr (Massey & Yousry, 2010).

Vascularization in SN

The SN is supplied with blood by four pial arter-
ies: the basilar, the posterior cerebral, the posterior
communicating and the choroid (Knox & Finley,
1936). Most of the parenchymal arteries supplying
the SN also supply neighbouring nuclei (Cipolla,
2009; Knox & Finley, 1936). Within the SN, the
capillary network of the SNc is much denser than
in the SNr (Scheibel & Tomiyasu, 1980). SNc con-
sists of rather densely arrayed vascular loops and
whorls within which the neurons are situated. And
SNr consists of longer blood vessels extending to-
ward cerebral peduncle (Scheibel & Tomiyasu,
1980).

Observations were made of neurons of the SN
by Issidorides (1971). He found that the melanin-
containing neurons of the SNc in the normal brain
have a close spatial relationship with the blood cir-
culation. The capillary walls appear fused to the
membranes of neuronal perikarya. In the Parkin-
sonian SNc since the close contact between nigral
neuron and the capillary is lost (Issidorides, 1971).
The width of this area ranged from a simple fissure,
and seemed to increase with duration of disease.
These findings suggest that this is due to the in-
filtration of the proliferated glia between cell sur-
face and capillary wall (Issidorides, 1971; Hassler,
1938).

These changes in vascularization (Figure 2) may
therefore modify the neuronal availability of blood
nutrients, blood cells or toxic substances and neu-
ronal susceptibility to parkinsonism (Barcia et al.,
2005). Despite the increased number of blood ves-
sels in the SN of the modeling PD in primates mon-
keys, they found no changes in the volume of the
SNc (Barcia et al., 2005).
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Figure 2. Photomicrographs of vascularization evidenced
by reticulin staining in the zona compacta (SNc) of a
control monkey (A) and a Modeling Parkinson’s Disease
in Primates (MPTP)-treated monkey (B)

Source: Barcia et al. (2005).

Within the SN, the pathology is more pronoun-
ced in the caudal and the lateral portion (Hassler,
1938; Jellinger, 1986), in the vascularized portion
by perforating arteries originating from the vascular
territory of the perforating branches that origina-
te from the basilar bifurcation and posterior cere-
bral artery, mesenphalic arteries. As same, others
as dopaminergic midbrain nucleus German et al.,
1989), in the locus ceruleus (Ohtsuka et al., 2013;
Zweig et al., 1993), and monoaminergic neurons
in the pons and medulla oblongata (Halliday et al.,
1988).

PD has a high incidence in people over 50 years
old with a slowly progressive course; consequent-
ly, multiple anatomical variations of the circle of
Willis and/or structural changes in their perfora-
ting arteries, possibility can cause reduced blood

flow to the SN, as well as others nucleus. Although
the reduction in blood flow and nutrient delivery
may initially be not clinically detectable, however,
chronic persistence could ultimately to reduced
thus compromising neuronal-glial interaction (De
[a Torre, 1994) Because the cerebral blood flow is
normally regulated by the regional metabolic ac-
tivity of neurons (Raichle et al., 1976). Recent re-
search showed that cells implanted in the posterior
region of the circle of Willis improved the severity
of disease (Brazzini et al., 2010).

SN IN PD

In PD has the highest degree of neuronal loss in the
SNc (Hirsch, Graybiel, & Agid, 1988), but it was
more severely affected in the ventral (98%) than
dorsal and lateral tiers (Fearnley & Lees, 1991).
Another study with Neuromelanin-sensitive MRI
was able to visualize changes associated with neu-
ronal loss, the most significant signal attenuation
was detected in the lateral part and most severely
affected in PD (Ohtsuka et al., 2013).

The cause of the vulnerability of different re-
gions is unknown. Apparently some of the reasons
or features are because the neurons are more sen-
sitive to oxidative stress in PD, which is known as
the increased iron concentrations in the SN (EC
Hirsch, 2009). Furthermore, an increased density
of lactoferrin receptors has been reported on do-
paminergic neurons and blood vessels (EC Hirsch
& Faucheux, 1998; EC Hirsch, 2009).

Other a good correlation between PD patients
and controls with the BOLD signal versus the per-
formance of motor tasks and symptom-specific di-
sease severity was made by Prodoehl et al. (2010)
and Spraker et al., (2010). They showed the loca-
tion on each anatomical region of the basal gan-
glia, primary motor cortex, supplementary motor
area and SN were hypoactive in PD patients. Even
the hypoactivity was observed in PD patients who
had not yet started medication to subthalmic nu-
cleus and SN (Spraker et al., 2010). In addition
to these findings, one of the major responses that
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accompanies changes in neural activity is a loca-
lized change in cerebral hemodynamics: changes
as cerebral blood flow, volume and blood oxy-
genation (Ogawa et al., 1993); also when a neu-
ron increases the metabolic demands of oxygen
and nutrients, they are extracted from the blood,
meanwhile increases the local perfusion through
vascular coupling (Roy & Sherrington, 1890).

Software application for ADC and IVIM

Calculate IVIM

Get parameters:
b values, max value for ADC

v

Get image stack (DWI stack)

v

Check image stack
Get stack size

Yes]

A\VA
For slices 1 and 2 uses
ADC = LN(S0/S1)/(b1-b0)
For slices 2 and 3 uses
D = LN(S1/S2)/(b2-b1)

}

Calculate Perfusion
f=1-EXP(-b1. (ADC - D))

|

Show results

End

[

Exception:
Stack must be = 3

Figure 3. IVIM main flow diagram

Source: Own work.

With the aim of implementing the [VIM theory abo-
ve described and also trying to emphasize the rich
information that ADC maps can give us, an “open
source” application was implemented in order to

generate ADC, diffusion and perfusion maps. The
software was developed in Java language, as a plu-
gin for Image). Image] is a public domain Java ima-
ge processing program (http://rsbweb.nih.gov/ij/).
The logical structure of the program gives the user
the possibility to perform two analyses: 1) IVIM
Analysis: calculates the IVIM map, the pure diffu-
sion map and the perfusion map; 2) ADC Analysis:
calculates the ADC map for two or more slices by
using a fitting algorithm.

The following flow diagram (Figure 3) imple-
ments the main aspects of IVIM calculation:

On the other hand, the ADC analysis perfor-
ms the ADC maps from multiple DWI slices with
different b values. When two slices are introduced,
with its corresponding b values, the software will
perform an ADC analysis based on the equation
(1). And, for more than two slices a fitting algo-
rithm will be used. This fitting algorithm is based
on the famous simplex method. The simplex al-
gorithm, created by the American mathematician
George Dantzig in 1947, is a popular algorithm for
numerically solving linear programming problems.
This method uses the concept of a simplex, which
is a polytope of N + 1 vertices in N dimensions: a
line segment in one dimension, a triangle in two
dimensions, a tetrahedron in three-dimensional
space, and so forth. Each ADC value in the map
will be expressed in terms of 10-3 mm2/sec.

CONCLUSIONS

Basically the IVIM method an engineering point of
view allows us to suggest that diffusion measures
are excellent to proposing novel methods for deve-
lopment and planning of logic solutions to follow
the disease progression and find new potential bio-
markers in PD. Also authors such as Du et al. (2011)
and Vaillancourt et al. (2009) proposed to improve
and develop methods for separation of SN to dis-
tinguish SNc from SNr, as well as it is a necessary
development novel tool for analyses and compare
iron deposition, perfusion and diffusion within the
SN, that can help to know the progression of the
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disease to understand the correlation between the-
se biomarkers. The even other unclear boundary is
between the sub-thalamic nucleus and the SN in
the dorsal region (Du et al., 2011; Vaillancourt et
al., 2009).

We can also use others different MRI techni-
ques to obtain measures of perfusion information
Calamante et al., 1999), that we don’t propose in
this paper, but they should be used with the same
aim to understand the possible changes that pro-
duced the death of the dopaminergic neurons to
avoid the appearance of the symptoms.

Diffusion Tensor Imaging (Mori & Zhang, 2006)
provides excellent sensitivity and specificity in PD
to identifier structural abnormalities in the SN (Du
etal,, 2011; Péran et al., 2010). These results were
also consistent with the strong linear relationship
with iron concentrations, particularly in the cau-
dal region in SN, even between individual sub-
jects (Vaillancourt et al., 2009). Another reason for
this interesting research is the possible reduction
in water displacement that accompanies the neu-
ronal activity, which was possibly affected by the
blood oxygenation level and blood flow (Tirosh &
Nevo, 2013). In summary, our objective is to iden-
tify markers that can aid in diagnosis, disease pro-
gression monitoring and long-term drug impact
analysis.

The effectiveness of the software depends on
the correct acquisition of images. Due to the diffi-
culty of getting good quality diffusion images in
the brain with PD, the actual results lack of statis-
tical support about the effectiveness of IVIM me-
thod. For that reason, this work only can present
the software for further studies, which is expected
the possibility to have more image data. The ima-
ges used to test the IVIM software are just simple
testing images. We want to open the possibility to
use this application for future research.

Actually the software deficiency of preproces-
sing to reduce the noise, deblurring and adjust con-
trast, this is because the aim of this software was
to develop an algorithm to perform IVIM theory;
the focus was to implement the mathematical

processing. In future stages preprocessing tools
can be developed. And others imaging computa-
tional methods and software tools can improve the
analysis in future research that are widely used to
process and analyze DWI data (Hasan, Walimuni,
Abid, & Hahn, 2011).
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ABSTRACT

Functional annotation represents a way to investi-
gate and classify genes and transcripts according to
their function within a given organism.

This paper presents Massive Automatic Functional
Annotation (MAFA - Web), which is an online free
bioinformatics tool that allows automation, unifi-
cation and optimization of functional annotation
processes when dealing with large volumes of se-
quences. MAFA includes tools for categorization and
statistical analysis of associations between sequen-
ces. We have evaluated the performance of MAFA
with a set of data taken from Diploria-Strigosa trans-
criptome (using an 8-core computer, namely E7450
@ 2,40GHZ with 256GB RAM), processing rates of
2,7 seconds per sequence (using Uniprot database)
and 50,0 seconds per sequence (using Non-redun-
dant from NCBI database) were found together with
particular RAM usage patterns that depend on the

*5k

Fskok

database being processed (1GB for Uniprot databa-
se and 9GB for Non-redundant database). Aviability:
https:/github.com/BioinfUD/MAFA.

Keywords: Annotator, Functional annotation, Gene
ontology, High Throughput Sequencing.

RESUMEN

La anotacién funcional es un medio para investigary
clasificar genes y transcritos de acuerdo con la fun-
cién que realizan en un organismo dado.

Este articulo presenta Massive Automatic Functio-
nal Annotation (MAFA - Web), la cual es una herra-
mienta bioinformdtica libre y en linea que permite
la automatizacion, unificacién y automatizacion de
los procesos de la anotacion funcional, trabajando
con grandes volimenes de secuencias. MAFA in-
cluye herramientas para la categorizacién y anali-
sis estadistico de las asociaciones entre secuencias
y su ontologia correspondiente. Se ha evaluado el
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desempefio de MAFA con un set de datos toma-
do del transcriptoma de Diploria-Strigosa (usando
un computador de 8 nucleos, especificamente un
E7450 @ 2,40GHZ con 256GB de memoria RAM).
Se encontraron tasas de procesamiento de 2,7 se-
gundos por secuencia (usando la base de datos de
Uniprot) y 50,0 segundos por secuencia (usando la
base de datos Non-redundant de NCBI), junto con

un patrén particular de uso de RAM que depende
de la base de datos que es procesada (1GB para la
base de datos Uniprot y 9GB para la base de da-
tos Non-redundant). Disponibilidad: https://github.
com/BioinfUD/MAFA.

Palabras clave: anotador, anotacién funcional, on-
tologia génica, secuenciacion de alto rendimiento.

INTRODUCTION

Biological-sequence decoding plays an essential
role in almost all research branches of Biology. For
various decades, sequencing processes were con-
ducted using the Sanger method (including the
human genome project, where this method was
crucial). However, the cost of the method and its
limitations in terms of performance, scalability,
speed and resolution have led to a migration trend
towards using new procedures in the last 5 years,
namely the so called “next generation sequencing”
(Mekster, 2010; Martin & Wang, 2011) These new
technologies allow having lower-cost, more-effi-
cient sequencing, which leads to an exponential
growth in the volumes of sequenced data.
Optimization of the sequencing process would
be worthless without the development and opti-
mization of suitable computing tools capable of
analyzing such large sequenced-data volumes. In
this context, one of the main needs of genomic-
transcriptomic data mining is functional annota-
tion. As a process, functional annotation consists
of two stages, namely a search for known similar
sequences (through alignment) and the association
of such sequences to functional categories. The
type of tools that are commonly used to carry out
functional annotation processes are the following:
BLAST - Basic Local Alignment Search Tool (Alts-
chul et al., 1990), (Camacho et al., 2008) (for find-
ing sequences through alignment) and GO - Gene
Ontology (Ashburner et al., 2000) (which provides

controlled-term vocabulary to describe particular
genes and the gene-product attributes within a par-
ticular organism).

The annotation process for unknown sequen-
ces involves the use and integration of various
tools that deal with the following tasks: Local-alig-
nment search for comparing unknown sequences
with known-sequence databases (e.g. Swissprot,
Uniprot, Refseq, among others), association be-
tween sequences and the ontology that describes
the functionality of such sequences and categori-
zation and statistical analysis of the corresponding
associations).

This paper is divided in two sections. In the first
section we describe the software working way. In
the second section we have made an evaluation of
MAFA using various datasets.

METHODOLOGY
General description

MAFA is a free online bioinformatics tool that has
been optimized to carry out functional annotation
processes over large numbers of nucleotide se-
quences (genomes and transcriptomes). Moreover,
MAFA includes additional tools to perform catego-
rization and statistical analysis of the correspon-
ding sequence-ontology associations. MAFA is
intended to operate by a web interface making the
functional annotation a simple process (almost in-
tuitive) for biologist.
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Architecture

MAFA consists of 4 modules that constitute a work
flow. In order to run and integrate the modules, it
is necessary to use additional tools that apply to all
modules. Figure 1 shows the 4 modules together
with the work flow and the cross-module applica-
ble tools.

Local BLAST
Server (LBS)
Search similar

Gene Ontology
Analyzer (GOAN)
Categorizes the
GO terms and
generates human-
readable reports

Gene Ontology
Associator (GOAS)
Associates
sequences with
GO terms

sequences in
known databases

[ Data Database Administrator (DBA) J

Pygal, Biopython, Reportlab
l Mysql, Python, BLAST, Apache
l GNU/Linux

Figure 1. Workflow for MAFA

Source: Own work.

Cross-module software components

MySQL: A relational and multi-thread, multi-user
data-base management system, also free software.
GNU/Linux: A free operating system that is suita-
ble for servers and also for running bio-informatics
tools. Biopython (Cock et al., 2009): has proposed
this free software project with various modules in-
tended to facilitate manipulation of bioinformatics
data. Pygal: Free libraries that assist the production
of graphical materials for the representation of in-
formation. BLAST (Basic Search Alignment Tool):
A tool intended to find local regions of similarity
through sequence alignment. Reportlab: A open-
source Pyton-based library that facilitates the crea-
tion of PDF-format files. Apache: A HTTP server
with free license.

Local BLAST server

This module is in charge of running BLAST (Nu-
cleotides vs Amino-acids) and also of storing the
corresponding output using the XML format. Figu-
re 2 shows the inputs and outputs of this module.
The script involved in this module is as follows:

BlastExec.py: This script orders the system to
run blastx (Sequences against Reference database)
using various cores.

Local BLAST Server I
S\
FASTA
% BlastExec.py
FASTA File with
nucleotide @
sequences [ ] =
e
= —)
Referenc —’ —
Database [“som XML File with
) alignments
=
<= NC Bﬁ
- BLAST
Refseq,
Uniprot

Figure 2. LBS-module Diagram

Source: Own work.

GO associator

This module establishes the existing associations
between the best hits, obtained from BLAST, and
the terms from Gene Ontology. These associations
are made by means of mapping tables between se-
quence identifiers and GO terms. The GOAS mo-
dule is shown in Figure 3.

Gene Ontology Associator |

BLASTXML2CSV

[
= ﬁ
XML File with
i CSV File with
alignments top hits
—_—
cEi v N
CSV File with
top hits
Query sequences
i associated with
Mappings
MvSQL Table GO terms.

=

Figure 3. GOAS-module diagram

Source: Own work.

This module involves the following scripts:
BLASTXML2CSV.py: This script selects the best
alignment per sequence (top hit) and also writes
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the new file in CSV format outputting the id from
the query sequence associated with the id of the
subject sequence with the best alignment score.

Hits2go.py: This script makes an association
between sequence identifiers and GO terms using
the mappings table provided by the Georgetown
University.

GO analyzer
[ Gene Ontology Analizer

i
Wanted parent
GO categories.

i

Query sequences

GoDistribution.py

—=
s N

-

Tabbed file

with categories
count

N
associated with csv
GO terms.
AN
0BO Association
between
GO terms
OBO File with and querys
GO Terms
relationships
—=
an I ’
B ——» [ v >

Tabbed file
with categories
count

Pie chart with
GO Distribution

Pie chart with
GO Distribution

—
o N

Tabbed file
with categories
count

—

csv.

|

Association
between
GO terms
and querys

L—
List of wanted
GO categories

PDF Report

List of
sequence IDS

Figure 4. GOAN-module Diagram

Source: Own work.

This module categorizes the GO terms accord-
ing to user’s interests. The module also counts how
many times particular input sequences appear into
the per-user categories and produces a complete
report of the results. Additionally, the module is
capable of finding sequences that belong to more
than one GO category. Figure 4 shows the internal

components of this module. The scripts involved in
this module are as follows:

GoDistribution.py: This script associates the de-
sired GO categories (desired by users) to the more
abstract GO terms; it also counts how many times
input sequences appear per desired GO category.
This process is done using the relationship of each
GO term with the corresponding parents terms,
these relationships has been downloaded previ-
ously using AmiGO browser which has been pro-
posed and developed by Carbon et al. (2009). In
figure 5 we presented an example explaining how
the more specific GO term is associated with a
more abstract term. In this case “Multicelullar or-
ganism process” will be associated with “Develop-
ment process”, “single-organism process” and
“Multicelullar organismal process” categories.

G0:0008150
Biological process

Part of

G0:0032502 GO:0044609 | [ GO:0032501
- . Multicelullar
Development Single-organism .
rocess process DIOASIA

p Y, process
Part of Part of Part of Part of

SORSSTET FGO:0044707

Single-organism

Single-multicellula

developmental i
organism process

process

G0:0007275
Multicellular
organism process

Figure 5. Example of GO association process

Source: Own work.

GraphPie.py: This script produces a circular
graph that illustrates the distribution of the categor-
ies given by the previous analysis.

CrossGOSearch.py: This script is useful to fil-
ter all the sequences that appear in various GO
categories at the same time, giving to the user the
possibility to study a gene that can be involved in
various functions at the same time.
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PdfGen.py: This script produces a human-read-
able PDF report that contains the analysis results,
this report includes a table with the counts of the
GO categories and with the pie chart of the dis-
tribution making this software a user-friendly tool.

Database administrator

This module carries out updating tasks over the da-
tabases of both sequences and mapping so that the
databases are available in the local server. This mo-
dule is presented in figure 6.

Database administrator

NCBI SWISS-PRO"
ah
[

e

FTI

Reference
Databases storec
local server

UpdateDBs.py
Mappings

%‘I’hbls
==

o AN
_—>_>

Tabbed
mappings

Figure 6. DBA-module Diagram

Source: Own work.

The elements involved in this module are as
follows:

UpdateDBs.py: Processes: a first process con-
nects to servers NCBI and Swisprot in order to
download the databases; another process gener-
ates the indices of downloaded files for BLAST, a
third process connects to the FTP at Georgetown
University in order to download a file that maps
the various types of identifiers onto GO terms.
This script also executes MappingstoDB.py script
which stores the corresponding mapping file in a
MySQL table so as to provide quick access.

EVALUATION

Dataset

We have selected a transcriptome FASTA file
from Hydractinia Symbiolongicarpus; from the

transcriptome we have selected 500, 1000, 2000,
4000 sequences randomly to do the analysis
against RefSeq Non-Redundant (Pruitt et al., 2007)
and Uniprot (Bairoch et al., (2005) protein databa-
ses, both update at May 2014; the expected value
selected for the BLAST algorithm is Te-3.

This transcriptome was selected because it is a
representative and typical example of the data nor-
mally required to annotate by the researchers from
Evolutionary Immunology and Immunogenetics
Group from Genetics Institute of Universidad
Nacional de Colombia, which are researching
for immune response of coral organisms and dis-
appearance of reefs (MAFA was developed in the
framework of this research).

Configuration

Processing Cores: 8 out of 24 from a Xeon E7450
@ 2,40GHz
Available RAM: 256GB

RESULTS

Figure 7, figure 8 and table 1 indicate that the mo-
dule requiring longer processing times is Local
Blast Server. Additionally, it can be observed that
the relation between processing time and the num-
ber of sequences is almost linear, reaching databa-
se-dependent rates of 2,7 seconds per processed
sequences (for Uniprot) and 50 seconds per pro-
cessed sequence (for Non-redundant).

Regarding RAM usage, there is direct depend-
ency on the database in use; on the other hand,
there is no dependency on the number of sequen-
ces to be processed. For Uniprot, RAM usage is
approximately 300MB, for Non-redundant, RAM
usage is 11GB.
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Figure 7. Performance results (Execution time)

Source: Own work.

Table 1. MAFA Performance analysis results

120000 -
100000 -
80000 -

60000 -

Total Time (s)

40000 -

20000 -

0
100 500 1000 2000

Number of sequences

—a&—Non redundant == Swissprot

Figure 8. Performance results (Execution time)

Source: Own work.

Module
Number of LBS GOAS  GOAN TOTAL
sequences
Databases Time )
Original '(';’AGB) Time (S) Time (S) Peak RAM Time (S)
100 459 5 1 230 465
. 1000 2451 32 12 250 2495
Uniprot
2000 4374 68 23 270 4465
4000 7691 126 20 354 7837
100 7059 201 17 9000 7277
500 24571 629 78 9700 25278
Refseq
1000 49579 1353 178 11500 51110
2000 90678 1986 303 11000 91167
Source: Own work.
CONCLUSIONS is also possible to conduct search processes in or-

MAFA is a tool that allows functional annotation
and further annotation classification provided the-
re are some given term-specific categories of Gene
Ontology. MAFA's main functions include the fo-
llowing: the generation of structured-data outputs
that advertise the amount of sequences associated
to each GO term, and the establishment of relations
between the target term identifiers of Gene Ontolo-
gy and the identifiers of the given sequences. Addi-
tionally, MAFA generates easy-to-interpret graphs
for users as well as complete PDF reports contai-
ning the results from the corresponding analysis. It

der to find sequences that are simultaneously asso-
ciated to various categories or GO terms.
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ABSTRACT

Warm Mix Asphalt (WMA) technology offers a wide
range of potential for use in road construction pro-
jects. Although the main advantage of using WMA
mixtures is environmental, there are also notewor-
thy technical and economic benefits. This paper dis-
cusses results for the laboratory evaluation of WMA
mixtures and their subsequent comparison to tradi-
tional hot mix asphalts (HMA). WMA and HMA mix-
tures of nominal maximum aggregate size of 25 mm
were employed in this study. The WMAs were ob-
tained by means of a liquid chemical solution that
foams the asphalt binder AC 60-70 (PG 58-22). As-
pects studied include strength under monotonic and
dynamic loading. Additionally, a battery of tests was
performed: Marshall, resilient modulus, permanent
deformation and indirect tensile strength. The resear-
ch herein leads to the conclusion that the WMA che-
mical additive decreases mix temperatures by 30° C,
which, in turn, translates into better mixture worka-
bility and volumetric composition. Furthermore,

Hk

WMAs display higher levels of resistance to high
service temperatures under monotonic and dynamic
loading.

Keywords: chemical additive, foamed asphalt, hot
mix asphalt, mechanical behavior, warm mix asphalt.

RESUMEN

La tecnologia de las mezclas asfalticas tibias (WMA
por sus siglas en inglés) brinda una amplia oportuni-
dad de éxito en la construccion de capas asfalticas
para carreteras. Su principal ventaja es de caracter
ambiental, aunque también ofrece ventajas técnicas
y econémicas. El articulo presenta los resultados ex-
perimentales de un estudio ejecutado con el fin de
evaluar la resistencia mecanica de una mezcla asfal-
tica tibia, fabricada empleando un aditivo quimico
liquido que espuma el asfalto. Para tal fin, se evalu6
sobre la mezcla la resistencia bajo carga monotoéni-
ca empleando el ensayo Marshall y el de traccién
indirecta, el cambio en la composicién volumétri-
ca, la rigidez bajo carga ciclica y la resistencia a la
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deformacion permanente. Como granulometria de
referencia se utilizo la de la mezcla densa en caliente
MDC-25 (INVIAS, 2013) y como ligante, cemento as-
faltico tipo CA 60-70. En conclusion, se reporta que
el aditivo empleado es capaz de reducir la tempera-
tura de la mezcla asfaltica en caliente de referencia
MDC-25 en 30°C, generando una mezcla tibia con

composicién volumétrica similar y de mayor rigidez
y resistencia bajo carga monoténica y ciclica.
Palaras clave: aditivo quimico, asfalto espumado,
mezcla asfaltica en caliente, mezcla asfaltica tibia,
resistencia mecanica.

INTRODUCTION

The four main categories used to describe asphalt
mixtures are based on the temperatures used for
their production in specialized asphalt plants: cold
mix asphalt— CMA (temperatures lower than 60°C),
half-warm mix asphalt - HWMA (temperatures be-
tween 60°C and 100°C), warm mix asphalt -WMA
(temperatures between 100°C and 140°C) and hot
mix asphalt - HMA (temperatures between 140°C
and 190°C) (Rubio, Martinez, Baena & Moreno,
2012; Rondén & Reyes, 2014). WMA mixtures,
achieved using a variety of techniques, can reduce
mixing and compaction temperatures required for
HMAs without significantly altering mechanic-
al properties. According to Bonaquist (2011) and
Sterling (2012), the minimum decrease in the mix-
ture manufacturing temperature in an asphalt plant
must be 28°C (compared to an HMA) for a mix-
ture to be designated as WMA. The reduced mix-
ing and compaction temperatures is accompanied
by a decrease in the energy required for mixture
production and a decrease in atmospheric emis-
sions (Romier, Audeon, David, & Martineau, 2006;
Kristjansdottir, Muench, Michael & Burke, 2007;
(Wasiuddin, Selvamohan, Zaman, & Guegan,
2007; Biro, Gandhi, & Amirkhanian, 2009; Tao &
Mallick, 2009a; Bonaquist, 2011). According to
You & Goh (2008), WMA mixtures generate less
pollutant emissions during manufacture and con-
struction processes regarding the HMA mixtures;
energy savings approach 30%.

Using a life-cycle assessment (LCA) model (Blan-
kendaal, Schuur, & Voordijk, 2014), report WMA

mixtures represent a 33% less negative environ-
mental versus HMA mixtures. Prowell, Frank, Os-
borne, Kriech, & West (2014) and West, Rodezno,
Julian, & Prowell (2014) reported an average reduc-
tion in mix temperature of 27°C for WMAs, which
lead to average fuel savings of 22,1%. Accord-
ing to Robjent & Dosh (2009), this fuel reduction
can be placed between 20% and 35%, but, some-
times, reaches 50% or greater. Estakhri, Cao, Alva-
rez, & Button (2009) further explain the benefits of
WMAs, this time turning to significant reductions
in CO2, SO2 , volatile organic compounds, CO,
NOx and ash; reduction levels are 30%-40%, 35%,
50%, 10%-30%, 60%-70% and 20%-25%, respec-
tively, compared to these levels for HMA mixtures.

Based on Building for Environmental and Eco-
nomic Sustainability model (BEES 4.0), Hassan
(2010) found that, in comparison to HMA mix-
tures, WMA mixtures generate 24%, 18%, and
15% less air pollution, fossil fuel consumption
and total negative environmental impact, respect-
ively. During road construction processes that rely
on WMA mixtures, worker exposuring to breath-
able fumes is significantly reduced, thus directly
improving worker health and safety as well as the
environment (Prowell et al., 2014; West, Rodezno
& Prowell, 2014).

From the perspective of aging, lower oxidation
levels are exhibited for the short-term aging of as-
phalt binders is generally reported, a product of the
lower temperatures used during the manufacture,
extension and compaction processes of the WMA
mixture; this may result in increased resistance to
fatigue, low-temperature top-down cracking (TDC)
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and oxidation (Zhao, Xiao, Amirkhanian, & Put-
man, 2012; Goh, Hasan & You, 2013; Hossain &
Zaman, 2013; Vidal, Moliner, Martinez & Rubio,
2013).

A number of studies, carried out both in situ and
in the laboratory, provide evidence that WMA mix-
tures exhibit properties comparable —and even
superior— to those of HMA mixtures (Kim, Zhang
& Ban, 2012; Tan, Guo, Xu & Zhang, 2012; Zhao,
Xiao, Amirkhanian & Putman, 2012; Behl, Kumar,
Sharma & Jain, 2013; Topal et al., 2014). Regarding
mixture use in construction, it has been consist-
ently noted that the viscosity of the asphalt binder
used to manufacture WMA mixtures is lower than
that of the binder used for HMA mixtures (You &
Goh, 2008), which results in an earlier road inaug-
urations and improved workability (Vasconcelos,
Bhasin & Little, 2010; Capitao, Picado-Santos &
Martinho, 2012; Wang et al., 2013; Goh, Hasan &
You, 2013). What is more, the additives employed
to develop WMAs allow for longer mixture trans-
port distances prior to extension and compaction
(Robjent & Dosh, 2009) and allow extension and
compaction to be performed in colder environ-
ments (Tao, Huang, Du & Yan, 2009). As a result
of these factors, WMA technology is deployed to
manufacture emergency roads in regions subject to
natural disasters(Howard et al. 2014).

Another widely reported advantage of WMA
technology comes in the form of recycling; that is,
the production of recycled mixtures, recycled or
reclaimed asphalt pavement (RAP) (Morea, Mar-
cozzi & Castano, 2012; Wu & Zeng, 2012; Doyle
& Howard, 2013; Rossi et al., 2013; Hajj, Souli-
man & Cortez, 2014; Nejad, Azarhoosh, Hamedi
& Roshani, 2014; Yu, Leng & Wei, 2014; West, Ro-
dezno, Julian & Prowell, 2014) Researchers such as
(Ameri, Hesami & Goli, 2013) discuss using tech-
nology to produce WMA mixtures with compara-
ble, or even superior, properties to those of HMA
when the natural stone aggregate is replaced by
ground-granulated blast-furnace slag (GGBS). For
a state of the art on WMA technology, readers are
directed to (Rondén & Reyes, 2015).

The WMA under study in the present paper was
made with a liquid chemical additive used to foam
the asphalt binder. The additive was introduced
during the mixture of asphalt binder AC 60-70 (ac-
cording to the ASTM D-5 penetration test) with a
performance grade (PG) 58-22. To properly assess
WMA performance, the gradation of a HMA was
used as a sort of control (HMA-25). The number
attached to the HMA represents the nominal maxi-
mum aggregate sizes of 25 mm, in line with the
specifications found in (INVIAS, 2013). Marshall,
resilient modulus, permanent deformation and in-
direct tensile strength (ITS) tests were conducted
to evaluate strength under monotonic and dynam-
ic loading, in addition to resistance to moisture
damage.

METHODOLOGY

Materials

Table 1. Characterization of aggregate and asphalt
binder

Test Method Result
Specific Gravity (Coarse ASTM D 262
and Fine) 854-00 ’
. ASTM D .
Sand Equivalent Value 2419-95 76%
o o ASTM D .
Liquid Limit, Plastic Limit 4318-00 0%
- ASTM D o
Plasticity Index 4318-00 0%
. ASTM D .
Fractured Particles 5821-01 87%
Shape - Flat Indices NLT 354-91 9,5%
Soundness of Aggregates ASTM C 12 99
Using Magnesium Sulfate 88-99a e
Abrasion in the Micro- ASTM 29 39
Deval Apparatus D6928-03 07
10% of Fines (Wet/Dry DNER-ME 83
Ratio) 096-98 °
Abrasion in Los Angeles ASTM C 24.6%
Machine 131-01 o

Source: Own work.
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Table 2. Aggregate Gradation for Asphalt Mixtures

SIEVE PERCENT PASSING
HMA-25

25,0 mm 1”7 100
19,0 mm 3/4” 87,5
12,5 mm 172”7 76
9,5 mm 3/8" 68,5
4,75 mm No. 4 51
2,00 mm No. 10 37
0,425 mm No. 40 19,5
0,180 mm No. 80 12,5
0,075 mm No. 200 6

Source: Own work.

Table 3. AC 60-70 Characteristics

. AC
Test Method Unit 0 2o
Neat Asphalt
Penetration (25° C,
100g 55 ASTM D-5 0,1 mm 65
Penetration Index NLT 181/88 - -0,7
Softening Point ASTM D-36-95 °C 52,5
Absolute Viscosity .
(60°C) ASTM D-4402 Poises 1752
Viscosity at 135°C  AASHTO T-316 Pa-s 0,36
Specific Gravity AASHTOT 228- 1,016
04

Ductility 25°C, sstm D113 cm >105
5cm/min)
Solubility in Trich- ASTM D-2042 % 299
loroethylene
Water Content ASTM D-95 % <0,2
Flashpoint ASTM D-92 °C 275
Tests on Residue after RTFOT
Mass Loss ASTM D-2872 % 0,47
Penetration of
Residue after Loss
by Heating, in % of ASTM D-5 % 72
Original Penetra-
tion

Source: Own work.

Aggregate properties are given in table 1, and
table 2 provides data related to the gradation
used in asphalt mixture fabrication. For results of

characterization tests performed on the AC 60-70
asphalt binder, see table 3. In the tables, readers
will find the acronyms RTFOT and PAV, which re-
fer, respectively, to the Rolling Thin Film Oven Test
and Pressure Aging Vessel. The former simulates
short-term aging, while the combination of the two
simulates long-term aging.

Although the actual name and properties of the
additive are not mentioned here due to a pending
technological development, select properties of
AC 60-70 modified with the additive are displayed
in figures 1 and 2. The additive, a liquid chemical
product used to foam the binder (dubbed HUSIL
by the authors), is not classified as dangerous or as
a pollutant according to the Globally Harmonized
System of Classification and Labelling of Chemicals
- GHS (United Nations Economic Commissions for
Europe - UNECE, 2013). An inorganic material that
does not ignite, HUSIL's pH value ranges between
10 and 12. Furthermore, it is not considered car-
cinogenic or teratogenic. As for HUSIL's use as an
additive, it was mixed/combined with AC 60-70 at
80°C for 5 minutes; 80°C was chosen on account
of the fact that this temperature represents that at
which the additive foams the bitumen.
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Figure 1. Evolution of the Penetration (ASTM D-5, 25°
C, 100 g, 5 s) with HUSIL/AC

Source: Own work.
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Figure 2. Evolution of the Softening Point (ASTM D-36-
95) with HUSIL/AC

Source: Own work.

Figures 1 and 2 illustrate a noticeable increase
in stiffness after 1% HUSIL is added (in relation
to the binder’s total mass). With increased stiffness
comes an increased softening point and decreased
penetration, results consistent with the rheological
characterization at high and intermediate service
temperatures using a dynamic shear rheometer

- DSR (AASHTO T 315-05). Tables 4 and 5 de-
pict rheological characteristics of AC 60-70 as-
phalt binder without additive (HUSIL/AC = 0%)
and modified with HUSIL/AC = 1%, respectively.
In these tables, G* and & denote the shear modulus
complex and phase angle, respectively. PG at high
and intermediate service temperatures of AC 60-70
was 58°C (|G*|/sin > 1,0 kPa for un-aged asphalt
binder and |G*|/sin 8> 2,2 kPa for RTOFT-aged as-
phalt) and 22°C (|G*|sin § < 5000 kPa for RTFOT +
PAV-aged asphalt), respectively.

Modified asphalt binder (HUSIL/AC = 1%)
exhibits better PG at high service temperatures
(70°C), which helps bolster resistance to perma-
nent deformation in high-temperature climates.
In the same vein, it becomes apparent that PG at
intermediate service temperatures improves when
HUSIL/AC = 1% (19° C). This is most likely attrib-
utable to the improved resistance to aging HUSIL
offers the bitumen. On a side note, rheological
characterization tests at low service temperatures
were not conducted, for the present research fo-
cused on application in tropical countries, such as
Colombia.

Table 4. AC 60-70 Rheological Characterization without Additive (HUSIL/AC=0%)

Temperature  Frequen d G* |G*|/sind | G*| - sind
[°C] [rad/s] [°] [Pa] [kPa] [kPa]
AC 60-70 not aged — Neat asphalt
58 10 87 2470 2,473 2,467
64 10 88 1002 100 1,00
70 10 89 453 0,453 0,453
AC 60-70 aged in RTFOT
52 10 83 11062 11,15 10,98
58 10 85 4276 4,29 4,26
64 10 87 1701 1,70 1,70
AC 60-70 aged in RTFOT + PAV
16 10 44 14266000 20537 9910
19 10 45 10193000 14415 7208
22 10 47 6659000 9105 4870

Source: Own work.
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Table 5. Rheological Characterization of Modified AC 60-70 (HUSIL/AC=1%)

Temperature  Frequency 0 G* | G*|/sind | G*| - sind
[°C] [rad/s] [’ [Pa] [kPa] [kPa]
AC 60-70 modified with HUSIL/AC=1%, not aged
64 10 66,5 2358,3 2,57 2,16
70 10 69 1280,5 1,37 1,20
76 10 70 888,2 0,95 0,83
AC 60-70 modified with HUSIL/AC=1%, aged in RTFOT
64 10 72,4 8685 9,11 8,28
70 10 76,3 4072 4,19 3,96
76 10 79,8 1899 1,93 1,87
AC 60-70 modified with HUSIL/AC=1%, aged in RTFOT + PAV
16 10 31,5 11700000 22392 6113
19 10 32,6 8570000 15907 4617
22 10 33,9 6150000 11027 3430

Source: Own work.

Control HMA design

After performing preliminary tests on the aggregate
and asphalt binders, five briquettes were made
(compacted at 75 blows per side using a standard
Marshall hammer) with asphalt binder percentages
of 4,5%, 5,0%, 5,5%, 6,0% and 6,5% in order to
carry out the Marshall mix design procedure (AAS-
HTO T 245-97, 04) on the control HMA (HMA-25
without additive, HUSIL/AC = 0%). Laboratory mix
and compaction temperatures were set at 140°C
and 150°C, respectively; these values were se-
lected based on the criteria established by ASTM
D6925, wherein the viscosities required to obtain
mix and compaction temperatures for dense-grad-
ed HMAs are 85+15 SSF (170 cP) and 140+15 SSF
(280 cP), respectively.

Optimum asphalt percentage was determined
to be 5,3% for HMA-25. This percentage was es-
tablished by looking at the average values for the
following four asphalt contents: (1) asphalt bind-
er content corresponding to maximum stabil-
ity and flow (S/F) ratio; (2) asphalt binder content

corresponding to maximum bulk specific gravity;
(3) flow values between 2 and 3,5 mm; (4) asphalt
binder content corresponding to designed air void
percentage boundaries in the total mixture (be-
tween 3% and 6%). Bulk specific gravities and air
void contents were measured in accordance with
ASTM D2726.

Experimental testing program

After arriving at the optimum asphalt content,
modified (HUSIL/AC = 1%, 2%, 3%) and unmodi-
fied (HUSIL/AC = 0%) HMA-25 specimens were
prepared at mix temperatures (T) of 140°C, 130°C,
120°C and 110°C. Five briquettes were made
(compacted at 75 blows per side using a standard
Marshall hammer) for each HUSIL/AC ratio and T.
The previously mentioned briquettes help account
for a handful of variables: mix temperature, HUSIL/
AC ratio and HMA type. Likewise, they allowed re-
searchers to conduct the Marshall tests. Procedur-
ally speaking, the additive was combined with the
asphalt binder (AC 60-70) during aggregate and
bitumen mixing.
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The HMA control mixture (without additive,
HMA-25, HUSIL/AC = 0%, T = 150°C) and the
WMA mixture (with additive, WMA-25, HUSIL/AC
= 1%, T = 120°C) were analyzed using resilient
modulus tests (ASTM D 4123-82) at three differ-
ent temperatures (5°C, 15°C and 40°C) and load-
ing frequencies (2,5 Hz, 5 Hz and 10 Hz). Thus,
stiffness under dynamic loading could be assessed.
Together, the mixing temperature (120°C) and ratio
HUSIL/AC = 1% for WMA were chosen with an
eye towards decreasing the temperature needed
for HMA by 30°, as well as taking modified asphalt
binder characteristics and Marshall test results into
account. In addition, permanent deformation tests
(Spanish NLT-173-00 regulation) were performed
at 60°C with a contact pressure of 900 kPa. Both
tests were run on the control HMA (HUSIL/AC =
0%, T = 150°C) and the WMA (HUSIL/AC = 1%, T
= 120°C). Each resilient modulus test was carried
out on nine samples (three for each temperature),
while the permanent deformation tests were done
on a total of three samples.

ITS (ASTM D 4867/D4867M-96) was tested to
evaluate resistance under monotonic loading for
the HMA (HUSIL/AC = 0%, T = 150°C) and WMA
(HUSIL/AC = 1%, T = 120°C). Furthermore, ITS
testing helped determine resistance to moisture
damage by measuring wet/dry tensile shear ratios
(TSR) expressed as percentages. Six samples for
each HMA and WMA with air void percentages of
7+1% were tested (12 samples in total). Of the six
samples for each mixture, three were tested in a
dry state and three in a wet state (the target degree
of saturation was 75-80%).

RESULTS AND DATA ANALYSIS

Data related to air voids and the Marshall S/F ratio
(Marshall Quotient — MQ in kg/mm) are shown in
Figures 3 and 4. Figure 3 provides evidence of a
typical increase in air voids inversely related to mix
temperature; an inverse relationship of this nature
often indicates diminished workability (i.e. greater

difficulty to compact mixtures) brought about by
increased binder viscosity. However, the additive
boosted sample compactability, and reduced air
voids. As the additive foamed the asphalt binder, it
facilitated the coating of aggregates and binder. In
addition, greater resistance under monotonic load-
ing (S/F) was observed when HUSIL/AC = 1% (Fig-
ure 4). The increase in the Marshall S/F ratio was
the work of the stiffer modified asphalt binder due
to the additive’s application (see Figures 1 and 2,
tables 4 and 5). Not only did the additive increase
binder stiffness, but it also enhanced mixture
workability compactibility and led to less air voids.
When HUSIL/AC = 1% was used and the mix tem-
perature reduced by 30°C (from 150°C to 120°C),
WMA-25 developed resistance under monotonic
loading (S/F) similar to that of the control HMA-25,
with the latter group relying on a mixing temper-
ature of 150°C, air voids between 4% and 6% and
the HUSIL/AC ratio at 0%.
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Figure 3. Evolution of Air Voids for Modified (HUSIL/
AC = 1%, 2%, 3%) and Unmodified (HUSIL/AC = 0%)
Mixtures

Source: Own work.

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 ¢ Vol. 18 - Special Edition Doctorate ® December 2014 © pp. 97-108
[103]



Mechanical resistance of a chemically-modified warm mix asphalt

Hugo Alexander Rondén Quintana, Wilmar Dario Fernandez Gémez

----- HUSIL/AC=0%
—e—e HUSIL/AC=1%
m—a—a HUSIL/AC=2%

»—=—a HUSIL/AC=3%

S/F |kg/mm]

110 120 130 140 150
Mix temperature [° C]

Figure 4. Evolution of Stability and Flow Ratio for
Modified (HUSIL/AC = 1%, 2%, 3%) and Unmodified
(HUSIL/AC = 0%) Mixtures

Source: Own work.

Figures 5, 6 and 7 furnish readers with infor-
mation regarding the evolution of the resilient
modulus. WMA mixtures (HUSIL/AC = 1%, mix
temperature T = 120°C) saw resilient modulus in-
creases compared to the control HMA mixture
(HUSIL/AC = 0%, mixing temperature T = 150°C)
for temperatures of 5°C, 15°C and 40°C. This dem-
onstrates that the WMAs are better suited to resist
permanent deformation. Figure 8 encompasses rut-
ting performance results. Based on all rutting data
measured, WMA mixture proved to be a better
choice than the control HMA mixture. On account
of the simultaneous interaction between stiffer
modified binders and better aggregate interlock
(less air voids) in WMAs, it should come as no sur-
prise that WMA-25 mixture lasted until 120 min-
utes for the rutting test, with 3 mm less rut depth
than the control HMA-25 mixture.
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Figure 5. Evolution of the Resilient Modulus at 5°C
(HMA-25 and WMA-25)

Source: Own work.
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Figure 6. Evolution of the Resilient Modulus at 15°C
(HMA-25 and WMA-25)

Source: Own work.
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Figure 7. Evolution of the Resilient Modulus at 40° C
(HMA-25 and WMA-25)

Source: Prepared by authors.

Table 6. Resistance to Moisture-Induced Damage
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Figure 8. Results for Permanent Deformation Test
(HMA-25 and WMA-25)

Source: Own work.

Sample Condition

Mixture A"[z//:}'ds Standard TSR[((%]/ S1)
Dry ST Moist S2
[kPa] [kPa]
HMA-25 (HUSIL/AC = 0%, T=150°C) 6,8 AASHTOT 2785 2109 75,7%
WMA-25 (HUSIL/AC = 1%, T=120°C) 6,6 283-03 2811 2276 81%

Source: Own work.

Table 6 contains information on resistance to
moisture-induced damage. The ITS test results
showed no significant difference between the
HMA and WMA mixtures. In the unconditioned
state (dry), the control WMA developed slightly
greater ITS under monotonic loading. Additional-
ly, the WMA had higher TSR and improved mois-
ture damage resistance, i.e. neither additive had
any detrimental effect on susceptibility to water
even though the mixtures were produced at lower

temperatures. Moreover, the WMA mixture had the
highest ITS in a conditioned state (wet). Therefore,
the higher tensile strength values of WMA mixtures
can be attributed to the tensile modified binder’s
performance.

CONCLUSIONS

The present study evaluates a WMA mixture by loo-
king at its mechanical strength under monotonic
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and dynamic loading and resistance to moistu-
re damage. The WMA was prepared with a liquid
chemical additive used to foam the asphalt binder.
In order to assess experimental WMA performan-
ce, Marshall, resilient modulus, rutting and indirect
tensile strength tests were carried out, and a com-
parative analysis between traditional HMA and the
WMA was performed. Armed with laboratory re-
sults, the following conclusions can be drawn:

Even when additive content is low (HUSIL/AC =
1%), significant changes are generated in the bind-
er’s properties: stiffness and PG increase at high
service temperatures. Additionally, PG at inter-
mediate service temperatures exhibits improve-
ment when HUSIL is used.

HUSIL significantly reduces mixture temper-
atures (by 30°C). It is worth noting that additive not
only lowers temperatures and improves workabil-
ity in the compaction process, but it also stiffens
the asphalt binder.

Based on results from Marshall, resilient mod-
ulus, rutting and ITS tests, it can be said that the
WMA mixture (mixed at 120°C) displays greater
resilient modulus numbers, as well as strength un-
der monotonic loading, versus the control HMA
mixture (T = 150°C) at high service temperatures.
Furthermore, WMA mixtures exhibit slight im-
provements in terms of resistance to moisture dam-
age and rutting (when compared to control HMA).
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INTRODUCTION

The scientific investigation has a method, and this
one has, your approaches and exceptions as well
as your dimensions, with the possibility of using
one or another way of the method. When an in-
vestigation is done in the technological field, it is
necessary to use technological strategies, which
validate the results obtained across a software de-
velopment of software;. This article they presents
the results of the utilization of the Unified Lan-
guage Unified of Shaped UML (Bolanos, Gonzaa-
lez, Sanjuan & Easter, s. f.) to shape the graphs
of case of use, sequence, of class and activities
with support in the tool named Coloso (Bolafios,
Gonzalez, Sanjuan, & Pascual ) (Bolanos, Medina,
& Carrion, LACCEI, 2011).; Thise paper presents
an analysis relationing the Engineering software
(IS) using the Language of Shaped of Processes and
Methodologies of Software [LMMPS] (Bolanos,
Medina & Carrién, LACCEI, 2011). The approach
to realizing carry out will combine the investiga-
tion and technology, with IS technics of the (IS).

LANGUAGE MODEL AND
METODOLOGIC PROCESS OF
SOFTWARE (LMMPS)

The concepts of grammar are described to cons-
truct words of a certain language. The intention aim
is generating a vocabulary of expression for the fra-
me of a (SC).

1) The gGrammar with phrases structure consists
of a vocabularyV, a subset T of V formed by the end
effectors and initial symbol S of V - T and a set P of
productions (Bolafos S., 2014; Rosen, 2004).

2) The vVocabulary (V) is a finite set and non-
empty, the elements are called symbols, where a
word onV is a finite chain of elements of V (Bolanos
S., 2014; Rosen, 2004).

It is necessary to define the language generated
for G, L (G)

For a consistent set of aspects where loT (Inter-
net of Things) is, the Internet of the things and FW

(Framework) is the working space or referential
frame.

Therefore, if WSN SC are elements of the set
FW;, then, because each element of C sublies is
contained in loT.

loT is a function of FW, (Framework) SC, (Smart
Cities),and WSN (Wireless Sensor Networks),
where it is possible to verify and validate. Wifhere
IM is defined as Internet in Movement.

Next, it presents a general graph of the services
classification, in the top part appears (loT), which
wraps the (FW), the (SC) and (WSN). The structures
WSN sublies before the (SC) and this one sublies
before the (FM), which forms a part integral of (loT).

IoT

Figure 1. Integration and perspective of Smart Cities
(SC) and loT

Source: Author.

PRECEDENTS AND CURRENT STATE OF
THE ART

The conceptual development of this project is ne-
cessary to understand four big components: (loT),
( FW), (WSN), (SC); the comprehension and dee-
pening of these subject matters, the props of this
offer, will depend ofn the design that is achieved
in a great extent with the success of the same one.
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Internet of the (IoT)

Defined as a global infrastructure based on stan-
dards and communication protocols where the
physical and virtual "things" are equally integrated
with the network information. Important and es-
sential part of loT are the sensors (Vergara Carabe-
no & June, 2013).

Framework (FW)

A frame of reference is used as a development pat-
tern of an application, though it is a wide defini-
tion, this designation because it can remove the
different levels of software development (Ffor a
complete application defined, application web,
until focusing in an unique aspect, user interface)
(Cavaness, 2003), being versatile without requiring
a language of programming. [FW] is defined also
as a set of bookshops, designed to give support in
the development of sites generating the construc-
tion of any web application (Lyman, 2009). A [FW]
facilitates with common activities realized carried
out during the development of the application
(Brandon & Brandon, 2008).

Some characteristics are evaluated in the table 1:

Table 1. Characteristics are evaluated in the selection
of Framework (FW)

FEATURES DESCRIPTION AUTHORS

has as purpose recog-

nize the requirements
Domain and concepts that the
(FW): (FW) needs

(Shafer, Prieto, & Mat-

sumoto)

FW Support and securi- (Bae, 2014) (Ras-

Security FW . . mussen & Dara,
ty in the infrastructure 2014).
(Ahamed, Mil-
Interopera-  Interact with other waukee, & Pezew-
bility platforms ski, 2004) (Jin Oh

& Youl Park, 2014)

Source: Own work.

The Framework (FW) design is necessary to
take in mind allowing total access and control at
sensors network, for any device with connectivity.

Wireless Sensor Network (WSN)

WSN are networks for small nodes that working
to obtain a common objective with resources of
accused and computation limited. In the begin-
ning of this evolution, the nodes were big distant
stations, spatially and the communication would
take place across an infrastructure wired up (Akyil-
diz, Weilian, Sankarasubramaniam, and & Cayir-
ci, 2002). Since then different investigations have
been developed in order to improve of the sensors
in caps: physic, link and network optimizing for
the processes of transmission with the objective,
diminishing the energy consumption (AUTELSI
(Association), 2006). Nowadays, the communica-
tion is wireless and when exists an exchanges of
information between nodes conforms a networks
(Hao, Xue, Yan, and & ChunLi, 2012). It is neces-
sary to take control that supervises the connections
between the net, as the information is caught by
the sensors networks; in general, the information is
bidirectional for user to the net and vice versevice
versa. This scheme is shown in Figure 2.

Control Center

Network
Mobile User

Figure 2. Basic scheme for a WSN

Source: Own work.

Some considerations to bearing in mind for de-
signinged a WSN are described in table 2.
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Table 2. Considerations to bearing in mind for
designinged a WSN

Characteristics: Definition:

Some nodes sensors can fail or be
blocked due to the lack of energy,
or to receive physical damages or
environmental interferences. The
failure of nodes sensors must not
compromise the global function
global in the net of sensors.

Tolerance for failures

Scalability. The designs must be capable of
working with a number of nodes
in order of hundreds, thousands,
and depending onf applications,
millions. Also take in mind the
high density, which can take have
relation to some hundreds of no-
des sensors in a region that can be

minor than 10 meters by diameter.

Provided that the sensors ne-
tworks consist of a great number
of sensors nodes, the cost of an
individual node is very important
to justify the complete cost of the
network.

Costs of production

The topology can suffer changes
due to function mistakes, involun-
tary changes in position of nodes
sensors, interferences with objects
for the environment. Later, it is
possible to precede methods like
repair, substitution or amplifica-
tion at network.

Topology

The sensors networks meet are af-
fected for the environment. Nor-
mally they are opened in remote
areas, the difficult or impossible
access being nearby or inside with
phenomenon where wants to be
measure.

Environment

A sensor network is constituted
for four basic components: sensor
unit, a processor, transmitter, and

Hardware limitation

energy unit.

Source: Own work.

Authors whom works in this topics are: (Liyan-
age & Marasinghe, (2013), (Kehua, Jie, & Hong-
bo, (2011), (Elmangoush, Coskun, Wahle, &
Magedanz, (2013), (Karnouskos & de Holanda,

(2009) (Chourabi, y otroset al., (2012), (Chaonan,
Liudong, Vinod, & Yan Lindsay, (2014).

Smart City (SC) and Digital City

Knowning as Digital or Intelligent City, is consi-
dered as an city “intelligent"” city when the in-
vestments in the human and social capital, and a
traditional infrastructures in a traditional commu-
nication (transport) and modern (ITC), they foment
an economic development and a high quality of
life, knowing the management of natural resour-
ces, across a participative government (AUTEL-
SI (Association), 2006) (Hao, Xue, Yan & ChunlLi,
2012) (Liyanageand Marasinghe, 2013).

Digital city: is a virtual space of interaction be-
tween all the actors whom take part in the life of
a city, citizens, companies, administrative, visitors,
- using the support of the electronic and the in-
formation, and communication technologies and
communication (TicsICTs), offering the above men-
tioned actors, the access like an innovative way of
relation and communication, across the channel
that they choose, in any moment and place (Kehua,
Jie & Hongbo, 2011; EImangousch, Coskun, Wahle
& Magedanz, 2013; Kamoouskos & Holands, 2009;
Chourabi et al., 2012).

PROBLEM DEFINITION

The high consumption of electrical energy with in
the big cities and every time scanty generation of
the same one, generating a crisis in the energetic
sector; it is not enough to create saving policies,
saving but also it is necessary the implementation
of intelligent networks that allow manage the ener-
getic saving (Krishnamachari & Ordénez, 2003).
Some disadvantages could be nowadays exists and
is related to the energy consumption.
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METODOLOGY:

Metaprocess definition:

“The significant problems we have cannot be sol-
ved at the same level of thinking with which we
created them”. Albert Einstein.

For the development of reference frame was
used UML that is a language that allows shape,
construct and document the elements that form
a system in object orientated software.; iln the
present article - there will develop the model of
software Metaprocess (Bolanos, Gonzalez & Easter,

s. d.; Bolanos, Medina &Carrién, LACCEI, 2011).
The Metaprocesos (Gracanin, Eltoweissy, Olariu &
Wadaa, 2004), is defined as process models who
which are going to serve as referential frame, and
they help with a graphical scheme of representa-
tion. Three big processes are distinguished: man-
agement, structure and innovation.

The process management, is shaped by the strat-
egy, organization, production and documentation.
In Coloso is possible to estimate in a graphical and
pedagogic way 3 processes that shape a Metapro-
cess. (figure 3).

2‘ metaproccess
management process structuration proccess
@ estrategy @ architecture
@ organization @ guidelines
(@ production {@ roadmap
| & documentation ] | @ contribution |
innovation proccess
(& comunication
@ problems
(@ improve
L @ knowledge i)

Figure 3. Metaprocess from Coloso software

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

As a strategy, the holistic looks about problem
and the hypothesis; the strategy or process select-
ed RUP (Rational Unified Rational Process) (Peng,
Wang, Have & Zhao, 2012), the life cycle is usesd
in cascade (Royce, 1970), allowing the generation
of a software in an UML environment UML, de-
sign, develop and visualize processes;, simplifying
the complexity of the designs, processes and cre-
ating a development without equally. The process
RUP assigns tasks and responsibilities,; shaped
by the strategies: business models, requirements,

analysis and design, implementation, checking,
between among others.

Additionally, the RUP administrates the re-
quirements, which are dynamic during the pro-
ject, develops the iterative software, develop sand
the software visually, evaluates the system quality
with regards to the functionality, uses an architec-
ture based on components and establishes repeti-
tive processes to manage the changes of software
(Flérez, 2009; Abranson, 2002; Kasaju, 2013) This
process is shown in the Figure 4 shows this process.
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Figure 4. Methodology RUP
Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

For the particular case that occupies us, the
model of business is represented in Figure. 4.

Candidate

Figure 5. Use case activities

Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

The use case, describes the general activities in
the development of the (FW)] for - SC - (Elman-
goush, Coskun, Wahle & Magedanz, 2013). Three
actors decided the Ph.dD candidate, the direc-
tor and judge, where are represented the general

activities that will allow to develop and give solu-
tion to the project;, this one is composed for five
activities:, formulation, adjustments, design, im-
plementation, tests and socialization for the results
in the academic community.
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The following provides developments of the for- ~ who will find be resisted. These processes are
mulation activity, in which the thesis taking part ~ shown in the Figure 6 shows these processes.
in problem approach and investigation hypothesis

Sequence Diagram: SD Formulation J

% problem hypothesis

RIRIRIRSE IRSRIRTASERLS

Candidate |
| 1 o definition():void

2 o formulation():void

Figure 6. Problem and hypothesis formulation

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

Taking again the Sstrategy about Metaprocess, developed in a Frame of Reference for Intelligent
begins the specification of the activities, which Cities controlling a sensor wireless network in
will be orientated to project objective, which is Smart City applications,. tThis allows the energetic

saving, ias shown in figure 7.

Candidate Director
Techniques addressed:
WSN, Framework, Smart-City. | —
- -
{_Revision of the initial model )

H__Suggestions about methodological model )

AN
(USmudation ) me=srement of Statistcs
energy saving T

Figure 7. Developing activities about methodology

Source: Bolafios, Gonzalez, Sanjuan, & Pascual.

In the project developing of project are definite  the art state condition, including the approached
two actors:, the director and the candidate Ph.D; subject matters (WSN), (FW) and (SC). Once the
with the following function review the state of  previous task has been realized carried out and
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agreement with results obtained, it will be decid-
ed, by mutual agreement, a specific methodology
to identify the methodological offer that will in-
clude the suggestions realized given by the direc-
tor, the bidder will realize carry out part of design
in a model (FW) who will be used in the simu-
lations accomplishment and statistics which have
information about energy consumption in homes
respect to the level; the contrasting results will be

realizedmade. This point is important because here
culminatingends the traceability reached by the
director; later, results obtained will socialize previ-
ous approval by the director.

The activity appears the contrasts Figure 8 in
which present the results, conclusions and con-
fronts with the judge for your checking. This activ-
ity is conducted through checking the hypothesis
of investigation.

Verification activities |

Preparation of

Figure 8. Verification activities and conclusion

Source: Bolaios, Gonzalez, Sanjuan, & Pascual.

STUDY OF AN APPLICATION OF
ENERGY SAVING AT HOME AND
FORECAST

The first forecast, the home energy consumption
performed measurements of 50 home conformed
by 4 persons who consumed around 4-6 kWh per
day, there were extracted from the samples to be
included in the Autoregressive Integrated Moving
Average (ARIMA) model (Pulido, 2001). Mathe-
matical models are a class of stochastic processes
used to analyze time series is dueaccording to Box
and Jenkins model., wWe used a GRETL free sof-
tware, which to analyzed the statistical behavior
and represented through a graphical interface will
be used.

Table 3. Sample for 50 real home user’s from Codensa

Day kWh-Mount  kWh-day Variation
0 157 5,2
1 190 6,3 33
2 165 5,5 -25

3 171 5,7 6
4 180 6,0

5 175 5,8 -5

6 169 5,6 -6
7 173 5,8 4

8 161 5,4 12
9 152 5,1 9
10 188 6,3 36
11 165 5,5 -23
12 194 6,5 29
13 199 6,6 5

14 174 5,8 25
15 160 5,3 14
16 159 5,3 -1

17 152 5,1 -7
18 164 5,5 12
19 167 5,6 3

20 186 6,2 19
21 147 4,9 -39
22 180 6,0 33
23 158 5,3 22
24 169 5,6 11
25 175 5,8 6
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26 149 5,0 -26 38 181 6,0 -52
27 172 5,7 23 39 141 4,7 -40
28 189 6,3 17 40 112 3,7 29
29 171 5,7 -18 41 145 4,8 33
30 166 5,5 5 42 193 6,4 48
31 190 6,3 24 43 103 3,4 -90
32 174 5,8 -16 44 111 3,7 8
33 197 6,6 23 45 207 6,9 9%
34 149 5,0 -48 46 195 6,5 -12
35 182 6,1 33 47 161 5,4 -34
36 204 6,8 22 48 217 7,2 56
37 233 7,8 29 49 193 6,4 24
50 133 4,4 -60

The Table 3 data kWh-day for 50 home user’s,

are represented in the following GRETL graphic:

Y

KiWh_da

8

7.5

7

6.5

6

5.5

s

a.s

Source: Own work.

10

Figure 9. Time series original function in GRETL

Source: Own work.

20

After analyzing the statistical behavior, it is ne-
cessary to take the first difference occursas shown
in the Figure 10:

¥

4_kWh_da

30

40

so

-2

-3

10

Figure 10. Plot time series function and his first

derivate

Source: Own work.
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Autocorrelation function foxr

Figure 11. Correlogram values, about ACF (Auto Correlation Function) point and PACF (Partial Auto Correlation

Function)

Source: Own work.
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Figure 12. Correlogram time series function ACP and PACF

Source: Own work.

This difference gives the graph of its Correlo-
gram, which has ACF (Auto Correlation Function)
point and PACF (Partial Auto Correlation Function)
points.

To perform observation users are taken as sam-
ples 40 crews is 80% and 20% is left to perform
the prediction is shown in figure 12 Correlogram.

According to the coefficients obtained from the
autocorrelation functions and partial autocorrela-
tion prediction models based on the coefficients p
(Rho) AR(2) = -0,.3664 , q1 g2 MA(2) = -0, 4503,
and g2 MA(7) = -0, 2355, with and their ARIMA
model combination ARIMA (2,1,2) from the equa-
tion 1:

(1-0.3664L)(1-L)Y, = (1-0,4503L-0,2355)u, (1)

Figure 13. ARIMA Model | (2.1.2) function evaluation

Source: Own work.
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d_k<wh_day
forecast

25

Figure 14. Graph ARIMA model 1 Forecast prediction

Source: Own work.

30

35

From the data provided in Figure 14 may func-

tion prediction plot for 50 samples in red differen-
tiated function is presented and the corresponding

forecast.

d_kWh_day
21 0.633332
22 -1.300000
2 1.100000
24 -0.723333
25 0.366667
26 0.200000
27 -0.866€67
28 0.7666€7
280 0.5666€7
20 -0.600000
a1 -0.166€67
32 0.800000
22 -0.523333
24 0.7666€7
as -1.600000
26 1.100000
27 0.733332
28 0.9666€7
£ -1.723333
40 -1.323333
41 -0.966€67
a2z 1.100000
42 1.600000
44 -3.000000
45 0.266667
46 2.200000
47 -0.400000
48 -1.123333
49 1.8666€7
s0 -0.800000
s1 -2.000000

Figure 15. Model | ARIMA (2,1,2) function evaluation

Source: Own work.

From the data provided in the Figure 15 may
function prediction plot for 50 samples in red
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The Figure 15 presents the exact data for the dif-
ferentiated function and data for function predic-
tion also calculated the RMSE (Root Mean Square

Error):

Forecast evaluation statistics

Mean Error

Mean Squared Error

Root Mean Sguared Errox

Mean Absolute Exrror

Mean Percentage Error

Mean Absolute Percentage Error
Theil's U

Bias proportion, UM
Regression proportion, UR
Disturbance propertien, UD

@ o

o ook

.017594
.9804
-7264
.4€69
1.383
1.3%02
.08sse

oo01038€

.0060519
.99384

differentiated function is presented in the Figure
16 red and the corresponding forecast.
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d_variationMHz
forecast ———

Users

Figure 16. ARIMA second model graph and forecast prediction

Source: Own work.

The Figure 17 presents shows the exact data for
the differentiated function and data for function
prediction also calculated the RMSE (Root Mean
Square Error):

d_variation prediction Forecast evaluation statistics

2009-09-18 -55.00 -27.00 Mean Error -9.3269
2009-09-19 33.00 9.79 Mean Squared Error 1272.2
2009- 09- 20 -5.00 -6.26 Root Mean Squared Error 35.668
2009- 09- 21 -32.00 -15.04 Mean Absolute Error 34.434
2009-09-22 49.00 29.02 Mean Percentage Error 63.638
2009-09-23 -6.00 -20.72 Mean Absolute Percentage Error 63.638
2009-09-24 -35.00 -34.32 Theil's U 0.30464
2009-09-25 13.00 16.48 Bias proportion, UM 0.06837¢
2009- 09- 26 29.00 15.16 Regression proportion, UR 0.35904
2009- 09- 27 -40.00 -29.41 Disturbance proportion, UD 0.57258
2009-09-28 39.00 10.83

2009-09-29 -71.00 -21.16

2009-09-30 81.00 54.10

2009-10-01 -11.00 -21.07

2009-10-02 7.00 -43.79

2009-10-03 -81.00 -44.69

2009-10-04 12.00 61.29

2009-10-05 11.00 81.02

2009-10-06 62.00 56.34

2009-10-07 15.00 -34.02

2009-10-08 -138.00 -82.08

2009-10-09 98.00 96.58

2009-10-10 88.00 27.74

2009-10-11 -108.00 -136.98

2009-10-12 -22.00 -29.80

2009-10-13 90.00 52.34

2009-10-14 -80.00 -58.22

2009-10-15 -36.00 7.87

2009-10-16 94.42

Figure 17. Model to data for function prediction |

Source: Own work.

UML diagrams carried out

 Casos de Uso

mCasos de Uso

m Activades = Activades

m Estado m Estado

mClase W Clase

m Secuencia M Secuencia

u Flujo » Flujo

¥ comprobacién m comprobacion
Componentes Componentes

Figure 18. UML diagrams results from Coloso
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RESULTS

In the graphs Figure 18 appears the percentage
used from UML perspective;, the approach was
guided by percentage of utilization, which was
77 %, versus the total graphs of UML language, as
well as the use diagram disaggregated thatis 11 %.

The ARIMA models have been applied to pre-
dict the behavior energy consumption in home,
from a growing number de of peoples in a city,
respectively. The Figures 12 and 13 corresponds
to the Autocorrelation function for ACF, PACF. Be-
havior prediction is similar and is in agreement
with the data included for the 50 samples submit-
ted monthly consumption in households. Thus it
is possible to make predictions much larger and
that they are commensurate with the energy sav-
ings that can be estimated in the future near future.

CONCLUSION

A formal investigation process, can be realized ca-
rried out using IS's methodology, with Coloso pro-
tocol A key search is utilization of approach based
on independent components from technology, ac-
companied along with of a methodology that faci-
litates the model interpretation combines the (IS)
with our offer. The mixed investigation methodolo-
gies and generating models software (IS) who whi-
ch explain the problem.

The integration of software engineering UML
diagrams and modeling engineering problems
based on efficient as those used by software de-
velopers methodologies, can integrate these aspects
with problems related to smart cities., iln our case,
to predict consumer behavior of electrical energy in
homes and predicting them in and near future and
thus achieving create predictive models of behavior.
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ABSTRACT

Transport systems as components of mobility systems
have become key elements for the development of
cities. However, most efforts have been made to im-
prove on motorized transport systems, leaving out
the non-motorized ones including the pedestrians.
Lately there has been a clear trend worldwide regar-
ding awareness about the importance of walking to
raise levels of quality of life, especially in cities. This
phenomenon, coupled with the shortage of parking
in relation to the amount of vehicles, fuel costs, and
other considerations has shifted attention to pedes-
trian systems. This paper presents a discussion of the
context in which pedestrian systems are immersed,
how they are defined, what is their significance, how
they are designed and finally, concludes on what is
the trend in their representation and what are the
“gaps” or lacks in modeling of these systems. This
paper concludes that there is a tendency to analyze
pedestrian systems with a microscopic vision and to
neglect their recognition as transport systems.

*k

Keywords: Computational cultural modelling,
Sociotechnical systems, System analysis and de-
sign, System identification, Urban development.

RESUMEN

Los sistemas de transporte como componentes de
los sistemas de movilidad se han convertido en
elementos clave para el desarrollo de las ciuda-
des. Sin embargo, la mayoria de los esfuerzos se
han enfocado a mejorar los sistemas de transpor-
te motorizado, dejando de lado a los no motori-
zados, como el sistema peatonal. Recientemente
se nota una clara tendencia en todo el mundo
con respecto a la concientizacién sobre la im-
portancia de caminar para elevar los niveles de
calidad de vida, especialmente en las ciudades.
Este fendmeno, unido a la escasez de estaciona-
mientos con respecto a la cantidad de vehiculos
y gastos de combustible, entre otros, ha despla-
zado la atencion hacia los sistemas peatonales.
Este articulo presenta una discusion del contexto
en el que estan inmersos los sistemas peatonales,
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cémo se definen, cudl es su significado, la forma en
que se disefian y, finalmente, se analiza la tenden-
cia en su representacion y las “brechas” o caren-
cias en el modelado de estos sistemas. Se concluye
que existe una tendencia a analizar los sistemas

peatonales con una vision microscépica y descui-
dar su reconocimiento como sistemas de transporte.
Palabras clave: analisis y disefio de sistemas, De-
sarrollo urbano, Identificacion de sistemas, Mo-
delamiento computacional de la cultura, Sistemas
sociotécnicos.

INTRODUCTION

The fast urbanization has also raised traffic den-
sities in the cities. As a consequence, people and
transport currier have been pushed to demand on
trip time to reach their destination. That traffic has
taken the attention of public and private authorities
in the developed as well in the developing coun-
tries (Carsten, Sherborne & Rothengatter, 1998),
because the intensification of urban life and the
markets, transport has become an inherent sys-
tem to humans. This phenomenon has moved in-
ternational organizations that are coming together,
combining efforts to make joint analysis in sear-
ching for solutions for the design of public policies
in order to support the development that can reach
the needs of cities, regions and countries.

The transformations in the urban environments
have made people use different transport modes,
including pedestrian transport, an intrinsic alterna-
tive to human beings, which has gained especial
attention because of its contribution to the stan-
dard of living in cities. As a result, both research-
ers and planners have proposed discussions and
studies on the issue in order to deliver ideas to
support decision-making processes on public poli-
cies and planning. This paper aims to give an over-
view of the context in which pedestrian system is
presented, as well as its definition, what is its im-
portance, how they are conceived, what means
its representation. The conclusions lead with the
trends for the representation of pedestrian systems
in the transport network and point out the possible
“gaps” where planning need to work on proposing
advancements for pedestrian systems.

TRANSPORT SYSTEMS

OECD and the International Transport Forum es-
tablished a Joint Center for Transport Research in
2004 in order to investigate all means of transport
to support policymaking in member countries and
contribute to the ministerial meeting of the Forum
(OCDE, 2011). Furthermore, the European Union
mentioned in their announcements that transport is
without any doubts an important economic growth
factor; however, it is also associated with most of
the environmental, economic and social costs ge-
nerated today, particularly those referring to traffic
accidents. This is a reason why the World Health
Organization (WHO) declared from 2011 to 2020
the decade for the prevention of accidents and to-
gether with the Pan American Health Organization
(PAHO) adopted an action plan on road safety to
prevent injuries caused by traffic.

Definition

The Mexican Institute of Transport, after doing a
broad review of the discussions on the issue, defi-
nes transport as a process, which is a set of actions
that is constantly repeated; it aims at changing the
position in space of people and/or things, that its
utility is greater than elsewhere. It is a complex
phenomenon, with special features, even also de-
pendent on different approach to analysing (Islas &
Zaragoza, 2007).

A transport system is made up of four inter-
acting elements: the infrastructure, the vehicle, the
operator and the regulations and rules. The first re-
lates to the physical basis required for the transport
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operation, such as roads, sidewalks, traffic lights
or roundabouts (Transit Cooperative Research Pro-
gram, 1999); the vehicle is the mechanism that
allows the transfer of people or things; the trans-
port operator is the person responsible for driving
the vehicle; and the last, which refers to the rules
and regulations, determines how to move from
one place to another, regulate and standardise the
operation for the actors involved in the transport
services (Transportation Research Board, 2000).
The traffic phenomena are a consequence, among
others, of the transport operation (Islas & Zaragoza,
2007).

At the National Traffic Code of Colombia
(NTCC), traffic is defined as the movement of
people, animals or vehicles on a public or private
road, opened to the public. Transport is defined as
the movement of people, animals or things from
one point to another using a physical basis to move.
Based on that, it can be assured that one moves
on traffic when a transport mean is available, but
it is also possible to move without transport. In
general, transport is multimodal, multi-sectorial,
multi-problematic and multidisciplinary (Transpor-
tation Research Board, 2000). It can be said that
a transport system is what allows the movement
of people or things, through vehicles, operators,
infrastructure and rules or regulations. Considering
this point of view, it is possible to say that one can
move when a type of transport is available, but also
one can move without transporting anything.

Transport representation

The transport modelling refers not only to the es-
timated demand of users who want to move from
one place to another in the city, but it is necessary
to consider its complexity, involving other varia-
bles like actors and events (Duarte, 2011). Additio-
nally, the costs and externalities generated for users
and operators (Novaes & Gongalves, 1996) must
be considered. Moreover, it might be seen not so-
lely as a phenomenon in which the object of study
is the action of users group of a transport system,

but it involves institutions, regulations and even
cultural aspects that directly or indirectly affect the
management of transport systems (Hensher & But-
ton, 2005).

Beimborn & Kennedy (1996), cited by Duarte
(2011), presented a list of steps for modelling trans-
port, whose main elements are the land use, trips
forecasts, the impacts of transport in land use, qual-
ity of life, etc. Land use has direct correlation with
transport system in the cities (Montezuma, 2000).
The modelling process makes the balance between
demand and supply for specific land use and trans-
port system (Beimborn & Kennedy, 1996). In fact,
trip forecasts are the heart of transport modelling.
Given its complexity, traditional methods divide a
study area in travel zones (TAZ by Travel Analysis
Zones). Modelling seeks to identify what are the
interactions on travel occurring between a TAZ
and other zones; therefore, the method dismiss
trips occurring within each TAZ. This means that
walking and cycling are not taken into account in
the travel arrangements correlations, what is con-
sidered a major weakness of this type of models
(Duarte, 2011). The following tools can be men-
tioned as important information technology for
the representation and simulation of transporta-
tion systems: MEPLAN, INTEGRATION, IHDSM,
TWOPAS, TRANSIMS, VISSIM, TEAPAC, AIMSUN,
HCM/Cinema, WATSIM and CORSIM.

PEDESTRIAN SYSTEMS

Urban mobility refers to the different displacement
generated within the city through networks of local
connection (Jans, 2009), that is the ability to over-
come distances in the urban spaces (Vasconcellos,
2001). According to Gongalves, urban mobility is
explained by “the movement of people and goods
in the space by using the available transport in-
frastructure and technology in order to access city
life” (Gongalves 2014, p. 264). In fact, the mobi-
lity system consists of three transport systems: mo-
torised and non-motorised vehicles, and walking
(Transportation Research Board, 2000). Pedestrian
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systems allow people to displace to access to the
different places they need in their daily life, such
as working places and education institutions (OPS-
WHO, 2011).

Furthermore, mobility systems consist of sever-
al transport systems, which correspond to each of
transport modes: terrestrial, maritime and air modes
(Gongalves & Silva, 2007). In this case, the pedes-
trian system is part of the terrestrial mode and spe-
cifically within the urban transport system, but in
general, there are pedestrians also in the rural area.

The objective of urban transport is defined in the
transport planning manual of the city of Bogotd as
aiming “permitir la movilizacién de bienes y per-
sonas en condiciones preestablecidas de precio,
confort y seguridad en el menor tiempo posible”!
(Secretaria de Transito y Transporte, 2005). These
displacements can be made with or without a
mean of transport. In fact, in the case of pedes-
trian systems, the vehicle and the transport oper-
ator may be actually associated with the pedestrian
itself. In conclusion, we can say that a pedestrian
system is a transport system that has as vehicle and
operator the pedestrian itself.

Pedestrian systems importance

In practice, as the cities become more geographica-
lly widespread, pedestrian movements also increa-
se (for example, to access mass transit systems or to
park vehicles in allowed areas). Pedestrian system
is desirable, among other reasons, to prevent high
traffic densities of private vehicles and congestions.
Furthermore, people are becoming aware that wal-
king improves their quality of life. It is also true that
in any society there are individuals whose econo-
mic conditions make walking the only option for
them to move. The growth of pedestrian movement
and volumes in certain areas of cities can cause
pedestrian congestion, affecting vehicular traffic in
interaction points of pedestrians-vehicles. In fact,

1 In English: to allow movement of goods and people under
predetermined conditions of price, comfort and safety in the
shortest possible time.

in the report on pedestrians, road safety and space
of 2011 it was highlighted the importance of wal-
king and the need for policies that promote pedes-
trian systems (OECD, 2011).

Data of 2007 shown that the adjusted mortal-
ity rate by traffic injuries in the world was 18.8 per
100,000 population, while in the Americas was
15.8 per 100,000 population (OCDE, 2011). The
numbers for the Americas point out that 39% of
people who die in the region due to road traffic
injuries are vulnerable road users (pedestrians,
cyclists and motorcyclists), while 47% are occu-
pants of motorised vehicles (OCDE, 2011). In the
United States and Canada the adjusted mortality
rates caused by traffic injuries have dropped con-
siderably in the last 30 years: the features are about
13.9/100,000 population and 8.8 / 100,000, re-
spectively. In South America, only Colombia re-
corded a decrease in the mortality rate in 10 years
till 2007; two countries in the Caribbean, the Ba-
hamas and Jamaica, have reported similar trends in
more recent periods.

Elements of pedestrian systems

The elements of pedestrian systems can be analy-
sed focussing on the levels strategic, tactical and
operational, considering the interrelation of the le-
vels and the impacts on decision of each level. At
the strategic level may initially identify infrastruc-
ture-related decisions, the budget, public policies
and regulations (Gongalves, 2014). At the tactical
level, we can identify the campaigns, fines applied
for irregularities and information. In the operatio-
nal level are essentially pedestrians relations. The
pedestrian systems elements and their decision-
making process can be identified at the strategic,
tactical and operational levels, considering that
these levels are correlated. At the strategic level it
is identified the decisions related to infrastructu-
re, budget and regulations (Gongalves, 2014). At
the tactical level are campaigns, information and
fines. The pedestrian’s interrelations can basically
be observed at the operational level.
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The abstractions of pedestrian systems made by
various authors in different publications (Venuti &
Bruno, 2007; Seyfried et al., 2006; Leden, Garder,
& Johansson, 2006) have given the instruments for
modelling at specific issues within the system, in
general supporting decision-making at operational
level. Furthermore, transport systems have certain
elements that enable their functionality and their
inner-inter relationships. These elements are essen-
tial for planning and modelling; it is what supports
the design of sustainable networks (Gongalves
& Silva, 2007; Novaes & Gongalves, 1996). The
identification of pedestrian systems elements be-
come more important considering there is a lack
of formal definition of them, despite being recog-
nized as subsystems of mobility systems. Prior to
identify and describe these elements a description
of system’s actors is considered.

People who affect or are affected (stakeholders)
by the pedestrian mobility systems are pedestrians,
decision makers, owners of public spaces and
vehicle users (motorised, non-motorised, public,
private, etc.). According to the Road Transportation
Authority (RTA), guidelines for planning pedestrian
mobility, a pedestrian is considered any person
who walks, including people who ride wheelchairs
motorised or not, that cannot travel more than 10
km/h at floor level; people pushing motorised or
non-motorised chairs, and people using recreation
tools or wheeled toys (RTA, 2002).

According to RTA (2002), decision must be
taken at the Local Governments (planning and
management authorities) who can delegate the
task of planning pedestrian mobility. For one hand,
commercial and services areas normally see as
desirable the facilities for pedestrian accessibility
to their stores and buildings. On the other hand,
vehicle users see themselves affected by the inter-
action with pedestrians through different ways,
usually associated with having to share the roads
at pedestrian crossings or violations of signalling
and traffic regulations by involved parts.

The elements of pedestrian systems structure
(the arrangement and the position of the parts

within a whole), stands out as the main framework
to a regulatory body, which is called city. The city
is responsible for developing policies, overall de-
sign and makes modifications to the pedestrian
system, seeking to ensure its sustainability, de-
velopment and evolution (Mobility Departments
or Local Councils).

The City has the planning, management and
control of mobility system, infrastructure and regu-
lations related to pedestrians. Moreover, the city is
responsible for the design and implementation of
campaigns to improve the performance of pedes-
trian system. These may be type informative (look-
ing for informing people about certain events,
features, etc.), preventive (looking for avoiding un-
desirable actions or phenomena) and corrective
(looking to change certain behaviour or trends that
is not desirable for the system).

Fines are also part of the mobility system (Ipsos
Napoleén Franco, 2012). They can be type admin-
istrative or criminal sanctions seeking to punish
non-compliance. The city conducts traffic control
(Transportation Research Board, 2000) through dif-
ferent ways even make use of the infrastructure
and regulations that might be executed by the po-
lice or traffic surveillance personal. The pedestrian
mobility has as its protagonist pedestrians, which
interact with each other, vehicles and infrastruc-
ture (Jerez & Torres, 2011) that make displacement
to almost any place. In especial, the displacements
can be classified into those that are made by pe-
destrian areas such as sidewalks; those made to
cross through permitted areas (Transit Cooperative
Research Program, 1999), such as zebra crossings;
and those made to cross not allowed areas.

The vehicular mobility has drivers and they
have vehicles. Vehicle is seen as a passive entity,
managed by the driver. Nevertheless, it has a be-
haviour that depends on its technical and mechan-
ical condition and how it is conducted. The driver
behaviour depends on the environment, people
interrelations at specific moment and the physical
place in where they are.

Infrastructure is a component of the mobil-
ity system that refers to the physical structure of a
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system. Infrastructure can be changed by the City
aiming to respond to changings of pedestrian traf-
fic (Secretaria de Transito y Transporte, 2005) or to
raise traffic safety and comfort reflected in num-
bers of accidents, fines or risks that pedestrians are
exposed. The infrastructures in the City constraint
behaviour of vehicles and pedestrians as it put re-
strictions on the physical spaces in which they
move. These restrictions seek the comfort of the ac-
tors and their safety within the framework of rules
and policies (Transit Cooperative Research Pro-
gram, 1999). In general, the infrastructure can be
divided into pathways and signalling (Jerez & Tor-
res, 2011). The first contains gazebos and bridges;
additionally, the pathways can be vehicular traffic
lanes, cycle routes and footpaths. The second, sig-
nalling, consists of vertical and horizontal signals
and traffic lights. The last component of pedestrian
system structure is regulations (Transit Coopera-
tive Research Program, 1999), which means Inter-
national, National and City regulations regarding
pedestrians and vehicles. Overall, regulations re-
strict the behaviour of pedestrians, drivers and
vehicles, at different levels, looking to generalise
and standardise this behaviour so that they can
preserve the life and comfort of the actors in the
system.

Analysis focus

Pedestrian systems have been analysed based on
different approaches. Mostly the studies focus on
some aspects or elements of the system; therefo-
re, delivering partial results for the analysis, and
does not give a global view of the entire system.
Among these approaches it can be considered
mainly the intelligent transport systems, academic
studies to represent specific situations on pedes-
trian behaviour, technical standards and rules for
dimensioning elements of pedestrian systems, and
city mobility plans, especially those dedicated to
pedestrian mobility.

The “Intelligent Transportation Systems” (ITS)
are part of a research devoted to propose intelligent

solutions to mobility problems by analysing the re-
lationship between infrastructure and vehicles in
order to affect it through the use software, hard-
ware, devices and algorithms to improve the wel-
fare and efficiency of this relationship. The focus
given by studies using ITS considers people from
the point of view of safety and accessibility; how-
ever, it is not common that studies take into account
pedestrians interactions, within their own logics
and needs. The solutions proposed by ITS are not
based on a comprehensive view of the problem,
although efforts have been made to expand them,
for example through the fusion of models and data
(W.-D. Yang & Wang, 2012). The literature on ITS
can be classified into three groups: those related to
electronic development, to algorithms and to infra-
structure. The first are for example alarms, traffic
lights, sensors, GPS, among other developments,
such as the use of ISA (Intelligent Speed Adapta-
tion) in vehicles (Ma & Andréasson, 2005). On
the issue of infrastructure ITS solutions are related
to bridges, intersections and design, among other
studies. And on the subject of algorithms, those
solutions are related to traffic light synchronization
(Chen, Chen, Lin, & Mao, 2007). There are other
studies where ITS approach has also explicitly in-
cluded pedestrians, such as a proposal of tools to
improve pedestrian traffic without affecting ve-
hicular movement (Carsten et al., 1998); also it was
developed a framework for the analysis and evalu-
ation of safety for vehicles, including pedestrians
(Kulmala, 2010) crash risk and consequence, (2.
Likewise, it was presented a study on the impact
of installing counters showing how much time is
left for pedestrians to cross the streets (Keegan &
O’Mahony, 2003). Overall, the ITS approach has
not comprehensively taken into account pedes-
trian systems, but have focused on evaluating the
response of pedestrians and vehicles to the imple-
mentation of tools and technologies.

The second approach for the analysis of ped-
estrian systems relates to academic studies, which
in almost all cases have attempted to respond to
specific problems and have made adaptations of
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techniques, usually mathematical type to represent
pedestrian systems. One of the techniques used for
making decisions regarding pedestrian mobility
simulation is especially used to represent the be-
haviour of pedestrians in specific situations, rather
than to make macro representations of pedestrian
system.

Most studies address some particular feature of
pedestrians, such as the modelling of the phenom-
ena affecting their movements (Léhner, 2010); in-
dividual behaviour and the behaviour due to the
interaction with other pedestrians (Zhang & Han,
2011); displacement (Jian, Lizhong, & Daoliang,
2005; Suma, Yanagisawa, & Nishinari, 2012; Ezaki,
Yanagisawa, Ohtsuka, & Nishinari, 2012; Gotoh,
Harada, & Andoh, 2012; Tian, Huang, & Liu,
2010); definition of criteria to evaluate the rela-
tion of door-to-door displacement and infrastruc-
ture (Gongalves, 2012); social strength, speed and
density in the groups (Seyfried, Steffen, & Lippert,
2006); and the types of pedestrians in crosswalks (J.
Yang, Deng, Wang, Li, & Wang, 2006).

With regard to the representation of pedestri-
ans flow, there have been modelling for different
features such as a simulation study of bottlenecks
in areas with high pedestrian traffic (Cepolina,
2009); pedestrian movement modelling differen-
tiating restricted and unrestricted systems, includ-
ing various features of pedestrians to make more
accurate models (Robin, Antonini, Bierlaire, &
Cruz, 2009; Antonini, Bierlaire & Weber, 2006);
and a stochastic model to represent the dynamics
of pedestrians flow considering psychophysical
and psychological characteristics (Kholshevnikov,
Shields, Boyce, & Samoshin, 2008). Other exam-
ples are: A model of pedestrian flow with con-
servation of mass and moments (Jiang & Zhang,
2012); integration of mathematical models with a
simulation with a platform called GETRAM and
a traffic assignment software (Montero, Codina,
& Barcel, 2001); and finally, a microscopic simu-
lation model of two levels (Xi & Son, 2012). Al-
though the mentioned tools considered certain
features to represent the pedestrian flow, it is not

visible an overview of pedestrian systems and the
integration of the features what was previously
identified in other studies.

The movement of pedestrian groups was mod-
elled, performing their behaviour inter and intra
group (Lohner, 2010); pedestrian movement using
two axis (Jian et al., 2005); individual behaviour and
behaviour due to interaction with other pedestrians
(Zhang & Han, 2011); anticipation of pedestrians
(prediction if the place where one intends to move
will be busy or not) (Suma et al., 2012); repulsion
towards other pedestrians (Ezaki et al., 2012); back-
flow of pedestrians in congested systems (Gotoh et
al., 2012); the way the route is chosen, based on
experience (Tian et al., 2010); social force, speed
and pedestrian density (Seyfried et al., 2006); pe-
destrians types in crosswalks: the law-abiding and
the opportunists (Yang et al., 2006); characteriza-
tion of pedestrian movement to simulate their be-
haviour (Lohner, 2010). Observing these studies, it
is seen that each focuses on specific phenomena
that represents partial features and do not evaluate
their interrelations within the whole system.

Furthermore, some studies used simulation try-
ing to make the representations in a more com-
prehensive manner. For example, a microscopic
simulation model took into account not only per-
pendicular crosswalks, but it considered also vari-
ous phenomena such as bottlenecks and route
preferences (Guo & Tang, 2012); moreover, a mod-
el for estimating performance measures of pedes-
trian systems using queuing theory (Lovas, 1994).
It was developed a waiting time model for ped-
estrians aiming to minimize bottlenecks, used to
measure the effectiveness of evacuations(Fang et
al., 2011); a simulation model that takes into ac-
count the interaction with vehicles and pedestrians
using cellular automata (Tian et al., 2010); a micro
simulation model based on agents having three
levels (Lopez-Neri, Ramirez-Trevino, & Lépez-
Mellado, 2010); and a model of micro simulation
and network optimization to evaluate time and
cost for vehicles and pedestrians by varying the
timing of traffic lights (Ishaque & Noland, 2007).
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However, despite these studies show a more global
view, they are limited to the operational level of
pedestrian systems.

Other studies presented tried to include more
variables them those listed above. For instance,
there are some proposing to provide inputs from
the use and the adaptation of techniques for the an-
alysis of pedestrian systems. Unfortunately, these
studies presented the same shortcomings men-
tioned above. For example, an autonomous multi-
human simulation (Shao & Terzopoulos, 2007); a
multilevel simulation with multi-agent holonic sys-
tems and scheduling engine Gaud et al, 2008). A
model using dynamic spatial discretization (An-
tonini et al., 2006); a stochastic model to represent
the dynamics of the flow of pedestrians (Kholshev-
nikov et al., 2008); and a model with Petri network
to simulate the timing of traffic lights at an intersec-
tion (Dotoli & Fanti, 2006).

It is possible to affirm that simulation has been
widely used for the representation and analysis
of pedestrians, especially from the micro simula-
tion approach. However, it has been used only in
specific situations and there is no evidence of its
use with systemic approaches. In fact, the commer-
cial software available for pedestrian’s simulations
is focus primarily, towards the operational level.
Despite the improvements of these computation-
al tools, mostly they provide support for making
operational decisions and in a few cases for tactic-
al decision-making, but a comprehensive view is
not evident in decision-making processes relating
to pedestrian systems. Nevertheless, there are stud-
ies that have contributed significantly to the char-
acterization of pedestrians (Tom & Granié, 2011;
Jesins, 1973; Hatfield & Murphy, 2007; Cambon
de Lavalette et al., 2009; Milligan, Poapst, & Mon-
tufar, 2012). One advantage of the available stud-
ies is that they offer lots of information about the
behaviour of pedestrian systems, including identi-
fication of influential variables, even these infor-
mation are biased.

The third approach is the analysis of the technic-
al standards for modelling pedestrian systems. The

Highway Capacity Manual (HCM) is a reference
publication broadly known and used by decision
makers in transport systems. It contains concepts,
guidelines and procedures for calculating cap-
acity and services quality of various elements of
road network and pathways, and it evaluates the
impacts of mass transit, pedestrians and bicycles
in the performance of these systems. The analysis
presented in the HCM manual focus primarily to
the vehicles; so that does not explicitly identify all
the elements of transport systems. It identifies three
basic elements that affect driving a vehicle and the
driver environment. Within the elements of ‘en-
vironment’ are pedestrians, bicycles and buses, as
well as physical spaces. In fact the HCM Manual
proposes the aggregation of individual elements of
urban systems for the analysis (Transportation Re-
search Board, 2000).

In Colombia there is the ‘Planning and Design
Handbook’ for traffic and transport management
developed by the Colombian Bureau of Transport.
It aims to strengthen the planning, design, imple-
mentation and monitoring of studies and projects,
developed to the city of Bogota (Secretaria de Tran-
sito y Transporte, 2005). Furthermore, there are
some specialised manuals and pedestrian systems
publications. Within these manuals is the Colom-
bian ‘Urban Pedestrian Infrastructure Manual’, de-
veloped by Universidad Pedagégica y Tecnolégica
de Colombia. The manual presents the most im-
portant elements of pedestrian systems infrastruc-
ture based on an extensive literature review and
among them is the HCM (Jerez & Torres, 2011). Al-
though it is a very valuable publication, its scope
does not extend beyond the characterization of
infrastructure.

It is worth to mention studies developed in vari-
ous countries, like the guidelines for designing
master plans for pedestrian and bicycle mobility
(Burbidge, Vyas, Julie, & Mitman, 2012); the Best
Practices Manual for planning and design of ped-
estrian systems of Sacramento (STAQ, 2005); a
handbook to orient the incorporation of pedestrian
infrastructure in the transport system of the city
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of Washington, USA (Otak, 1997); a book of the
Roads and Traffic Authority of Australia on how to
write mobility plans (Road Transportation Author-
ity, 2002); and a handbook on how to plan and
design for pedestrians, of the Department of Trans-
portation, city Western-Australia (Department of
Transport Western Australia, 2012). The publica-
tions mentioned concentrates the discussion on
infrastructure and other issues such as policies;
however, these studies does not present a discre-
tionary analysis of the pedestrian systems elements
shown in the previous section.

The study identified various pedestrian mobility
plans developed in different cities. These plans also
provide an approach for the analysis and represen-
tation of pedestrian systems; however, as it was seen
in the handbooks, there are certain elements of pe-
destrian systems that are not taken into account in
all publications. Among the most cited by techni-
cians and literature were considered the San Diego,
Madrid, Ledn, Ourense, New York, Leon, Dublin,
Grangegorman and Eugene. The first feature ana-
lysed refers to mobility plans that is specifically
dedicated to pedestrian system or only includes pe-
destrians’ elements; the second one was the current
state (shows whether the plans take into account the
elements and/or the statistics of the system at the
time of planning). In the other items (goals, strat-
egies and actions, cycling, infrastructure, budget,
signalling, campaigns, fines, safety, education, dif-
fusion, evaluation), it was only revised the recog-
nition of the elements in the plans, no matter how
deeply they were analysed.

The results of the mobility plans analysis shown
they do not cover all elements of pedestrian sys-
tems; moreover they do not present the relation-
ships between them. It was observed that the
plans lack an integrated and comprehensive view.
Furthermore, it is necessary to explicit internal cor-
relations of the systems elements, the orientation
about the feedback relationships and the expan-
sion and revision for the plans, in order to propose
more integrated and effective plans for cities.

FINAL CONSIDERATIONS

The different approaches of pedestrian systems stu-
died have in common the statements for decision-
making on infrastructure. Although some of them
take into account the behaviour of pedestrians, as
key players, only do so with respect to certain cha-
racteristics, usually those related to travel. Howe-
ver, other actors in the system as decision makers
or those doing the monitoring are not taken into
account, except in some cases of mobility plans
and handbooks. Also, the influence of other fea-
tures of pedestrian systems such as budget, cam-
paigns, etc., does not appear on the contents of the
analysed studies. Moreover, it is worth to highlight
the need for a systemic view of the dynamics of pe-
destrian’s behaviour.

The current state analyses indicate that the
representation of pedestrian systems is oriented to
operational features and lacks a systemic view of
pedestrian mobility. It was observed on the stud-
ies a tendency to microscopic analysis, which is
far from the classical representations of transport
systems. Apparently the pedestrian system has not
been recognized in practice as an important trans-
port system for cities such as the vehicular system
or the public transport system. It is only since the
last decade that specific plans for pedestrian mo-
bility start to be presented for some urban areas.

Finally, in the studies analysed it was observed
a clear influence of traffic accident statistics in
decision-making, indicating a reactive behaviour
of technicians and decision makers, regardless a
deeper prospective analysis or forecasts based on
actors behaviour and the correlations of influence
and feedback between elements of the pedestrian
system and its environment.
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ABSTRACT

Land cover classification from remote sensing mul-
tispectral images has been traditionally conducted
by using mainly spectral information associated with
discrete spatial units (i.e. pixels). Geometric and to-
pological characteristics of the spatial context close
to every pixel have been either not fully treated or
completely ignored. This article provides a review of
the strategies used by a number of researchers in or-
der to include spatial and topological properties in
image segmentation. It is shown how most of resear-
chers have proposed to perform -previous to classifi-
cation- a grouping or segmentation of nearby pixels
by modeling neighborhood relationships as 4-con-
nected, 8-connected and (a, b) — connected graphs.
In this object-oriented approach, however, topolo-
gical concepts such as neighborhood, contiguity,
connectivity and boundary suffer from ambiguity
since image elements (pixels) are two-dimensional
entities composing a spatially uniform grid cell (i.e.
there are not uni-dimensional nor zero-dimensional
elements to build boundaries). In order to solve such

*k

topological paradoxes, a number of approaches are
proposed. This review discusses how the alternati-
ve of digital images representation based on Carte-
sian complexes suggested by Kovalevsky (2008) for
image segmentation in computer vision, does not
present topological flaws that are typical for conven-
tional solutions based on grid cells. However, such
approaches have not yet been applied to multispec-
tral image segmentation in remote sensing. This re-
view concludes suggesting the need to research on
the potential of using Cartesian complexes for mul-
tispectral image segmentation.

Keywords: multispectral images, segmentation, to-
pologic space.

RESUMEN

La clasificacion de la cobertura de la tierra a par-
tir de imagenes multiespectrales de sensores remo-
tos tradicionalmente se ha llevado a cabo usando
principalmente la informacién espectral asociada
con los pixeles. Las caracteristicas geométricas y to-
polégicas del contexto espacial cercano a un pixel
particular han sido usualmente ignoradas o tratadas
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de una manera incompleta. En este articulo se reali-
za una revision de las estrategias que han sido em-
pleadas por diversos investigadores con el propésito
de incluir caracteristicas topoldgicas y espaciales
en segmentacion de imagenes. La revision muestra
c6mo la mayoria de ellos se han enfocado en rea-
lizar, antes de la clasificacién, un agrupamiento o
segmentacion de los pixeles cercanos modelando las
relaciones de vecindario como grafos 4-conectados,
8-conectados y (a,b)-conectados. Sin embargo, en
este enfoque orientado a objetos, conceptos topo-
l6gicos como vecindario, contigiiidad, conectividad
y Iimite sufren de ambigtiedad ya que los elementos
de la imagen (pixeles) son entidades bidimensiona-
les que componen una reticula espacialmente uni-
forme. Existen algunas propuestas alternativas que

buscan resolver dichas paradojas topolégicas. En
este articulo se analiza cémo la representacion al-
ternativa de imagenes digitales con base en comple-
jos cartesianos sugerida por Kovalevsky (2008), para
la segmentacion de imdgenes de vision de compu-
tador, no presenta las paradojas topoldgicas de las
soluciones convencionales basadas en reticulas.
Sin embargo, dicha propuesta no se ha explorado
en los procesos de segmentacion y clasificacion de
imagenes de sensores multiespectrales. Esta revi-
sién concluye sugiriendo la necesidad de investigar
el potencial de los complejos cartesianos en la seg-
mentacion de imagenes multiespectrales.

Palabras clave: espacio topolégico, imagenes multi-
espectrales, segmentacion.

INTRODUCTION

Land cover classification from remote sensing im-
ages has been traditionally conducted by using
mainly spectral information associated with dis-
crete spatial units (i.e. pixels). However, there have
been a number of attempts to include both geo-
metric and topological characteristics of the pixel
neighborhood in the image analysis process (de
Jong & Van der Meer, 2004). In the last decade, a
number of concepts, methods and techniques for
object-oriented image analysis (OBIA) have been
developed and evaluated (Blaschke, 2010). The
OBIA analysis process starts by grouping spectrally
similar and spatially close pixels into segments. A
meaningful segmentation is essential for the sub-
sequent analysis stages (Lizarazo & Elsner, 2009).
Most of the multispectral image segmenta-
tion algorithms assume images are a continuous
space similar to the real world they depict. How-
ever, the digital representation that is finally avail-
able in any computer is performed by sampling the
space and discretizing reality. In addition, multi

and hyper-spectral digital images are composed of
square picture elements with similar size, which is
clearly inaccurate (Cracknell, 1998). This inaccur-
acy is present in representations of images such as
4-connected, 8-connected and -connected graphs
(Rosenfeld, 1970; Kong & Rosenfeld, 1991).
Digital image processing based on represen-
tations of space that do not meet the topological
axiomatic postulates causes finally geometric al-
gorithms to be affected by paradoxes that lead to
ambiguous or erroneous decisions. While it can
be accepted that a raster image matches human
perception to some degree, the truth is that sev-
eral important concepts for image analysis, such as
the connectivity of regions, their boundaries, and
the adjacency between them, are ambiguously
represented. This lack of topological awareness of
grid-based image representation is clearly an im-
portant limitation for image analysis in computer
environments (Kovalevsky, 1989). The alternative
approach of digital images representation is based
on complex Cartesian, suggested by Kovalev-
sky (2008). This concept does not present topo-
logical paradoxes that are typical of conventional
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solutions based on grid cells. Kovalevsky (2006)
suggested such an alternative image representa-
tion using axiomatic locally finite spaces (ALFS)
based on Cartesian complexes, a type of abstract
cell complexes (ACC) (Listing, 1862). It has been
stated that this alternative space does not arise
topological paradoxes commonly found in con-
ventional solutions (Pavlidis, 1977; Kovalevsky,
1984). Furthermore, it has been suggested that this
alternative spaces could be a strong foundation for
image segmentation in computer vision (Kovalev-
sky, 2006). However, to the best knowledge of the
author, the usage of such ALFS spaces has not been
yet explored for segmentation and classification of
remotely sensed multispectral images.

On the other hand, it is well known that al-
gorithms based on geometric characteristics
have high complexity since the number of pos-
sible situations to be considered increases signifi-
cantly as it increases objects’ dimension under
evaluation (Worboys & Duckham, 2004). Addi-
tionally, another problem that arises during the im-
plementation phase of geometric algorithms is the
impossibility of having an accurate arithmetic in
terms of real numbers (de Berg, Cheong, Kreveld,
& Overmars, 2008). A number of authors have at-
tempted to reduce this algorithmic complexity of
geometric spaces by selecting a subset of geomet-
rical characteristics and transforming them into
combinatorial structures using oriented matroids
(Whitney, 1935; Oxley, 2003; Richter-Gebert &
Ziegler, 2004). Examples for complex applications
that have benefitted from such approaches are
counter clockwise (CC) systems (Knuth, 1992), tri-
angulation of point sets (Pfeifle & Rambau, 2002;
de Loera, Rambau, & Santos, 2010), and terrain
visibility analysis (Saeedi, 2012). While algorith-
mic complexity is part of the research reported
here, it will not be further discussed due to lengths
limitations.

This article begins introducing digital image
segmentation basic principles. Next, it shows sev-
eral attempts for involving geometric and topologic
features in image segmentation. Then, it describes

how Kovalevsky's (2008) proposal unambiguously
includes topologic feature through the definition
of digital topological spaces. Finally, conclusions
are presented.

DIGITAL IMAGES SEGMENTATION

Traditional image segmentation is the process of
subdividing an image into smaller regions based
on some notion of homogeneity or cohesiveness
among groups of pixels (Grady, 2012). Regions are
determined by two dual kind of methods (Brun,
Mokhtari, & Domenger, 2003): (i) the edge-de-
tection methods, and (ii) the region based seg-
mentation methods. The former determine edges
between regions and then close them in order to
define a partition. The latter group pixels according
to a homogeneity criterion aiming to obtain a par-
tition of the image into homogeneous regions. The
segmentation on an image X (the space domain)
subdivides it, based on a function (the feature do-
main) defined on X, using a logic f predicate P on
subsets S of X (Equation (1) (Horowits & Pavlidis,
1976).

P(S) = {true if there exists a constant a such that |f(x,y) —a| < e,V(x,y) €S (1 )
- false otherwise

where e is a prescribed error tolerance. It should
be noted that in general, for multispectral images,
the space domain X c R™and the feature domain
FcR™ so fiX—>F,and a,e€ FcR™ A
segmentation of X is a partition of X into subsets S,
,i=1,..,mforsome suchthat: (i) X =U,S; ,
(i Si NS; = @,Yi # j (iii) P(S;) = true, Vi, and
(iv), P(S; U S;) = false,Vi # j, S; and S are ad-
jacent in X. The conditions (i) and (ii) ensures that
the image is partitioned into a set of regions. The
condition (iii) ensures that each region is homo-
geneous according to the homogeneity criterion
P. The condition (iv) ensures that all regions are
maximal, thus that any merge of two adjacent re-
gions produces a non-homogeneous region (Brun,
Mokhtari, & Domenger, 2003). Region detection
methods can be addressed by two ways (Horow-
its & Pavlidis, 1976): The first one, also referred to
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as merging or bottom-up, divides the image into
a large number of small regions, which are then
merged to form larger regions. The other one, also
referred to as splitting or top-down, successively
divides the image into smaller and smaller regions
until certain criteria are satisfied.

The information provided by a partition may be
mainly geometric or topological. The geometrical
information relate to each region considered sep-
arately from the partition. The set of pixels com-
posing one region, the region including one pixel
or the boundary of a given region, may be clas-
sified as geometrical information. The topological
information describe the relationships between re-
gions. The set of regions adjacent to a given region
or the set of regions included in one region belong
to the topological information field (Brun, Mokh-
tari, & Domenger, 2003).

Image segmentation can be seen as a labeling
problem (Ishikawa, 2012), taking from the image
only the neighborhood topologic relationships and
putting them on an undirected region adjacency
graph (RAG) (Brice & Fennema, 1970; Cheevasu-
vut, Maitre & Vidal-Madjar, 1986; Guigues, le Men
& Cocquerez, 2001) along with a set of labels. The
problem is then to find the best labeling according
to the criteria in the problem’s requirements. An
energy is a translation of the criteria into a function
that evaluates how good the given labeling is. A
smaller energy for a labeling means a better corres-
ponding solution to the problem. Thus, the prob-
lem becomes an energy minimization one that can
be solved using general algorithms. As minimiza-
tion of such energies, in general, is known to be
NP-hard, graph cuts methods utilizing the s-t min-
cut algorithms known in operations research are
used.

For segmentation quality assessment, it is com-
mon to use similarity metrics between a reference
segmentation and the segmentation obtained, see,
for example, Neubert, Herold, Meinel, & Blaschke
(2008) (Lizarazo, 2014).

PREVIOUS WORK ON TOPOLOGY
PRESERVING SEGMENTATION

Kovalevsky (1989) showed how abstract cell
complexes allow for implementing topological
relations needed to unambiguously perform seg-
mentation of digital images in computer vision by
developing some algorithms (Kovalevsky, 2001),
(Kovalevsky, 2005). However, the authors are not
aware of recent studies that rigorously evaluate the
appropriateness of Kovalevsky’s approach.

Felzenszwalb & Huttenlocher (2004) addressed
the image segmentation problem by defining a
predicate for measuring the evidence for a bound-
ary between two regions using a graph-based rep-
resentation of the image (Urquhart, 1982), (Zahn,
1971) and developing a greedy algorithm. An im-
portant characteristic of the method is its ability
to preserve detail in low-variability image regions
while ignoring detail in high-variability regions.
The evidence for a boundary between two regions
is measured by comparing intensity differences
across the boundary, and intensity differences be-
tween neighboring pixels within each region.

Yu et al. (2006) assessed the capacity of Digit-
al Airborne Imaging System (DAIS) high resolution
images and topographic data for vegetation clas-
sification. Image objects were generated using the
fractal network evolution (FNEA) segmentation
approach by considering spectral, textural, topo-
graphic and geometric attributes. Initially for FNEA
each pixel is an image object. Then, pairwise ob-
jects are subsequently merged to form bigger ob-
jects by using as merging criterion that the average
image objects heterogeneity weighted by their size
in pixels should be minimized (Baatz & Schape,
2000), (Benz, Hofmann, Willhauck, Lingelfelder,
& Heynen, 2004). Through a hierarchical classifi-
cation scheme and a set of features selected for
each vegetation category, the authors carried out
a detailed classification and obtained much more
accurate results than those provided by the conven-
tional pixel-based nearest neighbor and maximum
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likelihood methods. Furthermore, they claimed to
achieve full correction of the salt-and-pepper ef-
fect present in the latter classification technique.

Kong, Xu, & Wu (2006) extracted land use in-
formation from a high spatial resolution image by
using a multi-scale image segmentation approach.
Urban land use was divided into different levels
forming a hierarchical network structure, in which
objects on the upper level are composed of objects
in the lower level. Classification of image objects
was performed based on attributes of color, shape,
hierarchy and correlation characteristics between
neighboring objects. Results showed that by in-
cluding a variety of spectral and spatial features,
it was possible to differentiate urban land use cat-
egories that cannot be separated through conven-
tional per-pixel classification methods based on
spectral data only.

Letscher & Fritts (2007) introduced a hybrid
split-merge method for image segmentation based
on computational geometry and topology by using
persistent homology. The algorithm uses edge-
directed topology to split the image into three
types of regions based on Delaunay triangulations
of points in the edge map. One type of region cor-
responds to objects of interests, and the remaining
two types correspond to smaller regions that can
be attached either to the first ones or form new
objects themselves. Preliminary results showed a
high quality image segmentation.

Johansen, Coops, Gergel, & Stange (2007) as-
sessed the capacity of high spatial resolution sat-
ellite images to discriminate structural stages of
vegetation in forest ecosystems. Based on semi-
variogram (Tso & Mather, 2009) experiments, they
established that the most appropriate windows sizes
for textural analysis were 3 x 3 and 11 x 11 pixels.
They subsequently applied an object-oriented spec-
tral and textural classification algorithm to produce
a map of structural vegetation classes. The joint use
of spectral and texture features improved thematic
accuracy between 2% and 19% compared to the
accuracy based only on spectral features.

Li & Sun (2010) proposed an “active image”
segmentation method that distorts the image in or-
der to match the so-called “initial” outlines and be
able to segment multiple objects simultaneously.
The deformation field was modeled using B-Spline
free-form deformations. By penalizing the bending
energy, they claimed to preserve both shape and
local topology of objects of interest. Preliminary
results, obtained using both synthetic and real im-
ages, showed that the proposed method allowed
coping with low-contrast and occlusion issues that
cannot be overcome using simple criteria for im-
age segmentation.

Arbeldaez P., Maire, Fowlkes, & Malik (2011)
presented a unified approach to contour detection
and image segmentation. To produce high-quality
image segmentations, the contour detector is linked
with a generic grouping algorithm consisting of two
steps. In the first one, a new image transformation
called the Oriented Watershed Transform (OWT)
is introduced for building a hierarchical segment-
ation by exploiting the information in the con-
tour signal (Arbeldez P., Maire, Fowlkes, & Malik,
2009). In the second one, using an agglomerative
clustering procedure, an initial graph is built where
the nodes are the initial regions. The links are the
initial arcs separating adjacent regions, and the
weights are a measure of dissimilarity between re-
gions. The algorithm proceeds by sorting the links
by similarity and iteratively merging the most simi-
lar regions. The process produces a tree of regions
where leaves are the initial regions, the root is the
entire image, and the inclusion relation orders the
regions in a multiscale fashion.

Chen, Freedman, & Lampert (2011) proposed
a new method for integrating image topological
properties within a random field image segment-
ation model that does not pose topological re-
strictions in the energy minimization stage. Using
such approach, they claimed to achieve an image
segmentation that guarantees topological proper-
ties. It should be noted, however, that they used
a graph-based image representation based on the
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conventional (and inaccurate) 4-connected and
8-connected neighborhood relationships.

Arbeldez P., Maire, Fowlkes, & Malik (2009) pro-
posed a bottom-up strategy improving the agglom-
eration using more information besides boundary
mean. Using supervised machine learning tech-
niques they predicted whether two super pixels
should be merged or not. In case of obtaining fea-
tures combination lacking training data, addition-
al training examples are generated by applying an
active learning paradigm at every agglomeration
hierarchy level. In active learning, the algorithm
determines what example it wants to learn from
at each iteration, based on the previous training
data. The learning process is checked for accuracy
using a coarse-scale ground truth image. They re-
port the usage of a region adjacency graph (RAG),
but do not provide a special topological represen-
tation for it.

To summarize: It is apparent that, unlike the
Kovalevsky’s approach, no other proposed method
reports the usage of a space representation meet-
ing the axiomatic postulates for topological spaces.
Other approaches assume the correctness of either
the underlying image representation using the
conventional grid cell model or the graph-based
image representation using 4- and 8-connected
connectivity.

AXIOMATIC LOCALLY FINITE SPACES
(ALFS)

The classical conception of space applied in geo-
graphic information systems (GIS) and multispec-
tral imaging analysis is based on several concepts,
including continuity. Continuity refers to the fact
that a region can be always subdivided into smaller
sub-regions (Stell & Webster, 2007). This concept is
also known as dense sets (Worboys & Duckham,
2004). However, the digital representation is per-
formed through space sampling that discretizes rea-
lity. As it is impossible to find a bijective function
(Cantor, 1883), traditional models of digital repre-
sentation of geographical phenomena (Schneider,

1977) suffer from imprecision and inaccuracy and
do not include, in the particular case of the digital
images, a measure of topology. These imprecisions
and inaccuracies are particularly significant when
geographical relationships are modeled based on
concepts such as neighborhood, contiguity, con-
nectivity and boundary. If the digital representation
of those relationships is not expressed properly,
GIS technology may not be able to give appropria-
te responses to several typical problems for remote
sensing image analysis such as segmentation and
classification.

Multi and hyper spectral digital images are com-
posed of square picture elements with similar size,
which is clearly inaccurate (Cantor, 1883). This in-
accuracy is present in representations of images
such as 4-connected, 8-connected and -connected
graphs (Rosenfeld, 1970; Kong & Rosenfeld, 1991).
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Figure 1. (a) Connection in a continuous space is
established by removing a single element from the
boundary between two sets; (b) there is a topological
paradox to establish boundaries using 4-connected
criteria in a conventional digital space

Source: own work.
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Figure 1(a) illustrates that in a continuous space,
withdrawing a point from the boundary between
the interior and exterior sets, previously discon-
nected by a Jordan curve, these become connect-
ed. Figure 1(b) shows how, in a discrete space,
removing the element encircled in red from the
boundary (blue points) does not connect the cor-
responding interior and exterior sets based on the
4-connected criterion, which is illustrated using
two neighborhoods (the central element of each
one is depicted as a point encircled in red). Actual-
ly, it is not possible either to establish unambigu-
ously such a connectivity using the 8-connected
criterion. In this case, for the example shown, the
two sets remain always connected even without
removing the element under consideration from
the boundary.

(a)
@ ©¢ ©¢ ©¢ ©¢ ¢ ©¢ o © © o o o
@ ©¢ ©¢ ©¢ ¢ ¢ ¢ o ©o ©0 © 0o o
@ © 6 6 06 © © o 6 ¢ 0o 0o o
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® 6 6 0 ¢ ¢ ¢ o ¢ o O 0 o
@ 6 0 © ¢ ¢ ¢ o ¢ ¢ 0o O o
® 6 © © 6 ¢ ¢ o ¢ ¢ O 0 o
® © 6 © 6 ¢ ¢ o o 0 O o o
® ¢ ¢ 0 0 © © o o o o o o

(b)

Figure 2. (a) There is a common boundary a continuous
space (line in red); (b) there is a “duplicated” boundary
in a discrete space (both red elements and green
elements).boundary and double in a conventional
digital space (b)

Source: own work.

Figure 2a shows how, in a continuous space,
the boundaries of the interior and exterior sets, are
one-dimensional and coincide perfectly (red line).
Figure 2b shows how, in the conventional digital
space, each of the two sets have different boundary
(exterior’s boundary is red and interior’s bound-
ary is green), and that both boundaries are two-di-
mensional (all the elements comprising this space
are two-dimensional). These paradoxes are par-
ticularly significant for image segmentation and
classification when considering topological rela-
tionships such as neighborhood, contiguity, con-
nectivity, and boundary.

Digital image processing based on represen-
tations of space that do not meet the topological
axiomatic postulates (Munkres, 1999) causes fina-
lly geometric algorithms are affected by paradoxes
that lead to ambiguous or erroneous decisions. Se-
veral important concepts for image analysis, such
as the connectivity of regions, their boundaries,
and the adjacency between them, are not expli-
citly represented. This lack of topological aware-
ness of grid-based image representation is clearly
an important limitation for image analysis in com-
puter environments (Kovalevsky, 1989, 2005)

Kovalevsky (2008) performs a compendium of
his proposal for the construction of a discrete geo-
metry based on the Cartesian complex using the
definition of topological spaces based on the axio-
matic locally finite spaces provided by abstract cell
complexes. His proposal seeks to provide an alter-
native representation of space based on a digital
topology which is not affected by the paradoxes
found on conventional representations of images
such as 4-connected, 8-connected and (a, b) —
connected graphs (Rosenfeld, 1970; Kong & Ro-
senfeld, 1991). In his work, Kovalevsky shows how
Cartesian complexes allow for implementing topo-
logical relations needed to perform digital images
segmentation without any ambiguity. A digital spa-
ce should be a locally finite space in which each
element has a neighborhood composed finitely of
several elements with various topological proper-
ties. A locally finite space (LFS) is a non-empty set
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in which each element is assigned other elements,
some being finite subsets. An LFS is called an axio-
matic LFS (ALFS) when satisfies the following four
axioms:

Axiom 1: For each space element there are cer-
tain subsets containing it, which are its neighbor-
hoods. The intersection of two neighborhoods of
an element is also a neighborhood of that element.

Axiom 2: There are space elements whose
smallest neighborhood (SN) consists of more than
one element.

Axiom 3: The frontier Fr(T ,S)of any subset
T c S isthin.

Axiom 4: The frontier of the frontier of a subset
of an LFS is equal to the frontier of the subset.

Since the space is locally finite, there exists the
smallest neighborhood (SN) for each of its elements
that is the intersection of all the neighborhoods of
a particular element. If one element belongs to the
SN of the other, it is said that the one is incident
(IN) to the other. An incidence path (IP) between
a pair of elements of a subset of an LFS is a se-
quence of elements between the one and the other
in which each pair of subsequent elements are in-
cident. If it is possible for each pair of elements
of a given subset of an LFS to find an IP entire-
ly contained in that subset, it can be said that the
subset is connected (CN). However, the classical
topology of a space is defined if a set of subsets
of S called the open subsets, satisfies the following
axioms (Munkres, 1999):

Axiom C,: The entire set and the empty subset
(@are open.

Axiom C,: The union of any number of open
subsets is open.

Axiom C: The intersection of a finite number of
open subsets is open.

Axiom C : The space has the separation property.

As for the axiom C,, in the case of LFSs, is only
needed that for any pair of elements of the space
there is an open subset which contains exactly
one of the elements (axiom of separation T,). The
LFS open set concept is materialized for a subset
0 when along with each element contains its SN.

When it contains all the elements of its frontier it
is closed. Open subsets so defined satisfy the con-
ditions of the axioms C, to C, and, therefore, are
open in the classic sense. The SN of any element of
an ALFS is open in the classic sense and is called
the smallest open neighborhood (SON) of a given
element of the space. All elements bounded by a
given element are part of its SON. The SON of an
element of the space satisfies the axiom of separa-
tion (T ).

Abstract Cells Complexes

An important special case of LFS are abstract cells
complexes (Listing, 1862). In this case, the space
is characterized by a relationship of partial order
among its elements and a function of dimension
dim (a) which maps to an element of the space
a non-negative integer so that if another element
b€ SON (a), then dim (a) < dim (b). If dim (a) =k,
then the element a is of dimension (k-dimensional).

An abstract cells complex (ACC) C= (E,B, dim)
is a set E of abstract elements (cells) with a binary
bounding relationship B € EXE which is antisym-
metric, irreflexive and transitive among its ele-
ments and a function dim E — Z* provided dim
(e) < dim (e”) for (e’ e”) € B. Between two
elements a and k of an ACC establishes a bounding
path if it is possible to find a sequence of elements
between and so that each element bounds the fol-
lowing. The number of elements in the sequence
minus one is the bounding path length. The dimen-
sion of a complex is given by the greatest dimen-
sion of all its cells. Given E'CE and B’=BN(E’XE’),
S=(E’, B’) is a subcomplex of C. A subcomplex will
be open or closed depending on the complex from
which is subcomplex.

For example, given the complex C= (E,B) where
E= {e;,e5,e5,€4,5,1,15,15,1,}, the dimension
function is such that dim(e) < dim(l) with
B={(e1,11), (e2, 1h), (€2, 1), (€3, 13), (€3, 1), (€4, L3),
(es, 1), (es,14)}, the subcomplex T= (E’ B’) with
E’= {es, 15} and B= {(e3, [3)} is neither open nor
closed in C. However, for the subcomplex E= (B,
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B”) with E”= {e3, e4, 13,14}, B"={(e3, l3), (e4, 13),
(e4, 1)} and the same dimension function defin-
ition than before, T is open in S.

Given two subsets t and T of a space S such that
t € T €8, the set containing with each cell a € t
also all cells of T bounding a is named the closure
of tin T denoted by CL(t, T). The set t — Fr(t, T) is
called the interior of t in T and is denoted by Int(t,
T). The set t — T— Fr(t, T) is called the exterior of
tin T and is denoted by Ext(t, T).

The size and shape of the SON of a cell ¢ de-
pends on the complex C with base in which this is
defined and is denoted by SON(c, C). Two sub-com-
plexes of a complex are mutually incidents, if any
of the two contains at least one cell that is incident
with any cell of the other.

CARTESIAN COMPLEXES AND
COMBINATORIAL COORDINATES

A particular case of ACC are Cartesian complexes.
A complex C= (E,B) where E= {e,, e;,€5,**, €3m}
with m > 1, the bounding relationship B is such
that each element e,, with even index i, bounds the
elements e;41, and  €i-1 , with odd index,
is a T-dimensional connected ACC. Here each
0-dimensional cell is closed, while each 1-dimension-
al cell is open. The cells indexes are called combina-
torial coordinates in the one-dimensional space.

& & & % % & - & @

i 1 2 3 4 5 2mliim
Figure 3. Graphical representations of a one-
dimensional connected ACC.The 0-dimensional
cells are represented with black spots while the
1-dimensional with red dots

Source: own work.

Figure 3 shows a possible graphical represen-
tations of one-dimensional ACC of combinatorial
coordinates. In the figure each complex’s cell is
represented as a point, only that conveniently ap-
pears the -dimensional cell with black color and
the -dimensional with red.

A Cartesian ACC is obtained by performing the
Cartesian product of two or more of these one-di-
mensional complexes. The cells set of a -dimensio-
nal Cartesian ACC (" is the Cartesian product of n
one-dimensional connected ACC sets. The one-di-
mensional complexes are the coordinate axes of
C" which become an -dimensional space. A cell of
C"is an n-tuple c= (a, a, a, .., a)) of a, cells be-
longing each one to a particular one-dimensional
complex and becoming a component cell of c. In
this case, a cell ¢,= (a, a, a, .., a ) bounds another
cell c,= (b, b, b, .., a ) if for each pair of compo-
nent cells a, and b, a, = b, or a, bounds b.. The di-
mension of a cell is the sum of the dimensions of
its component cells.

For the one-dimensional ACCs 4,={e,, e;, e;,
es, ey, 65,65} and 4,= {eg, e1, ey, e3, 4}, figure 4
shows a possible two-dimensional Cartesian ACC
graphical representations. In the figure each com-
plex’s cell is represented as a point, but the cells
have been differentiated by color.

Te & % b ® &b
E & & 9 &b
Ne % % 0 & ¥ B
e & b 4 S D
ol & B & & & 8

U 1 2 % a & &

Figure 4. Graphical representations of a two-
dimensional Cartesian ACC. The 0-dimensional cells
are represented by black dots, the -dimensional with
red dots while the -dimensional with green dots

Source: own work.

Kovalevsky defined the combinatorial balls
and spheres in order to avoid “weird” complex-
es (i.e. pathological cases). For example, for the
2-dimensional Cartesian complex represented in
figure 4, the subcomplex {(ei, e]-), (ex, el)}, (ei, ej)
* (6,€),0<i<60<j<40<k<60<I
< 4is a 0-dimensional sphere and the subcomplex
{(ezisr €254} 0 < i <3,0 < j < isa2-dimen-
sional open ball.
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The concept of ACC enables the definition of
strange ACCs, but topological concepts such as of
ball and sphere can constraint the set of valid com-
plexes. These concepts are also necessary for in-
creasing or reducing the granularity of Cartesian
complex. To increase the granularity, the elemen-
tary subdivision is used, and to reduce it, the blocks
definition. The elementary subdivision (Stilwell,

1995) of a 1-dimensional cell !, replaces it with
two T-dimensional cells ¢], ¢} and a 0-dimension-
al cell €° so that the latter is a common face of
the other two. In the case of 2-dimensional Car-
tesian complex shown in the figure 4 elementary
cell subdivision must be conducted in combina-
torial way on each of its two component cells, tak-
ing into account that, in general, the -dimensional
cells are not subdivided.

10 o o o ° e o o 0 o0 o

~® @ @ o e o6 o 0 0 o

e o o e o 0o 0 0o o

e e o o o e o 0o 0 0 o

d9 o o e o o e o o o e o 0 o o

30 o o e o o ® o o e/0 6 00 o © 0 o

20 o o e o o © 60 06 06 0 06 060606 0 0

leo © o () @ o o @ © @ o o8 o o/i e o o o o

> o o .\.ﬁ’\ 0e e o‘_:_o/./‘o e o 0 0 0

0 1 2 3 4 5 "2 > 3 1 4 7 5 1 6
(a) (b)

Figure 5. Cells elementary subdivision in a -dimensional Cartesian ACC. (a) initial Cartesian complex, (b)

corresponding elementary subdivision. Red background represents the subdivision of a -dimensional cell and green

a -dimensional

Source: own work.

For example, in a 2-dimensional Cartesian
complex, the elementary subdivision of a 2-di-
mensional cell (e, e/.) origins three Combinatorial
ordered for each component cell(e;_1, €, €;,+tand
e;_1,€j,€;,1,here the average indexes are closed,
while integérs are open). This produces nine 2-di-
mensional coordinates, four of them correspond to
-dimensional cells, four to 1-dimensional and one
is O-dimensional as shown in figure 5. Two Carte-
sian complexes C, and C, are combinatorially ho-
meomorphic if there are elementary subdivisions
of C, and C, so obtained complexes are isomorphic.

Often in topological investigations and AC
complexes applications to image analysis, the
complexes contain thousands of cells, so it is

recommended to subdivide a complex in sub-com-
plexes that are considered uniform with respect to
some criterion in particular. The result of dividing a
cell complex in blocks where each one consists of
a homogeneous group of cells based on a specific
criterion is called blocks complex (Rinow, 1975),
(Kovalevsky, 1989). Consider a partition R of an n-
dimensional complex A in k-dimensional subcom-
plexes Sl-k(kz 0,1,..,n1_0,, .. m), the subsets with
k = 0 are some representative 0-dimensional cells
of 4, while each of the subsets with k > 0 is com-
binatorially homeomorphic to a -dimensional ball.
It is possible to define a complex B whose cells co-
rrespond to the sub-complexes Sk called the blo-
ck complexes of A and their cells are called block
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cell. The subcomplexes gk corresponding to the
block cells are called blocks. Therefore, block ce-
lls are elements of the blocks complex, while the
blocks are subcomplexes of the original cell com-
plex. Each block cell dimension corresponds to the
dimension of the respective subcomplex and the
ith block with dimension m bounds jth block of di-
mension m,m >k, if there is in A two cell ¢; € Sl-k
and ¢, € S/"such that ¢, bounds c,. The triplet B(A)
= (EB, BR, Dim) is called blocks complex of A if
there is a partition of 4 in subcomplexes SF every
one homeomorphic to a k-dimensional open ball.
EB is the set of block cells, each cell b; € EB co-
rresponds to a subcomplex S¥ called the k-dimen-
sional block or k-block of A. The ordered pair (b,
b)) block cells is in the bounding relationship BR if
there is in 4 two cells ¢; € SF and ¢, € Si" such
that ¢, bounds c,. Dimension function Dim assigns
to each block cell b, of B(A) the dimension of the
corresponding block SF.

2 2

Figure 6. Example of a blocks complex on a
-dimensional Cartesian complex

Source: own work.

Figure 6 shows the elementary subdivision of fi-
gure 5 with a partition into 13 blocks. In figure are
highlighted conveniently, with a background that
surrounds the original cells, the sub-complexes
corresponding to block cells of the blocks com-
plex that would be obtained. The sub-complexes
correspond to 0,1 and 2-dimensional open balls.
From 35 0-cells, 58 1-cells and 24 2-cells of the

original cells complex, there are four 0-block cell,
six 1- block cell and three 2- block cell in the re-
trieved blocks complex.

DISCUSSION

It has been demonstrated that Kovalevsky’s (2006)
alternative space representation does not arise topo-
logical paradoxes. Hence, it is suggested that these
alternative space concepts could be a strong foun-
dation for image segmentation in computer vision.
Moreover, the usage of such ALFS spaces could be
explored for remote sensing image analysis. Fur-
thermore, it is relevant to investigate the potential
of ALFS spaces for conducting a multispectral im-
age segmentation that includes topological and
geometric relationships besides spectral attributes.

It was discussed that conventional methods
for remote sensing image segmentation are based
on digital structures that violate well-established
topological axioms and geometric algorithms that
assume a continuous spatial computing model.
Therefore, it is necessary to conduct a research to
know how combinatorial properties of ALFS could
allow the involvement of topological properties so
that accuracy and efficiency of multispectral image
segmentation algorithms can be improved.

In particular, it is necessary to evaluate an al-
ternative multispectral image representation using
Cartesian complexes in order to find an efficient
solution to the segmentation process that takes
into account topological and geometric proper-
ties. This implies to devise a conceptual model
for multispectral image representation based on
Cartesian complexes of abstract cells which takes
into account topological and geometric properties.
This can then build and evaluate a computation-
al framework that enables the implementation of
Cartesian complexes to adequately represent topo-
logical and geometric image-objects properties
used in the segmentation of multispectral images.

The main hypothesis is that a spatial computa-
tional framework, based on the axiomatic local-
ly finite spaces improves the accuracy of space
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algorithms for multispectral image segmentation,
since using only combinatorial coordinates es-
tablished by Cartesian complexes preserves topo-
logical and geometric image-objects properties.
The production of a computational framework
that makes possible the representation of a digital
image in a way that explicitly takes into account on
topological data and uses it for digital image seg-
mentation, would constitute a significant techno-
logical development. It would strengthen the
ability of the Engineering Faculty at Universidad
Distrital to produce useful solutions to technical
problems and to improve geospatial knowledge.

CONCLUSIONS

Previous work attempting to produce topology
preserving image segmentation in remote sensing
used digital image representations that suffer from
topological paradoxes. A more rigorous proposal
for addressing such problems in computer vision
image segmentation was suggested by Kovalevs-
ky. It was shown that ALFS meet the classical axio-
matic topological postulates and hence are able to
unambiguously represent adjacency, connected-
ness and boundary relationships which are criti-
cal for appropriate multispectral image analysis, in
particular image segmentation. It is therefore re-
levant and promising to conduct further in-dep-
th research on the usage of Cartesian complexes
for obtaining a topologically correct image repre-
sentation in order to produce more accurate and
effective image segmentation algorithms.
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ABSTRACT

Software engineering is an important discipline of
knowledge that allows abstracting an environmental
system, modeling a watershed and providing con-
ceptual and interaction elements of players in the
configuration of modeling approaches for decision-
making on water resources environmental planning;
therefore, the purpose of this article is to have an
environment envelope through a set of environmen-
tal aspects that can be represented by a meta-model
that leads to a cognitive construct of the problem
and defines the methodological model for proper
environmental planning of watersheds, in decision-
making at strategic and operational levels.
Keywords: Environmental planning, municipal was-
tewater treatment plants, life cycle analysis, Softwa-
re engineering.

RESUMEN
La Ingenieria de Software es una disciplina impor-
tante del conocimiento que permite abstraer un

k%

sistema ambiental, modelar una cuenca hidrica
y proporcionar elementos conceptuales y de in-
teraccion de actores en la configuracion de enfo-
ques de modelado para la toma de decisiones en
la planificacion ambiental hidrica. Por ello, la fi-
nalidad de este articulo es tener un envolvente de
entorno a través de un conjunto de aspectos am-
bientales que se pueda representar mediante un
metamodelo que conlleva a un constructo cogni-
tivo del problema, que permita definir el modelo
metodolégico para una adecuada planificacién
ambiental de cuencas hidricas, en la toma de de-
cisiones en niveles estratégicos y operativos.

Palabras clave: andlisis del ciclo de vida, Ingenie-
ria de Software, planificacién ambiental, plantas
de tratamiento de aguas residuales municipales.
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INTRODUCTION

Software engineering (IS acronym in Spanish) is a
knowledge intensive discipline that has been used
in the control of environmental systems and ad-
ditionally has developed an interaction between
the players and the configuration of the software
(Dittrich, 2014; Hanssen, 2012; Bjarnason, 2012;
Bjornson, 2008; Sommerville, 2005), as well as in
the spectrum of the generic modeling approach-
es that are capable of analyzing specific concepts
through Machine Languages (LM acronym in Span-
ish), for the control of the possible solution (Bola-
fos S., 2014; David, 2013; Beecham, 2008).

In the abstraction of the environmental system,
it is possible to consider the parametric develop-
ment and evaluate the intrinsic environmental
models, pursuant to the needs of the emergent cli-
ent and even a potential user (David, 2013; Ar-
gent R., 2004; Briand, 2000; Rizzoli A., 2008); that
is, taking IS as the foundation, this is a vehicle to
migrate the principles of a modular system, spe-
cially one of processes, complex patterns, UML
diagrams (Unified Modeling Language) (Bolafos
S., 2012; Robles, 2012; Willard, 2007; Pilskalns,
2007), in decision making elements on the Water
Resources Environmental Planning (PAH acronym
in Spanish) of a Watershed (CH acronym in Span-
ish) through a methodology of Life Cycle Analysis
(ACV acronym in Spanish), specifically through the
action and pressure of the discharge of decontami-
nated effluents from Municipal Wastewater Treat-
ment Plants (PTARM acronym in Spanish) installed
in the (CH) (Rodriguez, 2010).

This article presents an analysis through IS, uti-
lizes a Software Process and Methodology Mod-
eling Language (LMMPS acronym in Spanish)
(Bolafios S., 2014) in order to categorize and mod-
el the use cases diagrams, the sequence of types
and activities (Bolanos S., 2012), and to present the
abstraction of the PAH in a CH through the vari-
able of the PTARM evaluated with a ACV through
an analysis of the dynamic environmental context
of the physical domain categorized as CH (Castel-
letti, 2010; Reed, 1999; Rizzoli A., 1997).

METHODOLOGY

Some of the practices used in the integration of
models in natural system with the IS may be the
design oriented to objects, formalized model-
ing language (Argent R., 2001). The RUP (Ratio-
nal Unified Process) process, allows the timely
construction of a software and uses UML (Uni-
fied Modeling Language) to specify, visualize, con-
struct and document a software system, reducing
the complexity, and the process design while cre-
ating an optimum development. The RUP process
presents three (3) essential characteristics such as
the use cases, centered on the architecture and ad-
ditionally it is interactive and incremental; it also
has four (4) phases: the initial phase, the prepara-
tion phase, the construction phase and the tran-
sition phase, which represent the emphasis of
the activities within each iteration (Florez, 2009;
Pressman, 2010; Kroll, 2006; Jacobson, 2000; Tab-
ares, 2011; Pilone, 2005). Within the set of tools
of the RUP, it is worth mentioning, the administra-
tion of the requirements (change during the life of
the project and identify the requirements of a sys-
tem in technical and economic terms), the inter-
active development of the software (facilitates the
implementation of requirements and characteris-
tics; from each iteration all the products articulate
in a predictable and repeatable manner), the visu-
al modeling of the software (visualizes, specifies,
constructs and documents the structure and be-
havior of the architecture of the software system),
the continuous testing (the quality of the system is
evaluated with respect to functionality, reliability
and performance), the architecture based on com-
ponents (allows the reutilization or adapting of
the existing components), and the change control
(establishes repeatable processes to manage the
changes to the software) (Florez, 2009; Abrahams-
son, 2002; Kasoju, 2013).

For the representation of the natural langua-
ge (LN acronym in Spanish), an environment en-
velope was used which is represented through a
set of activities (Pressman, 2010; Sommerville,
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2005) that articulate in the flow of the ACV in the
PTARM, through a meta-model based on processes
and methodologies (Germain, 2005), constructing
a synergic concept that analyzes and totalizes the
ACV in the PTARM (Bolanos S., 2012; Niazi, 2010)
within a theoretical conceptual strategy. Therefore,
the grammar with structure of phrases for the abs-
traction of the phenomenon studied is as follows:

e The grammar with structure of phrases G=
(V. T S, P) consists of a vocabulary V, a subset T of
V formed by the terminal elements and an initial
symbol S of V —T and a set P of productions (Bola-
fios S., 2014; Rosen, 2004; Chomsky, 1957).

e The vocabulary (V) is a finite set and not void,
whose elements are called symbols, where a word
onV is a finite chain of elements of V (Bolafos S.,
2014; Rosen, 2004; Chomsky, 1957).

According to the above, the language generated
by G can be defined in the abstraction of the envi-
ronmental system to be analyzed, in the following
manner:

e For a set consisting of aspects, we have:
N={PTARM, CA, EA, CH} where CA (acronym in Spa-
nish) is the environmental load and EA (acronym in
Spanish) is the environmental effect.

e Then if PTARM € CH, considers every PTARM
as an element of CH set; then f, ACV — N, it means
that the ACV functionally maps the N set.

e Meaning that, the ACV is considered a func-
tion of PTARM, CA, EA, CH where it is possible to
confirm and validate if (ACV,CH): PAH(ACV,CH).

On the other hand, the ACV in PTARM is used
to compare alternatives or to estimate the poten-
tial effect that can be obtained in the change of the
product, and how it could be improved to decrease
the environmental consequence at a global or re-
gional scale (Benveniste, 2011). In general, one of
the strengths of the ACV is that it considers global
and regional impacts, and it makes it possible to
estimate impacts that influence health and society;
while one of its weaknesses is that it is not capable
of analyzing the temporary or spatial character of a
particular effect (De Carvalho F., 2001).

The ACV essentially presents two types of meth-
odologies; the first one is based on the conventional

process of energy analysis and the flows of mate-
rials according to the manufacturing process, and
the second one is based on the input — output (Le-
ontief, 1986), that involves environmental data of
the process to be analyzed, where the latter is the
one more widely used in the studies (Zhang Q.H.
et al., 2010). The evolution of the ACV has moved
from the products and materials to the analysis of
the productive systems such as the Wastewater
Treatment Plants and their influence on the envi-
ronment (Deusto Tech, 2012; Rodriguez, 2010). A
way of presenting the process in natural language,
in machine language, as domain of the solution is
through software engineering (Bolafios S., 2014),
and this, in turn, may be represented by program-
ming language, hence in a language for the model-
ing of software processes and methodologies.

RESULTS

In the technical report on wastewater treatment
systems in Colombia — base line 2010 (Marin,
2012), it was established that out of 1119 munici-
palities in Colombia, 490 have a PTARM (43.80%),
there is a total of 556 PTARM in Colombia, whe-
re the greatest numbers of PTARM are located in
the Departments of Cundinamarca and Antioquia.
The capacity installed of PTARM is 33.2 m?/s, and
as a conclusion the report establishes: absence of
monitoring and control of the processes; no water
characterizations are made, control records of the
inflows and outflows are not kept, and the flow de-
signs are unknown; therefore, the operation of the
systems is conducted in an empiric, autonomous
and customary manner; the lack of knowledge
of the systems operated does not allow the pro-
per planning of the expansion and optimization of
the treatment systems; lack of corrective and pre-
ventive maintenance of the wastewater treatment
systems; absence of vector control programs and
sludge management; control over the discharge of
non-residential wastewaters and conduct the moni-
toring of the compliance with current regulations.

In addition to the above, the Asociacién Co-
lombiana de Ingenieria Sanitaria y Ambiental
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(ACODAL, 2013), indicates that 31% of the cities
in Colombia have PTARM (29% primary treatment
and 1% tertiary treatment); where it has been ob-
served the presence of improper selection of te-
chnologies, high investment and operation costs
(although the investment allocated to the treatment
of wastewaters does not reach 1% of the invest-
ment allocated to potable water), and very little
protection of the water sources, which jeopardizes
environmental sustainability, due to the contami-
nation of the water resources, given the obsolete
premise being used, which states that the water
resources in Colombia are infinite. In general, the
PTARM have always been seen as a black box (te-
chnologies that are highly efficient in the removal
of contaminants, with low energy cost and econo-
mical operation (Rodriguez, 2010), as a solution
at the end of the pipe, where contaminating ele-
ments and/or parameters enter, and then degrade
or oxidize or transform and then are discharged as
decontaminated flow into a receptor body of wa-
ter, that is, under certain technical and economic
limitations (Flores, 2014); however, every PTARM
must contain three sustainability aspects (environ-
mental protection, and social and economic deve-
lopment) (Garrido et al., 2013).

On the other hand, the management strategies
are focused on the regional planning of the water
resource, the optimization of wastewater treatment
plants already built and the development of new

treatment alternatives, and the reuse of wastewa-
ters, as well as the review, update and regulatory de-
velopment for the adjustment of policy instruments,
but the environmental assessment of the PTARM in
relation to the watersheds is not mentioned. How-
ever, by conserving the watershed through a more
efficient assignment of the resource and in addition
to evaluate the effects resulting from the develop-
ment works and the contamination of the water re-
source in particular and the environment in general
(Garcia, 1998); but essentially, reference is made
to what is politically viable and technically desir-
able, but with the explicit environmental assess-
ment of the PTARM on the watershed. Given the
preliminary issue, when taking the water from the
offer present in the area of the study or watershed,
and use it in the different anthropic activities (do-
mestic, industrial, institutional, commercial, agri-
cultural, etc.), the manipulated water is discharged
or poured (liquid waste) onto the same body of wa-
ter, in many cases without an adequate collection,
treatment and disposal system, but in the form of
contaminated or wastewater, limiting the availabil-
ity of the water resource; it is then, when the pro-
cesses and operations at the end of the pipe are
used, denominated as municipal wastewater treat-
ment plants or in amore integral concept, as waste-
water treatment system (STAR acronym in Spanish)
to decontaminate the wastewaters used in anthrop-
ic activities (Figure 1).

CH with planning of the
Effluents of 1119 water resource PTARM must be
Municipalities in (environmental analyzed with ACV
Colombia, only 556 —>»  dimension, inventory ———>| for the PAH in the
PTARM. without analysis of CH.
PTARM.
\ J

Analysis of the system through Software Engineering.

Figure 1. Cognitive scheme of the system and the interaction with software engineering

Source: Own work.
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According to the above, a territorial environ-
mental zoning is presented with an instrument
such as environmental planning (PA acronym in
Spanish), and this is a type of planning oriented
to the operativeness of four general objectives of
the environmental policy: the protection of com-
ponents or especially vulnerable environments or
environments estimated as valuable to society; the
repair of damaged components or environments;
the optimization of the uses of the land to mini-
mize environmental loads, and the prevention and
relief in relation to human wellbeing and health
(Aronoff, 1989; Brilhante, 2003; Leitmann, 1999;
Millar, 2004; Sheila, 2004).

The above takes into account aspects such as
the study of the environmental impact, planning of
protected areas, the environmental contributions
to urban planning and territorial zoning and the
sectorial planning for the protection or repair of
certain components or environments (decontami-
nation, recovery of rivers and bodies of water, and
the management of biotopes, green area systems,
etc.), that conventionally include the environmen-
tal dimension (DA acronym in Spanish) and the
protection, management and zoning of the water-
sheds (PMOCH acronym in Spanish), and this, in
turn, analyzes the inventory of the superficial and
subterranean water resource (IRH acronym in Spa-
nish), the influence of the population that exerts
pressure over the CH through the socioecono-
mic activities of the Municipalities (M), the zones
for the protection of the forests where the water
springs are located (ZPB acronym in Spanish), the
protection actions of the CH (APCH acronym in
Spanish) and supply and demand of the water re-
source (ODRH acronym in Spanish), generate the
following:

o If OAT f (PA) and PA f(PMOCH, DA), then it can
be consider that a representation of CHO IRH, M,
ZPB, APCH, ODRH.

e A conceptualization of a PAH can be made
considering N={PTRAM, CA, EA, CH}

e Establishing that the ACV is considered a
function of PTARM, CA, EA, CH, where it is possible

to confirm and validate if V (ACV, CH): PAH (ACV,
CH), it is possible to make an adequate planning of
the CH and an interrelation of the environmental
dynamics.

Therefore, it is possible to present scopes of
analysis such as:

a) Identify and analyze factors that influence the
behavior of the PTARM (CA and EA), and their inte-
rrelations with the environmental dynamics of the
CH.

b) Develop an ACV methodology in the PTARM,
taking into account a representation model (inclu-
ding the CA and the EA) and the influence of the
components of the environmental dynamics and
the sensibility analysis in the CH.

c) Apply the regional ACV methodology to the
PTARM (constructed and projected) as a factor for
the PAH of the CH, which will allow decision-
making at strategic and operative levels (Salah,
2006; Castelliti, 2008; Dietrich, 2010).

The meta-model proposed for the PAH, using
the regional ACV methodology in PTARM, is ba-
sed on players that define the development of the
process (functions and actions), (Ellison, 1998; Mi-
sic, 2004; Davis, 1994); therefore, the RUP process
and the business modeling is used by means of the
diagram of use cases to analyze the interaction of
the players in the PAH, using the Coloso program
in the following manner (Bolafios, 2010).

In a descriptive manner, Figures 2 and 3 exp-
lain the abstraction for the PAH from the point of
view of the players that intervene in the analysis
if (ACV, CH): PAH (ACV, CH), it is possible to make
an adequate planning of the CH and an interrela-
tion of the environmental dynamics. However, the
problem of the PAH can be represented through a
requirement and sequence, in Figure 4, where it
is expressed that the problem is the lack environ-
mental strategies that do not contemplate the PAH
and consequently, the hypothesis would be to veri-
fy and validate if with the PAH, including the ACV
in PTARM, it is possible to conduct a sustainable
environmental planning in CH.
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Figure 2. The RUP process applied to PAH

Source: Own work. Prepared using the Coloso program. (Bo-
lanos S., 2010).

Water resources environmental planning J
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TTT————— 0
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Evaluator: Jury

Figure 3. Business modeling using a diagram of use
cases in PAH

Source: Own work. Prepared using the Coloso program (Bo-
lafios S., 2010).
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Figure 4. Requirement, using a sequence diagram in
PAH

L:J

Source: Own work. Prepared using the Coloso program (Bo-
lanos S., 2010).
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Figure 5. Implementation, using a class diagram in
PAH

Source: Own work. Prepared using the Coloso program (Bo-
lanos S., 2010).

A cognitive process in the class diagram is
shown in figure 5, where a hypothesis is formula-
ted; there, it is possible to validate if V(ACV, CH):
PAH (ACV, CH) and arrive to the adequate plan-
ning of the CH and an interrelation of the environ-
mental dynamics, that is, if there is a sustainable
environmental planning of the watersheds, accor-
ding to the CA and the EA produced by the PTARM
when using the ACV. Figure 6 expresses the aliena-
tion of the approval or rejection and the compari-
son of the formulated hypothesis.
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[ HYROTHESIS REECTED: There is no sustanable environmental planning of the G4 J

(orerast

%

Figure 6. Implementation, using a status diagram in the PHA

Source: Own work. Prepared using the Coloso program (Bolafos S., 2010).

Identify and analyze factors — —
T A L TR
and (CA and EA), their DTARM (mnstrucdted and projected)
ntemelation vith the CH
ACV methodology inthe
PTARM, (induding the CA
and the EA)

Apply the regional ACV methodology
for the PTARM (buit and projected)
as a factor for the PAH of the CH

o
ACV: Classification of the
CA of the inputs and
cutputs of the PTARM

Figure 7. Implementation, using an activity diagram in the PAH

Source: Own work. Prepared using the Coloso program (Bolafos S., 2010).

Figure 7 shows the research methodology ap-
plied for the verification of the PAH in CH, using
an ACV in PTARM.

CONCLUSIONS

The significant finding of this article is the exposi-
tion of a methodological scheme to interrelate the
IS with the PAH, taken through a LMPS for deci-
sion-making in the PTARM investments, that is, the
inclusion of CH and methodologies such as ACV
in the configuration and personalization of the IS

through the RUP and UML language can be consi-
dered as an innovative benefit of the software pro-
duct. The research process presented establishes
the integration of the IS through methods with the
PAH, the ACV and the PTARM for the analysis of
the problems and the solutions in the CHs. It is also
shown that in the methodology to confirm and va-
lidate if there is a PAH, when there is a consistent
set of variables that belong to a set mapping that is
interpreted as ACV, attains an strategy for decision-
making in the investment on the PTARM in CH to
achieve gradual and persistent decontamination of
the superficial waters in a CH.
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RESUMEN
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ABSTRACT
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INTRODUCTION

Since 10 years ago, the massively parallel proces-
sors have used the GPUs as principal element on
the new approach in parallel programming; it’s
evolved from a graphics-specific accelerator to a
general-purpose computing device and at this time
is considered to be in the era of GPUs. (Nickolls &
Dally, 2010). However, the main obstacle for large
adoption on the programmer community has been
the lack of standards that allow programming on
unified form different existing hardware solutions
(Nickolls & Dally, 2010). The most important play-
er on GPU solutions is Nvidia ® with the CUDA®
language programming and his own compiler
(nvee) (Hill & Marty, 2008), with thousands of in-
stalled solutions and reward on top500 supercom-
puter list, while the portability is the main problem.
Some community project and some hardware alli-
ance have proposed solutions for resolve this issue.
OmpSS, OpenACC and OpenMPC have emerged
as the most promising solutions (Vetter, 2012) using
the OpenMP base model. In the last year, OpenMP
board released the version 4 (OpenMP, 2013) appli-
cation program interface with support for external
devices (including GPUs and Vector Processors). In
this paper we compare the four implementation of
Jacobi’s factorization, to show the advantages and
disadvantages of each framework.

METHODOLOGY

The frameworks used working as extensions of
#pragmas of the C languages offering the simplest
way to programming without development com-
plicate and external elements. In the next section
we describe the frameworks and give some imple-
mentations examples. In the last part, we show the
pure CUDA kernels implementations.

Ompss

Ompss (a programming model form Barcelona Su-
percomputer center based on OpenMP and StarSs)

is framework focusses on task decomposition para-
digm for developing parallel applications on cluster
environments with heterogeneous architectures. It
provides a set of compiler directives that can be
used to annotate a sequential code. Additional fea-
tures have been added to support the use of ac-
celerators like GPUs. OmpSS is based on StartsS a
task based programming model. It is based on an-
notating a serial application with directives that are
translated by the compiler. With it, the same pro-
gram that runs sequentially in a node with a single
GPU can run in parallel in multiple GPUs either
local (single node) or remote (cluster of GPUs). Be-
sides performing a task-based parallelization, the
runtime system moves the data as needed between
the different nodes and GPUs minimizing the im-
pact of communication by using affinity schedul-
ing, caching, and by overlapping communication
with the computational task.

OmpSs is based on the OpenMP programming
model with modifications to its execution and
memory model. It also provides some extensions
for synchronization, data motion and heterogen-
eity support.

1) Execution model: OmpSs uses a thread-pool
execution model instead of the traditional OpenMP
fork-join model. The master thread starts the exe-
cution and all other threads cooperate executing
the work it creates (whether it is from work sharing
or task constructs). Therefore, there is no need for a
parallel region. Nesting of constructs allows other
threads to generate work as well (Figure 1).

2) Memory model: OmpSs assumes that mul-
tiple address spaces may exist. As such shared
data may reside in memory locations that are not
directly accessible from some of the computa-
tional resources. Therefore, all parallel code can
only safely access private data and shared data
which has been marked explicitly with our ex-
tended syntax. This assumption is true even for
SMP machines as the implementation may real-
locate shared data to improve memory accesses
(e.g., NUMA).
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3) Extensions:

Function tasks: OmpSs allows to annotate func-
tion declarations or definitions Cilk (Duran, Pérez,
Ayguadé, Badia & Labarta, 2008), with a task dir-
ective. In this case, any call to the function creates
a new task that will execute the function body. The
data environment of the task is captured from the
function arguments.

Dependency synchronization: OmpSs inte-
grates the StarSs dependence support (Duran et al.,
2008). It allows annotating tasks with three clauses:
input, output, in/out. They allow expressing, re-
spectively, that a given task depends on some data
produced before, which will produce some data,
or both. The syntax in the clause allows specifying
scalars, arrays, pointers and pointed data.

-
- -

Figure 1. OmpSS execution model

Source: Barcelona supercomputing Center, p. 11. http://www.
training.prace-ri.eu/uploads/tx_pracetmo/OmpSsQuickOver-
viewXT.pdf

OpenACC

OpenACC is an industry standard proposed for hete-
rogeneous computing on SuperComputer Conferen-
ce 2011. OpenACC follows the OpenMP approach,
with annotation on Sequential code with compi-
ler directives (pragmas), indicating those regions of
code susceptible to be executed in the GPU.

The execution model targeted by OpenACC API-
enabled implementations is host-directed execution

with an attached accelerator device, such as a GPU.
Much of a user application executes on the host.
Compute intensive regions are offloaded to the ac-
celerator device under control of the host. The de-
vice executes parallel regions, which typically
contain work- sharing loops, or kernels regions,
which typically contain one or more loops which
are executed as kernels on the accelerator. Even in
accelerator-targeted regions, the host may orches-
trate the execution by allocating memory on the ac-
celerator device, initiating data transfer, sending the
code to the accelerator, passing arguments to the
compute region, queuing the device code, waiting
for completion, transferring results back to the host,
and de-allocating memory (Figure 2). In most cases,
the host can queue a sequence of operations to be
executed on the device, one after the other (Wolfe,
2013).

The actual problems with OpenACC are rela-
tionship with the only for-join model support and
support for only commercial compilers can sup-
port his directives (PGI, Cray and CAPS) (Wolfe,
2013; Reyes, Lopez, fumero & Sande, 2012). In the
last year, only one open source implementations
has support (accULL) (Reyes & Lopez-Rodriguez,
2012).

g
e\ X Task-Pool
" ((% \\
J \‘
\ Parallel Region
I
1}
/

&< Team

Figure 2. OpenACC execution model

Source: Barcelona supercomputing Center p. 11. http://www.
training.prace-ri.eu/uploads/tx_pracetmo/OmpSsQuickOver-
viewXT.pdf
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OpenMPC

The OpenMPC (OpenMP extendent for CUDA) is
a framework to hide the complexity of program-
ming model and memory model to user (Lee & Ei-
genmann, 2010). OpenMPC consists of a standard
OpenMP API plus a new set of directives and envi-
ronment variables to control important CUDA-re-
lated parameters and optimizations.

OpenMPC addresses two important issues on GP-
GPU programming: programmability and tunability.
OpenMPC as a front-end programming model pro-
vides programmers with abstractions of the com-
plex CUDA programming model and high-level
controls over various optimizations and CUDA-re-
lated parameters. OpenMPC included fully auto-
matic compilation and user-assisted tuning system
supporting OpenMPC. In addition to a range of
compiler transformations and optimizations, the
system includes tuning capabilities for generating,
pruning, and navigating the search space of com-
pilation variants.

OpenMPC use the compiler cetus (Dave, Bae,
Min & Lee, 2009) for automatic parallelization
source to source. The Source code on C has 3 level
of analyzing

- Privatization

- Reduction Variable Recognition

- Induction Variable substitution

OpenMPC adding a numbers of pragmas for an-
notate OpenMP parallel regions and select opti-
mization regions. The pragmas added has the
following form: #pragma cuda <<function>>.

OpenMP release 4

OpenMP is the most used framework for program-
ming parallel software with shared memory and
support on most of the existing compilers. With
the explosion of multicore and manycore system,
OpenMP gains acceptance on parallel program-
ming community and hardware vendors. From
his creation to version 3 the focus of APl was the
CPUs environments, but with the introduction of
GPUs and vector accelerators, the new 4 release
includes support for external devices (OpenMP,
2013). Historically, OpenMP has support Simple
Instruction Multiple Data (SIMD) model only fo-
cusses on fork-join model (Figure 3), but in this new
release the task-base model (Duran et al., 2008;
Podobas, Brorsson & Faxén, 2010) has been intro-
duced to gain performance with more parallelism
on external devices. The most important directives
introduced were target, teams and distributed. This
directives permit that a group of threads was distrib-
uted on a special devices and the result was copied
to host memory (Figure 3).

Host

Device

alloc]|..

Figure 3. OpenMP 4 execution model

Source: Intel Parallel OpenMP. http://www.theclassifiedsplus.com/video/video/axnA3kcLHK4/intel-parallel-openmp.html
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JACOBI ITERATIVE METHOD

Iterative methods are suitable for large scale linear
equations. There are three commonly used iterati-
ve methods: Jacobi’s method, Gauss method and
SOR iterative methods (Gravvanis, Filelis-Papado-
poulos & Lipitakis, 2013; Huang, Teng, Wahid &
Ko, 2009).

The last two iterative methods convergence
speed is faster than Jacobi’s iterative method but
lack of parallelism. They have advantages to Jaco-
bi method only when implemented in sequential
fashion and executed on traditional CPUs. On the
other hand, Jacobi’s iterative method has inher-
ent parallelism. It’s suitable to be implemented on
CUDA or vector accelerators to run concurrently
on many cores. The basic idea of Jacobi method is
convert the system into equivalent system then we
solved Equation (1) and Equation (2):

ay Xy, + A, + ayx; = by (1)
x=5B
Uy Xy + X, + AyX; = by

3 X3 + A3y Xy + AypXy = by

a a b

12 13 |
X = XXt —
ap ap ap

a a b

X, = 2]x1 _ 23x3+ b
ay a ar

a a b

v =By oy + 5
Qs Qs Qs

On each iteration we solve :

1
k k-1
x,-=—bl.—§a,..x j

a, J (2)

J=i

Where the values from the (k-7) iteration are
used to compute the values for the kth iteration.
The pseudo code for Jacobi method (Dongarra et
al., 2008):

Choose an initial guest to the solution x.
for k=1,2,...
fori=1,2,...n
x=0
for j=1,2,...,i-1,i+1,...n
X, =X + ai,jxj(k’”
end
x, = (b, +x)/ a
end
xW—x
check convergence; continue
if necessary

end

This iterative method can be implemented on a
parallel form, using shared or distributed memory
(Margaris, Souravlas & Roumeliotis, 2014) (Figure
4). For distributed memory, it needs some explicit
synchronization and data out-process data copy.
In share memory, it needs distribution and data
merge in memory. It uses the following method:

=D (b-(L+U)x") (3)

1 CORE 1

- CORE 2

- i (;OREn
Figure 4. Parallel form of Jacobi method on shared
memory (Alsemmeri, n.d.)

Source: Parallel Jacobi Algorithm https:/www.cs.wmich.

edu/~elise/courses/cs626/s12/PARALLEL-JACOBI-ALGO-
RITHM11.pptx

OPENMP IMPLEMENTATION

int n=LIMIT_N;
int m=LIMIT_M;
Aln][m]; / the D" matrix
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Anew [n][m];
y_vector([n]; //b vector
//fill the matriz with initial conditions

#pragma omp parallel for shared (m, n, Anew,

A)
for (intj=1;j<n-1; j++)
{
for(inti=1;i<m-1; i++)
{

Anewljl[il = 0.25f * (A[jI[i+1] + A[j][i-1]
+ A[j-TI0T + A[+111);
error = fmaxf (error, fabsf(Anew/[j][i]-Alj]
[i));
}
}

#pragma omp parallel for shared (m, n,
Anew, A)
for (intj=1;j<n-1; j++)

{
for(inti=1;i<m-1; i++)
{
A[jll] = Anew [j]1il;
!
}

if (iter % 100 == 0) printf(“%5d, %0.6f\n”,
iter, error);
iter++;
!
...//print the result

In this section, the for-joint model appears on
section annotate with #pragma omp parallel for
shared (m, n, Anew, A) where every threads (nor-
mally equals to cores) on system running a copy
of code with different data section shared all vari-
ables named on shared() section. When the size
of m and n is minor or equals to number of cores,
the performance is similar on GPUs and CPUs,
but when the size if much higher that number of
cores available, the performance of GPUs increas-
es because the parallelism level is higher (Fowers,
Brown, Cooke & Stitt, 2012; Zhang, Miao, & Wang,
2009).

OPENACC IMPLEMENTATION

int n=LIMIT_N;

int m=LIMIT_M;

Al[n][m]; // the D" matrix

Anew [n][m];

y_vector[n]; //b vector

//fill the matriz with initial conditions

#pragma omp parallel for shared (m, n, Anew,
A)
#pragma acc kernels
for(intj=1;j<n-1; j++)
{
for(inti=1;i<m-1; i++)
{
Anewl[jl[i] = 0.25f * (A[jILi+1] + A[jI[i-1]
+A[j-111] + Alj+111);
error = fmaxf( error, fabsf(Anew|jl[i]-Alj]
[iD);
1
}
#pragma omp parallel for shared (m, n, Anew,
A)
#pragma acc kernels
for(intj=1;j<n-1; j++)

{
for(inti=1;i<m-1; i++)
{
AljlliT = Anewljl[il;
}
!

if(iter % 100 == 0) printf(“%5d, %0.6f\n”,
iter, error);
iter++;

}

...//print the result

In this implementation appears a new annota-
tion #pragma acc kernels, where it indicates that
the code will be executed. This simple annotation
hides a complex implementation of CUDA kernel,
the copy of data from host to devices and devices
to GPU and definition of grid of threads and the
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data manipulation (Amorim & Haase, 2009; Sand-
ers & Kandrot, 2011; Zhang et al., 2009).

PURE CUDA IMPLEMENTATION
(WANG, N.D.)

int dimB, dimT;
dimT = 256;
dimB = (dim / dimT) + 1;

float err = 1.0;

// set up the memory for GPU
float * LU_d;

float * B_d;

float * diag_d;

float *X_d, *X_old_d;

float * tmp;

cudaMalloc( (void **) &B_d, sizeof(float) *
dim);

cudaMalloc( (void **) &diag_d, sizeof(float)
*dim );

cudaMalloc( (void **) &LU_d, sizeof(float) *
dim * dim);

cudaMemcpy( LU_d, LU, sizeof(float) * dim *
dim, cudaMemcpyHostToDevice);
cudaMemcpy( B_d, B, sizeof(float) * dim,
cudaMemcpyHostToDevice);
cudaMemcpy( diag_d, diag, sizeof(float) *
dim, cudaMemcpyHostToDevice);

cudaMalloc( (void **) &X_d, sizeof(float) *
dim);

cudaMalloc( (void **) &X_old_d, sizeof(float)
* dim);

cudaMalloc( (void **) &tmp, sizeof(float) *
dim);

//call to cuda kernels

// 2. Compute X by A x_old

cudaMemcpy( X_old_d, x_old, sizeof(float)
* dim, cudaMemcpyHostToDevice);
matMultVec<<<dimB, dimT>>>(LU_d, X_
old_d, tmp, dim, dim); / use x_old to compute
LU X_old and store the result in tmp
substract<<<dimB, dimT>>>(B_d, tmp,
X_d, dim);  // get the (B - LU X_old), which is
stored in X_d
diaMultVec<<<dimB, dimT>>>(diag_d,
X_d, dim); // get the new X

// 3. copy the new X back to the Host
Memory

cudaMemcpy( X, X_d, sizeof(float) * dim,
cudaMemcpyDeviceToHost);

/! 4. calculate the norm of X_new - X_old
substract<<<dimB, dimT>>>(X_old_d, X_d,
tmp, dim);
VecAbs<<<dimB, dimT>>>(tmp, dim);
VecMax<<<dimB, dimT>>>(tmp, dim);
// copy the max value from Device to Host
cudaMemcpy(max, tmp, sizeof(float),
cudaMemcpyDeviceToHost);
// cuda kernel for vector multiplication
__global__ void matMultVec(float * mat_A,
float * vec,
float * rst,
int dim_row,
int dim_col)
{
int rowldx = threadldx.x + blockldx.x *
blockDim.x; // Get the row Index
int aldx;
while(rowldx < dim_row)
{
rstfrowldx] = 0; // clean the value at first
for (inti=0; i < dim_col; i++)
{
aldx = rowldx * dim_col + i; // Get the
index for the element a_{rowldx, i}
rstfrowldx] += (mat_Alaldx] * vecli] ); // do
the multiplication

}
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}

rowldx += gridDim.x * blockDim.x;

}
__syncthreads();

// cuda kernel for vector subtraction

global__ void substract(float *a_d,

vec[tid] = vec[dim-1];

__syncthreads(); // sync all threads
dim/=2; // make the vector half size short.

}

float *b_d, 1
float *c_d,
int dim) The effort for writing three kernels, manage-

{

inttid =threadldx.x + blockldx.x * blockDim.x;

while (tid < dim)

{
c_d[tid] = a_d][tid] - b_d][tid];
tid += gridDim.x * blockDim.x;

ment the logic of grids dimensions, copy data from
hosts to GPU and GPU to host, the aspect of syn-
chronization thread on the groups of Threads on
GPU and some aspects as ThreadlD calculation
required high computation on hardware devices
and code programming.

}
} TEST TECHNIQUE

__global__ void VecMax(float * vec, int dim) We take the three implementations of Jacobi me-
{ thod (Pure OpenMP, OpenACC, OpenMPC) and
inttid = threadldx.x + blockldx.x * blockDim.x; running it on SUT (System Under Test) of Table 1,
while (dim > 1) and make multiples running with square matri-
{ ces of incremental sizes (Table 2), take processing
int mid = dim / 2; // get the half size time for analyzing the performance (Kim, n.d.;
if (tid < mid) // filter the active thread Sun & Gustafson, 1991) against the code number
{ lines needed on the algorithm.

if (vec[tid] < vec[tid+mid] ) // get the larger

pne between vecltid] and vec[tid+mid]
vecltid] = vec[tid+mid]; // and store the
arger one in vecltid] System

} CPU

Table 1. Characteristics of System under Test

Supermicro SYS-1027GR-TRF

Intel® Xeon® 10-core E5-2680 V2 CPUs @
2.80 GHz

Memory 32GB DDR3 1600MHz
NVIDIA Kepler K40 GPUs, 2880 Cuda Cores,

//deal with the odd case

if (dim % 2) //if dimis odd...we need care GPU Memory 12GB
about the last element oS Red Hat Enterprise Linux Server release 6.4
{ . PGI Compiler Accelerator Fortran/C/C++ 14
if (tid == 0) // only use the vec[0] to com- Compiler | se 9 for Linux
pare with vec[dim-1] L2 Cache 256K

{ L3 Cache 25MB

if (vec[tid] < vec[dim-1])
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Table 2. Matrix size performance comparison.

N;(%?x Implementation #idnﬁzn(geuc?ﬂgsg)
OpenMP with 20 Threads ~ 26.578
2048 OpenACC 74,970
OpenMPC 69,890
OpenMP with 20 Threads 74,280
4096 OpenACC 92,320
OpenMPC 75,120
OpenMP with 20 Threads 116,23
8096 OpenACC 98,00
OpenMPC 101,420
OpenMP with 20 Threads ~ 522.320
16192  OpenACC 190,230
OpenMPC 222,320
RESULT

The performance on the three frameworks (OpenMP
v. 4, OpenACC, OpenMPC) presents a similar re-
sult on square matrices with size of 2048; howev-
er, if the size ingresses to 4096, the performance
is little high on OpenACC implementation. With
huge matrices greater than 12288, another factor
as cache L2 and L3 has impact on process of data
copy from host to device (Bader & Weidendorfer,
2009; Barragan & Steves, 2011; Gupta, Xiang, &
Zhou, 2013). The performance of using a frame-
work against using direct GPU CUDA languages,
was just a bit (<5%), but the number of code lines
was 70% minor. This shows that the framework of-
fers useful programming tools with computational
performance advantage; however, the performance
gains on GPUs is on region of algorithms with high
level of parallelism, and low data coupling with the
host code (Dannert, Marek, & Rampp, 2013).

CONCLUSION

The new devices for high performance compu-
ting need standardized methods and languages
that permits interoperability, easy programming
and well defined interfaces for integrating the data

interchange between memory segments of the pro-
cessors (CPUs) and devices. Besides, it is neces-
sary that languages have support for working with
two or more devices on parallel using the same
code but running segments of high parallelism in
automatically form. OpenMP is the de facto stan-
dard for shared memory programming model, but
the support for heterogeneous devices (Gpus, ac-
celerators, fpga, etc.) is in very early stage, the
new frameworks and industrial APl need help for a
growing and maturating standard.
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FUTURE WORKS

It is necessary to analyze the impact of frameworks
for multiple devices on the same host for mana-
gement problems of memory locality, unified
memory between CPU and devices and I/O ope-
rations from devices using the most recent ver-
sion of its standard framework. With the support of
GPUs device on the following version of GCC5, it
is possible to obtain a compiler performance com-
parison between commercial and standards open
source solutions. Furthermore, it's necessary to re-
view the impact of using cluster with multi-devi-
ces, messaging pass and MPI integration for high
performance computing using the language exten-
sions (Schaa & Kaeli, 2009).
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ABSTRACT

This article proposes an Integration Model for Heal-
th Services whose extent of complexity of care are
included in the General System of Social Security
in Health (SGSS) aimed at setting up a basic tool to
enhance the effective and decisive response of the
Colombian Healthcare System in the use and mana-
gement of resources. The model allows carrying out
an intrinsic assessment of the system administration,
as well as of the resources and actors to be applica-
ble to other integration systems and management of
hospital resources at the national and international
consensus. The analysis of complex systems is taken
as fundamental issues to abstract the basic structure
of interactions and assessment of possible emerging
situations in the Management of Health System.
Keywords: Administration of Resources, Complex
Systems, Components in Health, Health System, In-
tegration in Health, Integration of Components, Inte-
gration Services Model, Management Model, System
of General Social Security in Health.

*k

RESUMEN

El articulo propone un Modelo de Integracion de
Servicios de Salud, cuyo grado de complejidad
de atencién estdn comprendidos en el Sistema
General de Seguridad Social en Salud (SGSS),
para instituir una herramienta basica que mejore
la respuesta efectiva y resolutiva del Sistema de
Salud colombiano en la utilizaciéon y gestién de
los recursos. El Modelo permite realizar una eva-
luacién intrinseca de la administracion del siste-
ma, de los recursos y actores para ser aplicable
a otros sistemas de integracién y administracién
de los recursos hospitalarios en el consenso na-
cional e internacional. Se toman como aspectos
fundamentales el andlisis de los Sistemas Com-
plejos para abstraer la estructura basica de inte-
racciones y evaluacién de posibles situaciones
emergentes en la Gestion del Sistema de Salud.
Palabras clave: Administracion de recursos, Sis-
temas complejos, Componentes en salud, Inte-
gracion en salud, Integracién de componentes,
Modelo de integracién de servicios, Modelo de
gestion, Sistema General de Seguridad Social en
Salud, Sistema en salud.
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INTRODUCTION

In Latin America and the Caribbean there are
marked concerns in health care (WHO, 2013). A
set of components limit the access to a timely and
quality health care, the lack of infrastructure re-
sources, “is part of a series of studies of the region-
al program of social policies in Latin America”
(SOPLA, 2012), equipping (technology), drugs, hu-
man talent and geographical distance, “Health and
TIC” (CEPAL, 2012), including the public or private
supply and the population demanding health care
services.

Advances in the setting up of appropriate mech-
anisms for management among the main actors
of a health system such as specialists, infrastruc-
tures and appropriate medical technologies and
system users have been important in recent years.
However, integration difficulties persist due to the
multiplicity of factors and legal, economic, social
frameworks which go even beyond the medical
ethics.

The referents review highlights a good number
of proposed solutions, such as the general struc-
ture model of the “information systems in hospi-
tal management”, where essential components are
grouped and monitored such as data information
(information  architecture), Hardware-Software-
Networking (Technology Architecture), process-
tasks-applications (domain architecture) and user
management (Architecture Control); however, the
component of quality of service delivery compon-
ent is neglected and no direct correlation is set be-
tween the management of technology resources
and its social impact (Joseph, 2001).

Another similar proposal is the strategy and
architecture of the information system of med-
ical care proposed by Bourke, where a manage-
ment model of physical and human resources is
depicted, but it fails to incorporate the element of
information management.

More recent past history, as the case of the
“medical information technology” journal: clinical

management and technology”, approaches the
issue of management models in health as a prob-
lem where obstacles in the human, technical and
normative dimension shall be overcome (Rojas,
2009).

Several studies carried out in low-and middle
income countries have shown that integrated sys-
tems in health services reduce the fragmentation of
caregiving, avoiding the duplication of infrastruc-
ture and services, lowering the production and
transaction costs, and they give a better response
to health needs of the community (CEPAL, 2012).

Furthermore, it is mandatory to establish the
cross-sectorial approach and relationships be-
tween components by measuring the effective and
decisive response through indicators resulting in
knowledge levels as proposed by Figuerola, where
the processes and procedures of the organization
(including standards, policies, templates, plans)
and the corporate basis of knowledge that is the
“knowledge management” which organizes, stores
and shares vital information, so that everyone can
be benefited from its use. Therefore, the structural
and functional presentation of relationships among
data, information, knowledge and wisdom must
be seen from producers and consumers (Figuerola,
2013).

Another approach to the management of resour-
ces and services is that addressed in the data fu-
sion model established by the Data Fusion Group,
known as JDL where the development of informa-
tion systems of multiple profitable sources requires
a standard method for specifying the processing
functions of data and control fusion, interfaces and
associated databases (Blasch et al., 2006)

The proposal herein set forth has its central axis
in the design of an integration model of health re-
sources and services to contribute to the reduc-
tion of production costs, effectiveness of services,
timeliness in service supply, real-time availability
and occupancy rates. Similarly, lesser unnecessary
hospitalizations, in the excessive use of diagnos-
tic testing and services, decreases in the time of
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hospital stay; involving own technological break-
throughs of scale economies and joint production
“in pursuit of increased production volumes and
productivity of the system”, as it is presented in
the Reorganization, Redesign and Network Mod-
ernization in Delivery of Health Services Program
(SDS, 2013).

The management and clinical technology of to-
day strongly appear the computer tools based on
GRD: plan, measure, evaluate and compare fo-
cused on cost control and performance evaluation
in Health in a comparative manner, delivering per-
formance and efficiency indicators (Emilio, 2014).

Therefore it was considered relevant within the
proposal, to develop simulation scenarios for the
scalable health model under an approach of inte-
gration of services and levels.

FUNDAMENTALS, METHODS AND
TECHNIQUES FORTHE MODEL
DEVELOPMENT

Interoperability

Decision 2004/387 / CE of the European Parliament
and of the Council on the inter-operating provision
of Electronic Management Services to the Public
Sector, Business and Citizens (IDABC). This docu-
ment defines the interoperability as “the ability of
Information Technology Services and Communica-
tion (TICs) and business processes they support and
exchange data and enable the sharing of informa-
tion and knowledge”, as well as the definition first
used in the document (DO387, 2004). As a case of
study of the Desert Storm, by Sterling D. Sessions
and Carl R. Jones, of the National Defense Univer-
sity, Washington DC, and added to the document
AAP-6 NATO as an official definition. “The abil-
ity of systems, units or forces to provide services
and accept services from other systems, units or
forces and to use the exchanged services to oper-
ate effectively” (AAP-6.1993). The interoperability
of processes is one of the fundamental pillars of a

management process, and it becomes an indicator
of the performance of a whole management system.
This indicator is embedded and optimized in part
generating implementation guides. Often the “out-
of-the-box” standards are abstract and flexible, so
that a message or document complying with the
standard does not necessarily suit a particular pur-
pose. The implementation guide should include
specific requirements or purposes, expression of
restrictions, detail of vocabularies, references to
standards (of HL7 or others), examples (fragments
and entire documents), textual expression (Word
or PDF document) and actionable (schematron or
style sheet). (HL7 Argentina, 2012).

As examples of implementation guidelines in
Spanish are those of SACYL, of Spain; that of the
Hospital Italiano de Buenos Aires, Argentina; that
of SUEIIDISS, of Uruguay, and HL7 Spain, of Spain;
and IHE XDS-I, for radiology; the PCC, for continu-
ity of clinical care, and the XDS-LAB, for labora-
tory. (HL7 Argentina, 2012).

What to order from systems providers? A state-
ment of compatibility with standards and specific
scenarios, through implementation guides: what
messages or types of documents are exchanged and
at what time? A good example of industry consen-
sus to this regard are the IHE profiles that combine
HL7, DICOM standards and its own adaptations
to carry the standards to the level of process. The
specification of vocabulary and cross-mapping of
support for each item of coded data, depending on
the application context, which can be expanded
over time (from in-hospital to regional interoper-
ability). These requirements for adaptation and
cross-mapping of vocabularies can be increased.
For instance, support for LOINC for LIS vendors;
SNOMED-CT support for LIS vendors for pathol-
ogy Anatomy; ICD10-ICD9- SNOMED-CT support
for EHR systems. Accompany us in the growth of
interoperability with the necessary flexibility to
start with the exchange of documents or messages
with a format, but with the awareness of being en-
abled to evolve to a higher level of interoperability
over time. Finally, the compliance with the security
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and privacy standards as defined by the local regu-
lations. (Regulations, 2010).

In the field of standardization there is HL7 Inter-
national, which provides a comprehensive frame-
work for the exchange, integration, and retrieval
of electronic health information that supports the
clinical practice and the management and assess-
ment of health services. It is the standard for the
exchange of clinical documents instead of mes-
sages. Their latest release is the 2005 Regulation,
CDA R2; while the CDA R3 is under discussion
(no ballot). ARDEN SYNTAX / GELLO: for the ex-
change of clinical rules. CCOW: for the integra-
tion of applications at the desktop level. It allows
an application vendor to integrate its HIS product
with a RIS with another vendor transparently to
the user, sharing the context on the desktop, at the
level of user ID, patient who is being consulted
and up to the study or examined report. (Regula-
tions, 2005).

Sources of Development

JavaSIG is the library that is best suited to imple-
ment the messages because, through a previous in-
vestigation, it is tailored to the particular needs of
this project. JavaSIG is an Open Source implemen-
tation of the HL7 RIM classes using Java technol-
ogy. Grails Framework Open Source oriented to an
agile development process. It bears the paradigm
of “coding by convention” to the Groovy language
and it is oriented to the development of web 2.0
applications. It is based on frameworks and Java
technologies like Spring, Groovy, Hibernate, Site
Mesh, Quartz Scheduling, Jetty, HSQLDB, among
others. Groovy is the Java’s dynamic language; it
presents a dynamic extension to the Java language,
providing all the features of Java API plus new
builders and features such as closures (a construc-
tion of functional programming). Furthermore,
Groovy is compiled to byte code which is not a
big performance problem. The Web Services E1
AXIS2 plugin for GRAILS to expose web services
easily on the PIX Manager component; in turn, for

the consumption on the PID component. Apache
Service Mix is an ESB Open Source developed by
the Apache foundation which complies with JSR
208 specification for JBI. It also features a Normal-
ized Message Router (NMR), as required by the JBI
specification. Mirth is an ESB independent Open
Source of platform, oriented to HL7 messaging.
The transmission occurs through defined channels
through a graphical interface. These channels oper-
ate with input and output connectors, filters and
transformers. Currently supported connectors are:
LLP, database, JMS, Web services SOAP, File, PDF,
FTP, and SFTP. Through the graphical interface, it is
possible to select which filters and transformations
are applied to the incoming message before send-
ing it to the output (HL7 Argentina, 2012).

Information System

An Information System is a set of strategies that en-
able to carry out an efficient management of pro-
cesses in an organization. “A group of people, data,
processes and information technology that interact
to collect, process, store and provide the informa-
tion necessary for the proper functioning of the or-
ganization.” (Whitten, Bentley & Dittman, 2004).
HLT is specifically involved in creating standards,
guidelines and flexible and cost-effective method-
ologies that enable the interoperability among the
information systems and exchange of electronic
health records.

Since 1994 the organization started to be ac-
credited as SDO (Standards Developing Organiz-
ation) by the ANSI (American National Standards
Institute). As organization, HL7 has a formal struc-
ture and procedures based on the pursue of consen-
sus and the balance of interests among the various
sectors represented: software companies, funders
of health, national states, universities, health care
providers, consultants, etc.

The early versions of the messaging stan-
dard 1.0 and 2.0 were adopted in 1987
and 1988 respectively. Since then, these
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were the succession of approved standards:
Approved standards:

Table 1. Messengers standard

1990 1994 1997 1999 2000 2003 2007 2008

2.1 2.2 23 231 24 2.5 2.6 2.7

Source: HL7 Manual (2013).

Architecture

Centralized and distributed architecture is defined,
and the distributed computing has been designed
to solve too big problems for any supercomputer
and mainframe. Thus, grid computing is naturally
a multiuser environment; therefore, the secure au-
thorization techniques are essential. The centrali-
zed architecture provides the computational power
and an incredible internal storage. The disadvanta-
ge of this architecture is that it lacks self-contained
computer processors (Tanenbaum, 2006).

In Architecture of Next Generation Networks
NGN, it is proposed as a project within the Inter-
national Telecommunication Union in 2002, seek-
ing to carry out the concepts defined for the Global
Information Infrastructure, the first recommenda-
tions on NGN: the Y.2001 (ITU, 2004) and Y.2011
(ITU, 2006), which generally define the Architec-
ture of Next Generation Networks and its charac-
teristics. Much of the work of conceptualization
within the ITU was based on the initial approaches
made by the European Telecommunications Stan-
dards Institute (ITU-T, 2011).

In works carried out by ETSI and ITU, the points
and interconnection interfaces are generally iden-
tified which should be available in the next genera-
tion network, highlighting the functional separation
of the network in plans (Strata) of Transportation
(Infrastructure) and services.

e User Network Interface (UNI - User Network
Interface): Through which the functions of end
users to NGN are interconnected.

e Network - Network Interface (NNI - Network
to Network Interface): Through which a network is
connected to another (different domains).

e Application Interfaces — Network (ANI - Ap-
plication to Network Interface): Through which
they are connected to providers of third party
applications.

Clinical management

It increases the efficiency and quality of health
care benefits provided by the health care units.
“The best use of human, professional, techno-
logical and organizational resources for the best
patient care.” (Merced, 2007). The clinical man-
agement model used is that of Joseph, where the
essential components such as data information
(information architecture), Hardware-Software-
Networking (Architecture of technology), process-
tasks-applications (domain architecture) and user
management (Control of architecture) is the gener-
al structure of information systems for health man-
agement (Joseph, 2001) and complemented with
which we will define the clinical management
model that will be developed and on which we
have been working so-far using the framework of
causal model system (See Figure 1).

It is started with the causal model as it allows to
state that health problems must include the dialect-
ical relationship between chance and necessity,
between casual and causal versus the determinism
and the mechanism prevailing in the analysis of
health science. It is relevant to keep in mind that
there is a consideration to that there is determin-
ation in indetermination and indetermination in
determination.
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Figure 1. Causal Model representing the Colombian health system components

Source: Own work.

Causal Model

It is framed within the setting of statistical cau-
sal inference, based on the estimate of the causal
effect on Medicine (Christakis & Iwashyna, 2003,
Hirano & Imbens, 2001), epidemiology (Oakes &
Church, 2007).

Experimental data in principle, if the assign-
ment to treatment is at random, the causal infer-
ence is simple, since the two groups have been
drawn from the same population, and by the treat-
ment construction and assignment it is independ-
ent from all reference variables. In an experimental
setup, something can go wrong. What does the
statistical adjustment require? (Barnard, Frangakis,
Colina, & Rubin, 2003).

When the compliance problem has a more
complicated structure, it is difficult to move for-
ward without making structural assumptions and
statistical corrections for the compliance (Green &
Gerber 2008).

One of the assumptions that the at random allo-
cation by itself is not justifiable is that “observation
in a unit should not be affected by the particular

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638 * Vol.

assignment of treatments to the other units” (Cox,
1958). Rubin (1978) refers to this case as “no inter-
ference between units.”

Observational data in a framework of observa-
tion, unless something special is done, the treat-
ment groups and untreated groups are almost
never balanced because the two groups do not ori-
ginate from the same population (Rosenbaum &
Rubin, 1983).

Complex Systems

Complex systems will be used as they consist of
several interconnected or interlinked parts whose
ties produce non-visible additional information
that makes it easier to accurately analyze the sys-
tem. Complex systems have more information than
that given by each independent part.

Several philosophers like Hesse (1963) and
Hughes (1997) have studied the traditional sci-
entific methodology and they have proposed the
same general outline as the modeling process. Ac-
cording to these authors, scientists models are built
to develop inference processes on certain aspects
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of previously observed actual systems. It is through
these inference processes, that the construction
and use of scientific models enhances the under-
standing of observed real systems.

A system can be defined as “a set of elements in
interaction” (Bertalanffy, 1968). Complex systems
(i.e. multicellular organisms, ant colonies, eco-
systems, economies, societies...) are characterized
by having a structure composed of several levels,
in these complex systems (Vicsek, 2002, Gilbert,
2004).

When there is one or more intermediate layers
between the real system and our formal model, the
modeling basic sequence is substantially modified
(Edmonds et al., 2001; Galan et al., 2008). Regard-
less of the nature or complexity of the real system,
to explain each stage in the modeling process of
complex systems we find it useful to distinguish
three roles (Drogoul et al., 2003): expert, modeler
and ruler.

Agent-based Simulation

The agent-based simulation has proven to be an
extremely useful technique for modeling com-
plex systems, and especially social systems (Conte
et al., 1997, Gilbert & Troitzsch, 1999; Gilbert &
Terna, 2000, Gilbert, 2007). Through agent-based
simulation, the modeler explicitly recognizes that
complex systems, and in particular the social sys-
tem, are the outcome of individual behaviors and
of their interactions.

The agent-based systems are characterized by
comprising multiple agents which are to a larger
or lesser extent autonomous, heterogeneous and
independent, each showing their own goals and
objectives, which generally are able to interact
with each other and with their environment (Tor-
sun, 1995).

The agent-based simulation has been widely
used to model systems in a wide range of scien-
tific disciplines, i.e. Economics (Tesfatsion, 2002,
2003), Finance (LeBaron, 2000), Natural Resource
Management and Ecology (Bousquet & Le Page,

2004; Lopez & Hernandez, 2008), Political Science
(Axelrod, 1997b; Johnson, 1999), Anthropology
(Kohler & Gumerman, 2000), Sociology (Comte et
al., 1997 Gilbert & Troitzsch, 1999; Gilbert, 2007),
Biology (Paton et al., 2004;. Walker et al., 2004a;
Walker et al., 2004b) or Medicine (Mansury et
al., 2002; Mansury & Deisboeck, 2004), in which
starting from rules determining the agents individ-
ual behavior, it is intended to infer the global prop-
erties of the whole system (Holland, 1998).

System Dynamics

The systems dynamics is another technique for
modeling complex systems. It is also widely used
for modeling systems in engineering (Ford, 1997;
Ford & Sterman, 1998), Economics and Business
(Sterman, 2000; Ellis, 2007), Planning and Project
Management (Rodrigues & Bowers, 1996; Lyneis
& Ford, 2007), Environmental Management (Mar-
tinez & Esteve, 2007), Public Health (Homer &
Hirsch, 2006) and even History (Cruz, 2007). Un-
like the agent-based simulation, the philosophy of
system dynamics deals on the concept of feedback
or circular causality between observable variables.
These observables can describe some attributes of
the basic components of the system. System dy-
namics studies observable variables of complex
systems and attempts to identify the causality re-
lationships (usually circular) existing among them.
Once such relationships are identified, it is easier
to explain the origin of the system global behavior
from their causal structure.

METHODOLOGIES

The following is an explanation of the elements re-
ferred to the processes of the health services inte-
gration model to be developed.

The data types will be quantitative and qualita-
tive for the variables of standardization, interoper-
ability, infrastructure, networks and service delivery
quality components, in an effort to categorize each
variable. This study uses the following three data
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gathering techniques: Observation, semi-structured
interviews and the documents review or analysis.
Accordingly the Rubin Causal Model (RCM)
is proposed, cases of observational and experi-
mental studies of causal inference and estima-
tion by matching methods (Rubin, 2006). In order
to identify, analyze and set the relations between
the components the following is provided: Experi-
mental data, observation of data and the matching
method, the most common method of multivariate
game based on the Mahalanobis distance (Coch-
ran & Rubin 1973; Rubin 1979, 1980), where the
framework of potential exits of Neyman is based on
the potential exits, and the allocation mechanism
where each component has a different exit poten-
tial according to a given conditional assignment.
Indicators as variables that attempt to measure or
objectify quantitatively or qualitatively collective
events (especially events bio demographic) are
identified, so as to backup political actions, evalu-
ate achievements and goals. WHO (2000) has de-
fined them as “variables used to measure changes.”
Health indicators often used in various combina-
tions, are used in particular to assess the effective-
ness and effects. Surveys will be carried out using
sampling techniques (population surveys) and data
from other sectors (economic, political and social
welfare). The method is quantitative and qualita-
tive. Donabedian (2001) was the first to propose
that the methods for assessing the quality of health
care can be applied to three basic elements of the
system: structure, process and outcomes. This ap-
proach is kept to monitor the quality of health and
hospital care.
For quality and usefulness of an indicator it is
primarily defined by the following criteria:
e Validity (if it actually measures what it intends to
measure).
 Reliability (if its repeated measurement under si-
milar conditions produces the same results).
* Specificity (to measure only the phenomenon to
be measured).
* Sensitivity (that can measure changes in the phe-
nomenon to be measured).

e Measurability (that is based on data available or
easy to obtain).

e Relevance (able to give clear answers to the most
important issues of health policies).

e Cost-effectiveness (that results justify the invest-
ment in time and other resources).

e |t is used for the developing of simulations, the
modeling of complex systems through agent-ba-
sed simulation and systems dynamics. Basically,
a system can be defined as “a set of interacting
elements” (Bertalanffy, 1968). Complex systems
(i.e. multicellular organisms, ant colonies, ecos-
ystems, economies, societies...) are characteri-
zed by having a structure composed by several
levels. In these complex systems (Vicsek, 2002,
Gilbert, 2004):

e The components of lower hierarchical levels
usually show a significant degree of autonomy.

e The behavior of the system arises from the sel-
f-organization of its components, without this or-
ganization is controlled or directed by any agent
out of the system.

e The basic components of these complex systems
(cells, ants, individuals, populations, busines-
ses...) perceive their environment and respond to
changes in it in potentially differently ways.

e Many complex systems are also adaptive. In the-
se adaptive systems (organisms, ecosystems, eco-
nomies, societies...), the behavior of the basic
components of the system may evolve over time,
resulting in some capacity to respond to changes
in the environment through mechanisms:

e Learning at the individual level, and/or

e Selection and Replacement (which results in a
population-based learning).

The inference resulting from running a com-
puter model has the following forms: The results
obtained when running the computerized simu-
lation are derived by deduction; therefore, using
the logical need to apply algorithmic rules which
define the model to the set of initial conditions
with which the model has been parameterized.
Thus, regardless of their larger or lesser degree of
internal complexity, a computerized simulation is
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a perfectly valid sufficiency theorem (see, for ex-
ample, Axtell, 2000).

The agent-based simulation has proven to be
a useful technique for modeling complex systems
and more specifically the social systems (Conte
et al., 1997; Gilbert & Troitzsch, 1999; Gilbert &
Terna, 2000; Gilbert, 2007). Through the agent-
based simulation, the modeler explicitly recogniz-
es that complex systems and particularly the social
systems are the result of individual behaviors of
their interactions. What distinguishes the agent-
based simulation from other modeling techniques
is the way the first abstraction of the real system is
built and consequently the formal model.

EXPECTED RESULTS

It is expected to test an integration of health servi-
ces model, which supported via software applica-
tions allows the optimization of human resources,
technology, financial resources allocation, acqui-
sition and processing of information from the va-
rious health centers and/or hospitals, clinics that
make up the health services in the Capital District.

It is foreseen this approach will lead to a subs-
tantial improvement in primary care of patients,
having access to basic information and medical
history as well as the resources available for their
care throughout the network, through the mana-
gement of relational databases that will be sup-
ported through mechanisms of cloud computing.
For the different health care facilities, and/or hos-
pitals, clinics that are networked, the Integration
System will allow the real-time access to each pa-
tient information and of the available resources
and interactions among them all. The system mo-
deling backed up by TICs seeks to speed up the en-
try and recognition process of the patients” specific
characteristics through infrastructures of biometric
identification such as fingerprints or the recogni-
tion of iris patterns.

The UML language is used for the model (Uni-
fied Modeling Language) (Engels, 2000); for the

application of user interfaces (Lopez, Espejo &
Drake, 2004) and databases: Visual Net and MySQL
as a valid tool to test the modeling through UML
(Parra, Ruiz & Paz, 2005). The cases of Use are car-
ried out for conventional and alternative scenarios
to a priori assess the behavior that application may
adopt to be developed as the Integration System
of Health Services support. Subsequently, the class
diagrams are proposed, specifying therein the vari-
ables, their types and operations on them. Finally,
the sequence diagram is established to see how all
the patient information, resources and underlying
interoperability in each process is displayed (proto-
cols of a patient’s admission or triage, resources al-
location, critical paths of processes, among others)
who arrive at any health care facilities and/or hos-
pitals, or clinics in the network.

Figure 2. Integration Model for the Distribution
Network

Source: Own work.

For testing the verification of the application,
the algorithmic complexity is assessed based on
the criteria of the system response-time in the light
of nominal scenarios or usual sequence (Perez,
Orejas & Fuentes, 2005), alarm generation in non-
conformity scenarios or faults such as the non-
previously validated users access into the system
and the capacity of memory used on the machines
where the application is running. For the case of
using the integration system of health services, see
Figure 2.
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CONCLUSIONS

This project draws a solution from the information
technology standpoint to the integration of servi-
ces issues to comprehensively care for health, the
fragmentation of processes, mitigate the scarce
prevention, the disruption of related bodies and
agencies and other collateral issues.

Regarding the project scientific and techno-
logical impacts on the participating institutions, the
development of technical knowledge is relevant
to contribute to the appropriation of international
best practices in the managing the Life Cycle of ap-
plications, their implementation and use.

Impacts on productivity and competitiveness
of the beneficiary entity to the related sector will
be transformed into a competitive and nationally
well-known sector as it will integrated into its ser-
vices the use of technology, communications and
service delivery being one of the first to provide
with the above mentioned components, the imple-
mentation of the project and will position us na-
tionally as a pioneer in health innovation, which
in turn reinforces the credibility and confidence
of the sector entities and will open the possibility
of offering this service to other regions at national
and international levels.

The impact on the population/territorial area in
epidemiological terms where the platform can gen-
erate analysis information to generate early warn-
ings about epidemiological phenomena will be
another asset. In socio — economic terms, the pro-
jectimplementation will allow to reduce the training
times, so as to increase productivity in integration
between the different health entities. Moreover it
will be sought to reduce the patients care costs per
patient for both the institutions and patients them-
selves, and thus achieving the optimization of finan-
cial, technological and professional resources.
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1. ALCANCE Y POLITICA EDITORIAL DE
LA REVISTA

La revista Tecnura es una publicacién institucio-
nal de la Facultad Tecnolégica de la Universidad
Francisco José de Caldas, de cardcter cientifico-
tecnolégico con periodicidad trimestral, que se
publica los meses de enero, abril, julio y octubre.
Su primer niimero apareci6 en el segundo semes-
tre del ano 1997 y hasta la fecha ha mantenido su
regularidad.

Las dreas temdticas de interés de la revista Tec-
nura estan enfocadas a todos los campos de la
ingenieria, como la electrénica, telecomunicacio-
nes, electricidad, sistemas, industrial, mecanica,
catastral, civil, ambiental, entre otras. Sin embar-
g0, No se restringe Unicamente a estas, también
tienen cabida los temas de educacion y salud,
siempre y cuando estén relacionados con la inge-
nieria. La revista publica dnicamente articulos de
investigacion cientifica y tecnolégica, de reflexion
y de revision. En consecuencia, durante la fase de
evaluacion editorial inicial se rechazaran los ar-
ticulos cortos y reportes de caso.

La revista Tecnura esta dirigida a docentes,
investigadores, estudiantes y profesionales inte-
resados en la actualizacién permanente de sus co-
nocimientos y el seguimiento de los procesos de
investigacion cientifico-tecnolégica, en el campo
de las ingenierias. Tiene como mision divulgar re-
sultados de proyectos de investigacion realizados
en el drea de las ingenierias, a través de la publi-
cacion de articulos originales e inéditos, realiza-
dos por académicos y profesionales pertenecientes
a instituciones nacionales o extranjeras del orden
publico o privado. Los articulos presentados deben
ser trabajos inéditos escritos en espanol o inglés;
sin embargo, tendran preferencia los articulos que
muestren conceptos innovadores de gran interés,
que traten sobre asuntos relacionados con el obje-
tivo y cobertura tematica de la revista.

Tecnura es una publicacién de caracter acadé-
mico indexada en el Indice Bibliogréfico Nacio-
nal Publindex (IBN) de Colciencias (Colombia) en
la categoria A2, en los Indices Regionales Scielo
Colombia (Colombia) y Redalyc (México), ademas
de las siguientes bases bibliograficas: INSPEC del
Institution of Engineering and Technology (Inglate-
rra), Fuente Académica Premier de EBSCO (Esta-
dos Unidos), CABI (Inglaterra), Index Corpernicus
(Polonia), Informe Académico de Gale Cengage
Learning (México), Periédica de la Universidad
Nacional Auténoma de México (México), Oceanet
(Espaia) y Dialnet de la Universidad de la Rioja (Es-
pafna). También hace parte de los siguientes direc-
torios: Sistema Regional de Informacién en Linea
para Revistas Cientificas de América Latina, el Ca-
ribe, Espafia y Portugal Latindex (México), Indice
Bibliografico Actualidad Iberoamericana (Chile),
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e-Revistas (Espaia), DOAJ (Suecia), Ulrich de Pro-
quest (Estados Unidos) y CABI (Reino Unido)

Tecnura es una revista arbitrada mediante un
proceso de revision entre pares de doble ciego. La
periodicidad de la conformacién de sus comités
Cientifico y Editorial esta sujeta a la publicacién
de articulos en revistas indexadas internacional-
mente por parte de sus respectivos miembros.

La Universidad Distrital Francisco José de Cal-
das, sus directivas, el Editor, el Comité Editorial y
Cientifico no son responsables por la opinién y cri-
terios expresados en el contenido de los articulos y
estos se publican bajo la exclusiva responsabilidad
de los autores y no necesariamente reflejan el pen-
samiento del Comité Editorial.

Ademas de la version impresa, la revista Tecnu-
ra tiene también una version digital disponible en
su pagina web: http:/revistas.udistrital.edu.co/ojs/
index.php/Tecnura

2. TIPOS DE ARTICULOS ACEPTADOS

De acuerdo con la clasificacién del Indice Nacional
de Publicaciones Cientificas y Tecnoldgicas (Publin-
dex-Colciencias), la revista Tecnura recibe postula-
ciones de articulos inéditos de los siguientes tipos:

e Articulos de investigacion cientifica y tecnolo-
gica: documento que presenta, de manera deta-
[lada, los resultados originales de proyectos de
investigacion. La estructura generalmente utiliza-
da contiene cuatro apartes importantes: introduc-
cién, metodologia, resultados y conclusiones.

e Articulos de reflexion: documento que presenta
resultados de investigacién desde una perspectiva
analitica, interpretativa o critica del autor, sobre un
tema especifico y recurriendo a fuentes originales.

e Articulo de revision: documento resultado de
una investigacion donde se analizan, sistemati-
zan e integran los resultados de las investigacio-
nes publicadas o no publicadas, sobre un campo
en ciencia o tecnologia, con el fin de dar cuenta
de los avances y las tendencias de desarrollo. Se
caracteriza por presentar una cuidadosa revision
bibliografica de al menos 50 referencias.

3. FORMATO DEL ARTICULO

3.1 Del lenguaje y estilo apropiado para la
redaccion de articulos

e Deben emplearse estructuras de oraciones sim-
ples, evitando las que sean demasiado largas o
complejas.

e El vocabulario empleado debe ser bésico y co-
muan. Los términos técnicos deben explicarse
brevemente; asimismo, el significado de las si-
glas debe presentarse la primera vez que estas
aparecen en el texto.

e Los autores son responsables de que su trabajo sea
conducido de una manera profesional y ética.

3.2 De la extension de los documentos

Los articulos no deben tener una extension de mas
de 25 paginas en tamafo carta y a doble espacio,
con margenes simétricas de 3 cm. Solo en el caso
de los articulos de revision las 25 paginas no inclu-
yen las referencias bibliogréficas.

3.3 Del formato de presentacion

Los articulos presentados deben ser trabajos
inéditos escritos en espafiol o inglés y deben digi-
tarse en Microsoft Word (2003 en adelante), cum-
pliendo con las siguientes indicaciones:

e Letra Times New Roman de 12 puntos (a excep-
cion de que se requiera lo contrario para algunos
apartados).

* Una columna a doble espacio.

e Todas las margenes de 3 cm.

e Los parrafos se justifican, y no debe haber espa-
cio entre los consecutivos.

e No incluir saltos de pagina o finales de seccién.

e Sise desea resaltar palabras o frases del texto, no
usar letra negrita sino letra cursiva.

e Los decimales se deben sefialar con coma (,) y no
con un punto.

e Los millares y millones se deben sefalar con un
espacio fino.
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e Evitar las notas de pie de pagina.
e Se debe utilizar nomenclatura ardbiga hasta el
tercer nivel Gnicamente.

3.4 De la estructura del documento

Los trabajos deben tener la siguiente estructura y
cumplir con los siguientes requisitos:

Composicion de un articulo

Todos los articulos remitidos para su evaluacion
y posible publicacién por parte de la revista Tec-
nura deben tener por lo menos los siguientes
componentes:

e Titulo en espanol e inglés.

e Informacion de los autores.

e Resumen en espafiol e inglés.

e Palabras clave en espanol e inglés.
* Introduccion.

e Conclusiones.

e Trabajo futuro (opcional).

e Agradecimientos (opcional).

e Referencias bibliograficas.

Si el articulo es de investigacion cientifica y tec-
nolégica deben tener, ademds de lo anterior, los
siguientes componentes:

e Metodologia.
e Resultados.
e Financiamiento.

Titulo

El titulo del articulo debera ser corto o dividi-
do en titulo y subtitulo, atractivo para el lector
potencial y escrito en mayuscula sostenida. Este
debe aparecer centrado entre las mdrgenes, escri-
to con letra Times New Roman, en negrita, tama-
fo de fuente 18. El titulo del articulo debe ir en
espafol e inglés separado por un espacio doble.
Maximo 20 palabras.

Autores

Después del titulo debe escribirse el (los) nombre(s)
completo(s) del (los) autor(es), acompafiado de los
datos biograficos basicos: titulo de pregrado, titulo de
posgrado, ocupacion o cargo, afiliacion institucional
(institucion donde labora), dependencia, ciudad, pais
y correo electrénico. La informacién anterior debe ir
inmediatamente debajo del nombre del autor.

Resumen

Debe establecer el objetivo y alcance del trabajo,
una descripcion clara y concisa de la metodologia,
los resultados y las conclusiones obtenidas. Maxi-
mo 250 palabras.

Palabras clave

Debe escogerse entre tres y diez palabras clave,
escritas en espafol con letra Times New Roman,
en negrita y cursiva.

Las palabras clave deben estar escritas en orden
alfabético y ser de uso estandarizado, para lo cual
se sugiere utilizar bases de datos internacionales
segln el drea del conocimiento. Por ejemplo, en
el drea de Eléctrica y Electrénica se sugiere utilizar
el tesauro de la UNESCO que se pueden encontrar
en la pagina: http://databases.unesco.org/thessp.

Abstract
Debe ser una traduccion correcta y precisa al idio-
ma inglés del texto que aparece en el resumen en
espanol.

Keywords
Debe ser una traduccion correcta y precisa al idio-
ma inglés de la lista de palabras clave en espafiol.
Las keywords deben estar escritas en el orden de
las palabras clave y ser de uso estandarizado, para lo
cual se sugiere utilizar bases de datos internacionales
segln el area del conocimiento. Por ejemplo, en el
area de Eléctrica y Electronica se sugiere utilizar los
Tesauros de la IEEE y/o World Bank que se pueden
encontrar en las siguientes paginas respectivamen-
te: http//www.ieee.org/documents/2009Taxonomy_
v101.pdf, http:/multites.net/mtsql/whysite/default.asp
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Introduccién

Debe describir el planteamiento general del tra-
bajo, asi como contexto, antecedentes, estado de
arte de la tematica abordada, objetivo y posible al-
cance del trabajo.

Metodologia

La redaccién de este apartado debe permitir a
cualquier profesional especializado en el tema re-
plicar la investigacion.

Resultados

Explicacion e interpretacién de los hallazgos. Si es
necesario, se puede presentar una discusion breve
y enfocada a la interpretacion de los resultados.

Conclusiones
Implicacién de los resultados y su relacion con el
objetivo propuesto.

Financiamiento

Mencionar la investigacién asociada de la cual se
derivo el articulo y la entidad que avalé y financié
dicha investigacion.

Agradecimientos
Preferiblemente deben ser breves y deben incluir
los aportes esenciales para el desarrollo del trabajo.

Ecuaciones

Deben aparecer centradas con respecto al texto
principal. Las ecuaciones deben ser referenciadas
con nlimeros consecutivos (escritos entre parénte-
sis cerca al margen derecho). Las ecuaciones se
citan en el texto principal empleando la palabra
ecuacion y seguida del ndmero entre paréntesis.
Las ecuaciones deben ser elaboradas en un editor
de ecuaciones apropiado y compatible con el pa-
quete de software InDesign, por ejemplo, el editor
de ecuaciones de Windows.

Tablas
Para el caso de realizacion de tablas se recomien-
da que estas no sean insertadas como imdgenes,

considerando que en este formato no pueden ser
modificadas. El encabezado de cada tabla debe in-
cluir la palabra Tabla (en negrita) seguida del na-
mero consecutivo correspondiente y de un breve
nombre de la tabla. El encabezado debe estar es-
crito con letra Times New Roman, en cursiva y ta-
mano de fuente 9.

No se presentan cuadros sino tablas y estas se
deben levantar automaticamente desde el procesa-
dor de textos. Las tablas deben ir nombradas y re-
ferenciadas en el articulo, en estricto orden. Toda
tabla debe tener en su parte inferior la fuente de la
que fue tomada, o mencionar que es autoria de los
autores si es el caso.

Figuras

Todas las figuras o fotografias deben enviarse en
formato PNG o TIFF con una resolucién minima
de 300 DPI, adaptadas a escala de grises.

El pie o rétulo de cada figura debe incluir la
palabra Figura (en negrita) seguida del nimero
consecutivo correspondiente y de una breve des-
cripcién del contenido de la figura. El pie de figu-
ra debe estar escrito con letra Times New Roman,
en cursiva y tamano de fuente 9. Las figuras de-
ben ir nombradas y referenciadas en el articulo, en
estricto orden. Toda figura debe tener también la
fuente de la que fue tomada, o mencionar que es
autoria de los autores si es el caso.

Simbolos

Los simbolos de las constantes, variables y fun-
ciones en letras latinas o griegas —incluidos en
las ecuaciones— deben ir en cursiva; los simbo-
los matemdticos y los nimeros no van en cursiva.
Se deben identificar los simbolos inmediatamen-
te después de la ecuacién. Se deben utilizar las
unidades, dimensiones y simbolos del sistema
internacional.

Cuando se empleen siglas o abreviaturas, se
debe anotar primero la equivalencia completa, se-
guida de la sigla o abreviatura correspondiente en-
tre paréntesis y en lo subsecuente se escribe solo
la sigla o abreviatura respectiva.
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Referencias bibliogréficas

El estilo de citacién de referencias adoptado por
la revista Tecnura es APA sexta edicion. Las citas,
referencias bibliogréficas e infografia se incluyen
al final del articulo. Las referencias bibliografi-
cas deben ordenarse alfabéticamente de acuer-
do con el primer apellido del primer autor, sin
numeracion.

Solo deben aparecer las referencias que fueron
citadas en el texto principal del trabajo, en las ta-
blas o en las figuras. Es decir, en la lista no deben
aparecer otras referencias aunque hayan sido con-
sultadas por los autores para la preparacion del tra-
bajo. Sugerimos utilizar herramientas como: Citas
y bibliografia de Microsoft Word (para APA sexta
edicién versién 2013 o superior), Zotero, Mende-
ley, entre otras.

El llamado de una referencia bibliografica se in-
serta en el texto, en el punto pertinente, bajo cier-
tas caracteristicas:

e Si la oracion incluye el apellido del autor, solo
se debe escribir la fecha dentro de un paréntesis,
ejemplo:

Cuando Vasco (2012), analizé el problema de
presentado en ...

e Cuando no se incluye el autor en la oracion,
debe ir entre el paréntesis el apellido y la fecha.
La investigacién de materiales dio una visién en

el area (Martinez, 2012).

e Si el documento u obra tiene mas de dos auto-
res, se debe citar la primera vez con todos los
apellidos.

1990. (Fernandez Morales, Villa Krieg & Caro de

Villa, 2008) ....

e En las menciones siguientes, solo se debe escri-
bir el primer apellido del autor, seguido de un
“etal”.

En cuanto al estudio de las aguas, Fernandez Mo-
rales et al. (2008) encontraron que ...

e Cuando el documento u obra tiene més de seis
autores, se debe utilizar desde la primera men-
cion el “et al”.

A continuacién se describen una serie de

ejemplos de las referencias mads utilizadas, segin

el estilo de referencias adoptado por la revista
Tecnura:

Publicaciones Periodicas:
Forma Basica
Apellidos, A. A., Apellidos, B. B. & Apellidos, C.
C. (Fecha). Titulo del articulo. Titulo de la publica-
cion, volumen (ndmero), pp. Xx-xX. doi: XX.XXXXXXX

Articulo bdsico

Guevara Lépez, P, Valdez Martinez, J., Agudelo
Gonzalez, J., & Delgado Reyes, G. (2014). Aproxi-
macién numérica del modelo epidemiolégico Sl
para la propagacién de gusanos informaticos, simu-
lacion y analisis de su error. Revista Tecnura, 18(42),
12 -23. doi:http://dx.doi.org/10.14483/udistrital.
jour.tecnura.2014.4.a01

Articulo web
Rodriguez Péez, S., Fajardo Jaimes, A., & Paez
Rueda, C. (2014). Hibrido rat-race miniaturizado
para labanda ISM 2,4 GHZ. Revista Tecnura, 18(42),
38-52. Recuperado de http://revistas.udistrital.edu.
co/ojs/index.php/Tecnura/article/view/8059/9675

Libros:
Forma Basica
Apellidos, A. A. (Aho). Titulo. Ciudad: Editorial.
Apellidos, A. A. (Ano). Titulo. Recuperado de
http://WWW.XXXXXX.XXX
Apellidos, A. A. (Afo). Titulo. doi: XX.XXXXXXXX
Apellidos, A. A. (Ed.). (Aho). Titulo. Ciudad:
Editorial.

Libro con autor
Goleman, D. (2000). La inteligencia emocional:
Por qué es mas importante que el cociente intelec-
tual. México: Ediciones B.

Libro con editor:
Castillo Ortiz, A. M. (Ed.). (2000). Administra-
cién educativa: Técnicas, estrategias y practicas ge-
renciales. San Juan: Publicaciones Puertorriquefas
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Libro version electrénica:

Montero, M. & Sonn, C. C. (Eds.). (2009).
Psychology of Liberation: Theory and appli-
cations. [Versién de Springer]. doi: 10.1007/
978-0-387-85784-8

Informe técnico:
Forma Basica
Apellidos, A. A. (Afo). Titulo. (Informe Nam.
xxx). Ciudad: Editorial

Informe con autores
Weaver, P. L., & Schwagerl, J. J. (2009). U. S. Fish
and Wildlife Service refuges and other nearby reser-
ves in Southwestern Puerto Rico. (General Technical
Report 1ITF-40). San Juan: International Institute of
Tropical Forestry.

Informe de una agencia del gobierno
e Federal Interagency Forum on Child and Fami-
ly Statistics. America’s Children: Key National In-
dicators of Well-Being, 2009. Washington, DC:
U.S. Government Printing Office. Recuperado de
http://www.childstats.gov/pubs/index.asp

Tesis
Forma Basica
Apellidos, A. A. (ARo). Titulo. (Tesis inédita de
maestria o doctorado). Nombre de la institucion,
Localizacion.

Tesis inédita, impresa
Munoz Castillo, L. (2004). Determinacion del
conocimiento sobre inteligencia emocional que po-
seen los maestros y la importancia que le adscriben
al concepto en el aprovechamiento de los estudian-
tes. (Tesis inédita de maestria). Universidad Metro-
politana, San Juan, PR.

Tesis de base de datos comercial
Santini Rivera, M. (1998). The effects of various
types of verbal feedback on the performance of se-
lected motor development skills of adolescent males
with Down syndrome. (Tesis doctoral). Disponible

en la base de datos ProQuest Dissertations and The-
ses. (AAT 9832765).

Tesis web

Aquino Rios, A. (2008). Andlisis en el desarrollo
de los temas transversales en los curriculos de es-
panol, matemadticas, ciencias y estudios sociales del
Departamento de Educacion. (Tesis de maestria,
Universidad Metropolitana). Recuperado de http://
suagm.edu/umet/biblioteca/UMTESIS/Tesis_Educa-
cion/ARAquinoRios1512.pdf

Estandares o patentes
Forma Basica

Apellidos, A. A. Titulo de la patente. Pais y nime-
ro de la patente. Clasificacion de la patente, fecha
de concesion oficial. Ndmero y fecha de solicitud
de la patente, paginacién.

Hernandez Suarez, C. A., Gomez Saavedra, V.
A., & Pefia Lote, R. A. Equipo medidor de indicado-
res de calidad del servicio de energia eléctrica para
usuario residencial. Colombia., 655. G4F 10/0, 15
de Marzo 2013. 27 de Octubre 2011, 147

4. ENVIO DE ARTICULOS

Los autores deben enviar sus articulos a través de la
aplicacion para tal fin del Open Journal System en
formato digital, adjuntando la carta de presenta-
cién y el formato de informacién articulo-autores.

4.1 Carta de presentacion

El articulo debe ir acompanado de una carta de
presentacion dirigida al director y editor de la re-
vista, Ing. Cesar Augusto Garcia Ubaque, donde
incluya:

e Solicitud expresa de considerar su articulo para

publicarlo en la revista Tecnura.

e Titulo completo del trabajo.

e Nombres completos de todos los autores del

trabajo.

e Certificacion de la originalidad y el caracter iné-

dito del trabajo.
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e Exclusividad de su remisién a la revista Tecnura.
e Confirmacién de la autoria con la firma de todos
los autores.
Esta carta deberd estar firmada por todos los au-
tores, escanearse y enviarse junto con los demas
documentos solicitados.

4.2 Formato de informacion articulo-autores

El articulo ademas debe ir acompafnado de un for-
mato de informacion sobre el articulo y sus auto-
res, el cual se puede descargar de la pagina web
de la revista Tecnura: http://revistas.udistrital.edu.
co/ojs/index.php/Tecnura, en la seccién “Forma-
tos y Documentos”. Es importante completar todos
los campos de informacién solicitados, algunos de
ellos tienen comentarios para aclarar mejor lo que
se esta solicitando. El formato no debe escanearse.

4.3 Articulo

Articulo en formato digital (Word 2003 en adelante)
que cumpla con todas las normas de presentacion
descritas en el capitulo 3, “Formato del articulo”,
de la presente en las instrucciones a los autores.

5. PROCEDIMIENTO PARA LA
PUBLICACION

El procedimiento que sigue la revista Tecnura
para la evaluacién y posible publicacién de los tra-
bajos enviados por los autores es el siguiente en
orden cronolégico:

1. Envio del articulo acompanado de la carta de
presentacion y el formato de informacion por
parte de los autores.

2. Notificacién al autor de correspondencia de la
recepcion del articulo.

3. Verificacion del tema del articulo con respecto a
las areas de interés de la revista.

4. Verificacion de las normas de presentacién por
parte del monitor de la revista.

5. Notificacién al autor de correspondencia de la
evaluacién de las normas de presentacion.

6. Envio de las correcciones realizadas por los au-
tores con respecto a la evaluacién de las normas
de presentacion.

7. Envio del articulo a los arbitros seleccionados.

8. Notificacion del inicio del proceso de arbitraje
del articulo.

9. Notificacién a los autores de la decision tomada
por el Comité Editorial y de las evaluaciones he-
chas por los arbitros.

10.Envio de las correcciones realizadas por los
autores con respecto a las evaluaciones de los
arbitros.

11.Estudio de la version final del articulo y de las
evaluaciones de los arbitros por parte del Comité
Editorial.

12.Envio por parte de los autores de la carta de ce-
sion de derechos al editor de la revista.

13.Envio de la versiéon con correccion de estilo y
diagramada a los autores.

14.Verificacién de errores y aprobacion final de la
versién con correccion de estilo y diagramada
por parte de los autores.

15.Publicacién del articulo en el niimero correspon-
diente de la revista Tecnura.

16.Notificacion a los autores de la publicaciéon del
nimero de interés.

17.Envio de un ejemplar de la revista a cada autor
del articulo publicado.

6. PROCESO DE ARBITRAJE DE
ARTICULOS

Considerando la periodicidad trimestral de la revis-
ta, el Comité Editorial realiza cuatro convocatorias
anuales para la recepcion de articulos, aproxima-
damente en los meses de febrero, mayo, agosto y
noviembre. Los articulos serdn recibidos hasta la
fecha mdxima establecida en cada convocatoria.
Una vez recibidos los articulos el monitor de la
revista realizard una primera evaluacién de forma
para verificar que cumplan con todos los elemen-
tos mencionados en esta guia de instrucciones a
los autores. Luego de recibir nuevamente el articu-
lo con las correcciones de forma solicitadas por el
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monitor de la revista, este serd sometido a evalua-
cién por tres pares académicos (paulatinamente se
espera incorporar un mayor niimero de pares ex-
ternos que participen en el proceso).

Cada articulo remitido a la revista Tecnura es
revisado por dos pares académicos externos a la
institucion de los autores, mediante un proceso
de “revision entre pares” (Peer-review) de doble-
ciego, garantizando el anonimato de los autores y
evaluadores; se considera confidencial todo traba-
jo recibido y asi se le exige a sus evaluadores.

Las posibles conclusiones de los resultados de
la evaluacién por parte de los arbitros son Unica-
mente tres: publicar el articulo sin modificaciones,
publicar el articulo con modificaciones o no publi-
car el articulo.

Posteriormente, el Comité Editorial toma la de-
cisién de publicar o no los articulos, con base en
los resultados de las evaluaciones realizadas por
los arbitros asignados. En caso de existir contradic-
ciones en las evaluaciones con respecto a la publi-
cacion de un articulo, el Comité Editorial enviara
el articulo a un tercer arbitro y se inclinara por las
dos evaluaciones que tengan el mismo concepto
respecto a la publicacién del articulo.

En cada convocatoria el autor de corresponden-
cia debe sugerir al menos cuatro posibles evalua-
dores externos a su institucién laboral, los cuales
deben ser especialistas en el tema especifico del
articulo remitido, tener al menos maestria y por lo
menos dos deben ser internacionales. Los posibles
evaluadores pueden pertenecer a una universidad
o industria, publica o privada; de estos se debe
proporcionar el nombre completo, su formacién
académica mas alta, su afiliacion institucional y
su correo electrénico. Estos cuatro potenciales

evaluadores serdn analizados por el Comité Edito-
rial a fin de ampliar la base de datos de los arbitros
de la revista Tecnura.

El Comité Editorial de la revista Tecnura se re-
serva los derechos de impresién, reproduccion to-
tal o parcial del articulo, asi como el de aceptarlo
o rechazarlo. Igualmente, se reserva el derecho de
hacer cualquier modificacién editorial que estime
conveniente; en tal caso el autor recibird por es-
crito recomendaciones de los evaluadores. Si las
acepta, deberd entregar el articulo con los ajustes
sugeridos dentro de las fechas fijadas por la revista
para garantizar su publicacién dentro del nimero
programado.

6. CONTACTO

Para cualquier solicitud de informacién adicional
puede comunicarse a través del correo electrénico
de la revista Tecnura: tecnura@udistrital.edu.co,
tecnura@gmail.com, o por mensajeria con el Ing.
Cesar Augusto Garcia Ubaque, Director y Editor
de la revista Tecnura, a la direccion:

Revista Tecnura
Sala de Revistas, Bloque 5, Oficina 305.
Facultad Tecnolégica
Universidad Distrital Francisco José de Caldas
Transversal 70 B N. 73 a 35 sur
Teléfono: 571 — 3238400 Extensién: 5003
Celular: 57-3153614852
Bogota D.C., Colombia
Email:  tecnura@udistrital.edu.co, tecnura@
gmail.com

Pagina web: http:/revistas.udistrital.edu.co/ojs/

index.php/Tecnura
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1, SCOPE AND EDITORIAL POLICY OF
THE JOURNAL

Tecnura journal is an institutional publication of
the Faculty of Technology from University Francis-
co José de Caldas. It is a scientific and technologi-
cal publication with quarterly periodicity, which is
published in January, April, July and October. The
first issue appeared in the second semester of 1997
and up to now it has maintained its regularity.

The areas of interest of Tecnura journal are focu-
sed on all engineering fields such as electronics, te-
lecommunications, electricity, systems, industrial,
mechanics, cadastral, civil, environmental, among
others. However, it is not restricted to those; it also
has room for education and health issues, as long
as they are related to engineering. The journal will
only publish concerning scientific and technologi-
cal research, reflection and revision. In consequen-
ce, during the initial editorial evaluation, short
articles and case reports will be rejected.

Tecnura Journal is addressed for professors, re-
searchers, students and professionals interested
in permanent update of their knowledge and fo-
llow-up of scientific-technologic processes in the
field of engineering. Tecnura Journal has as mis-
sion to disseminate results of research projects in

the areas of engineering, through the publication
of original and unpublished articles, conducted by
academics and professionals accredited by public
or private national or foreign institutions. Articles
submitted to Tecnura journal must be unpublished
works written in Spanish or English; nevertheless,
preference will be given to articles that show inno-
vative concepts of great interest, related to the ob-
jective and scope of the journal.

Tecnura is an academic publication indexed in
the Indice Bibliografico Nacional Publindex (IBN)
from Colciencias (Colombia) at the category A2,
in the Regional Index Scielo Colombia (Colombia)
and Redalyc (México); as well as of the following
bibliographic databases: INSPEC of the Institution
of Engineering and Technology (England), Fuente
Académica Premier of EBSCO (United States), CABI
(England), Index Copernicus (Poland), Informe Aca-
démico of Gale Cengage Learning (México), Perio-
dica from the Universidad Nacional Auténoma de
México (México), Oceanet (Spain) and Dialnet from
the Universidad de la Rioja (Spain). It is also part
of the following directories: Online Regional In-
formation System for Scientific journals from Latin
America, Caribbean, Spain and Portugal Latindex
(México), Bibliographic Index Actualidad Iberoa-
mericana (Chile), e-Revistas (Spain) , DOAJ (Swe-
den) and Ulrich of Proquest (United States).

Tecnura is a journal arbitrated by a revision pro-
cess among double blind peers. The schedule of
the conformation of its scientific and editorial com-
mittee is subject to the publication of articles in in-
ternationally indexed journals by their members.

District University Francisco José de Caldas,
its directors, the editor, the editorial and scientific
committee are not responsible for the opinions and
the criteria expressed in the content of the articles



Instructions for authors

TECNURA JOURNAL

and they are published under the exclusive respon-
sibility of the authors and do not necessarily reflect
the ideas of the editorial committee.

In addition to the printed version, Tecnura jour-
nal also has a digital version available in its web
page: http://revistas.udistrital.edu.co/ojs/index.
php/Tecnura/index

2. TYPE OF ARTICLES ACCEPTED

According to the classification of the Scientific and
Technological Publications National Index (Publin-
dex-Colciencias), Tecnura journal receives nomina-
tions of unpublished articles on the following topics:

e Scientific and technological research articles:
document that presents, in a detailed manner, the
original results of research projects. The generally
used structure contains four main parts: introduc-
tion, methodology, results and conclusions.

e Reflection articles: document that presents re-
search results from an analytic, interpretative or
critic perspective from the author, dealing with a
specific topic and adopting original sources.

* Review article: document that results from a re-
search where the results of published or unpubli-
shed research on a science or technology field are
analyzed, systematized and integrated, in order
to state the advances and tendencies in develop-
ment. It is characterized for presenting a careful
bibliographical review of at least 50 references.

3. ARTICLE FORMAT

3.1 About the appropriate language and style
for articles writing

e Authors must use simple sentence structures,
avoiding those too long or complex.

e The vocabulary used must be basic and com-
mon. Technical language must be briefly explai-
ned; also, the meaning of the acronyms must be
given the first time they appear in the text.

e The authors are responsible for their work to be
conducted in a professional and ethic manner.

3.2 About the length of articles

The articles should not exceed 25 pages in letter
size and double space, with symmetric margins of
3 cm. Only in the case of review articles, these 25
pages do not include references.

3.3 About the presentation format

Submitted articles must be unpublished works
written in Spanish or English, and must be typed
in Microsoft Word (2003 and beyond), complying
with the following indications:

e Times New Roman letter, 12 point (except it is
required for some sections).

* One column, double-spaced.

e All the margins 3 cm.

* Paragraphs should be justified without spaces be-
tween consecutives and without cutting words.

e Do not include page breaks or section finals.

e If you want to emphasize words or phrases from
the text, do not use bold letters but italic.

e Decimals should be pointed with comma (,) and
not with period (.).

e Thousands and millions should be pointed with
a fine space.

* Avoid footnotes.

e Arabic nomenclature must be used only until the
third level.

3.4 About the article structure

The papers must have the following structure and
comply with the following requirements:

Composition of an article
All the articles submitted for evaluation and possi-
ble publication by the Tecnura Journal must have at

least the following components:

e Title in Spanish and English.
e Information about the authors.

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638
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e Abstract in Spanish and English.

e Key words in Spanish and English.
* Introduction.

e Conclusions.

e Future work (optional).

e Acknowledgements (optional).

e Bibliographical references.

If the article is related to scientific and techno-
logical research must have, in addition to the abo-
ve, the following components:

e Methodology.
e Results.
¢ Financing.

Title

The title of the article must be short or divided in
title and subtitle, attractive for the potential reader
and written in capital letters. It should appear cen-
tered between the margins, written in Times New
Roman letter, in bold, font size 18. The title of the
article has to be in Spanish and English separated
by double space. Maximum 20 words.

Authors

After the title the complete name(s) of the author(s)
must be written, with their basic biographical data:
undergraduate degree, graduate degree, occupa-
tion or position, institutional affiliation (institution
where they work), dependency, city, country and
e-mail. The above information must be immedia-
tely below the author's name.

Abstract

The scope and purpose of the work must be esta-
blished giving a clear and concise description of
the methodology, results presented and the con-
clusions obtained. Maximum of 250 words.

Keywords

Between three and ten keywords must be chosen,
written in English with Times New Roman letter in
bold and italic.

Key words must be written in alphabetic order
and must be as standard as possible, for which it is
suggested the use of international databases accor-
ding to the area of knowledge. For example, in the
area of Electrics and Electronics it is suggested to
use the IEEE thesaurus and World Bank thesaurus
that can be accessed at the following web pages
respectively:

http://www.ieee.org/documents/2009Taxo-
nomy_v101.pdf,

http://multites.net/mtsql/wb/site/default.asp

Abstract in Spanish

Translation to the Spanish language of the text
that appears in the abstract, it must be correct and
precise.

Keywords in Spanish
Translation to the English language of the keywords
in Spanish, they must be correct and precise.
Keywords must be written in the order of the
English version and must be as standard as possi-
ble, for which it is suggested the use of internatio-
nal databases according to the area of knowledge.
For example, in the area of Electrics and Electro-
nics it is suggested to use the UNESCO thesaurus
that can be found at the following web pages:
http://databases.unesco.org/thessp

Introduction

The general idea of the work must be described, its
context, backgrounds, state of the art of the topic,
objectives and possible scope of the work.

Methodology
The writing of this part must allow any specialized
professional in the topic to replicate the research.

Results

Explanation and interpretation of the findings. If
necessary, a brief discussion focused on the inter-
pretation of the results can be presented.
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Conclusions
Implication of the results and their relation to the
proposed objective.

Financing

Mention the associated research from which the
article was derived and the entity that endorsed
and financed the research.

Acknowledgments
They should preferably be brief and include the es-
sential contributions for the development of the paper.

Equations

Equations must appear centered with respect to the
main text. They must be referenced with consecu-
tive numbers (written in parenthesis close to the
right margin). Equations are cited in the main text
employing the word equation, and followed by the
number in parenthesis. Equations must be made
in an appropriate equation editor and compatible
with “InDesign” software, as for example the equa-
tion editor of Windows.

Tables

In the case of implementation of tables, it is re-
commended that these are not inserted as ima-
ges, considering that in that format they cannot be
modified. The title of each table must include the
word table (in italic) followed by the correspon-
ding consecutive number and a brief name of the
table. The heading must be written in TNR letter,
italic and font size 9.

Charts are not presented but tables and they
should be automatically raised from the text pro-
cessor. Tables should be named and referenced in
the article, in strict order. Every table must have at
the bottom the source from which it was taken, or
to mention self-authorship if it is the case.

Figures

All the figures or pictures have to be sent in JPG
or PNG format with a minimum resolution of 300
DPI, adapted to gray scale.

The footnote or name of each figure must include
the word figure (in italic) followed by the corres-
ponding consecutive number and a brief descrip-
tion of the content of the figure. The footnote of
the figure must be written in Times New Roman
letter, italic and font size 9. Figures must be na-
med and referenced in the article, in strict order.
Every figure must have at the bottom the source
from which it was taken, or to mention self-au-
thorship if it is the case.

Symbols
The symbols of the constants, variables and func-
tions in Latin or Greek letters —included in the
equations- must be in italic; the mathematical
symbols and the numbers do not go in italic. The
symbols must be identified immediately after the
equation. Units, dimensions and symbols of the in-
ternational system must be used

When using acronyms or abbreviations, the
complete equivalence should be written first, fo-
llowed by the corresponding acronym or abbrevia-
tion in parenthesis and from there it is only written
the respective acronym or abbreviation.

Bibliographic references

The adopted reference citation style by Tecnura
journal is APA sixth edition. The cites, bibliogra-
phic references and infography are included in the
last part of the article. The bibliographic references
must be alphabetically ordered according to the
author’s first surname, without numbering,.

There should only appear the cited references in
the main body of the work, in tables or in figures. It
means, in the list there should not appear other re-
ferences although they have been consulted by the
authors for the work preparation. We suggest using
tools such as: Cites and bibliography from Micro-
soft Word (for APA sixth edition version 2013 or
superior), Zotero, Mendeley, among others.

The call for a bibliographic reference is inser-
ted in the text, at the pertinent point, under certain
characteristics:

Tecnura e p-ISSN: 0123-921X e e-ISSN: 2248-7638



Instructions for authors

TECNURA JOURNAL

e If the sentence includes the author’s surname, it
should only be written the date into a parenthe-
sis, for instance:

Cuando Vasco (2012), analizé el problema de

presentado en ...

e When the author is not included in the sentence,
surname and date must be into a parenthesis.

La investigacion de materiales dio una vision en

el drea (Martinez, 2012).

e |If the document or work has more than two au-
thors, the first cite must include all the surnames.
1990. (Fernandez Morales, Villa Krieg & Caro de

Villa, 2008) ....

* In the following mentions, it must only be written
the author’s first surname, followed by “et al.”.

En cuanto al estudio de las aguas, Fernandez Mo-
rales et al. (2008) encontraron que ...

e When the document or work has more than six
authors, it must be used from the first mention
“etal..

Next it is described a series of examples of the

more used references, according to the reference

style adopted by Tecnura journal:

Periodical Publications:

Basic Form

Surnames, A. A., Surnames, B. B. & Surnames, C.
C. (Date). Article’s title. Title of the publication,
volume (number), pp. xx-xx. doi: XX.XXXXXXX

Basic article

Guevara Lépez, P, Valdez Martinez, J., Agudelo
Gonzalez, J., & Delgado Reyes, G. (2014). Aproxi-
macién numérica del modelo epidemiolégico Sl
para la propagacién de gusanos informaticos, simu-
lacion y analisis de su error. Revista Tecnura, 18(42),
12 -23. doi:http://dx.doi.org/10.14483/udistrital.
jour.tecnura.2014.4.a01

Web article
Rodriguez Pdez, S., Fajardo Jaimes, A., & Paez
Rueda, C. (2014). Hibrido rat-race miniaturizado

para labanda ISM 2,4 GHZ. Revista Tecnura, 18(42),
38-52. Recuperado de http://revistas.udistrital.edu.
co/ojs/index.php/Tecnura/article/view/8059/9675

Books:
Basic Form
Surnames, A. A. (Year). Title. City: Editorial.
Surnames, A. A. (Year). Title. Recovered from
http://WWW.XXXXXX.XXX
Surnames, A. A. (Year). Title. doi: XxX.XXXXXXXX
Surnames, A. A. (Ed.). (Year). Title. City: Editorial.

Book with author
Goleman, D. (2000). La inteligencia emocional:
Por qué es mas importante que el cociente intelec-
tual. México: Ediciones B.

Book with editor:
Castillo Ortiz, A. M. (Ed.). (2000). Administra-
cién educativa: Técnicas, estrategias y practicas ge-
renciales. San Juan: Publicaciones Puertorriquefas

Book elecronic version:

Montero, M. & Sonn, C. C. (Eds.). (2009). Psycho-
logy of Liberation: Theory and applications. [Version
de Springer]. doi: 10.1007/ 978-0-387-85784-8

Technical report:
Basic Form

Surnames, A. A. (Year). Title. (Report No. xxx).

City: Editorial

Report with authors
Weaver, P. L., & Schwagerl, J. J. (2009). U. S. Fish
and Wildlife Service refuges and other nearby reser-
ves in Southwestern Puerto Rico. (General Technical
Report 1ITF-40). San Juan: International Institute of
Tropical Forestry.

Report from a Government agency
Federal Interagency Forum on Child and Fami-
ly Statistics. America’s Children: Key National Indi-
cators of Well-Being, 2009. Washington, DC: U.S.
Government Printing Office. Recuperado de http://
www.childstats.gov/pubs/index.asp
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Thesis
Basic form
Surnames, A. A. (Year). Title. (Unpublished mas-
ter or doctorate thesis). Institution name, Location.

Unpublished thesis, printed
Munoz Castillo, L. (2004). Determinacion del
conocimiento sobre inteligencia emocional que po-
seen los maestros y la importancia que le adscriben
al concepto en el aprovechamiento de los estudian-
tes. (Tesis inédita de maestria). Universidad Metro-
politana, San Juan, PR.

Commercial database thesis
Santini Rivera, M. (1998). The effects of various
types of verbal feedback on the performance of se-
lected motor development skills of adolescent males
with Down syndrome. (Tesis doctoral). Disponible
en la base de datos ProQuest Dissertations and The-
ses. (AAT 9832765).

Web thesis

Aquino Rios, A. (2008). Andlisis en el desarrollo
de los temas transversales en los curriculos de es-
panol, matemadticas, ciencias y estudios sociales del
Departamento de Educacion. (Tesis de maestria,
Universidad Metropolitana). Recuperado de http://
suagm.edu/umet/biblioteca/UMTESIS/Tesis_Educa-
cion/ARAquinoRios1512.pdf

Standards or patents
Basic form

Surnames, A. A. Title of the patent. Country and
number of the patente. Classification of the patent,
date of official license. Number and date of patent
request, pagination.

Hernandez Sudrez, C. A., Gomez Saavedra, V.
A., & Pefia Lote, R. A. Equipo medidor de indicado-
res de calidad del servicio de energia eléctrica para
usuario residencial. Colombia., 655. G4F 10/0, 15
de Marzo 2013. 27 de Octubre 2011, 147

4. ARTICLE SUBMISSION

Authors must submit their articles through the appli-
cation Open Journal System in digital format, atta-
ching the cover letter and the article-authors format.

4.1 Cover letter

The article must be submitted with a cover letter
addressed to the director and editor of the journal,
Engineer Cesar Augusto Garcia Ubaque, including:

e Specific request to consider your article to be pu-
blished in Tecnura journal.

e Full title of the article.

e Full names of all the authors of the paper.

e Certification of the originality and unpublished
character of the paper.

e Exclusivity of submission to Tecnura journal.

* Authoring confirmation with signature of all the
authors.

This letter must be signed by all the authors,
scanned and sent with the remaining requested
documents.

4.2 Article-authors information format

The article has to be submitted with an informa-
tion format about the article and its authors which
can be downloaded from the web page of Tecnura
journal  http://revistas.udistrital.edu.co/ojs/index.
php/Tecnura/index, in the section “Forms and Do-
cuments”. It is important to complete all the fields
of information requested, some of them have com-
ments to clarify better what is being requested. The
format must not be scanned.

4.3 Article

Article in digital format (Word 2003 and later edi-
tions) that complies with all the presentation rules
described in chapter three, “Article structure”, of
this guide of instructions for authors.
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5. PUBLICATION PROCEDURE

The procedure to be followed by Tecnura journal
for the evaluation and possible publication of the
papers sent by the authors is the following in chro-
nological order:

1. Delivery of the article with the cover letter and
the information format by the authors.

2. Notification to the author about the reception of
the article.

3. Verification of the presentation rules by the mo-
nitor of the journal.

4. Notification to the author about the evaluation of
the presentation rules.

5. Submission of corrections made by the authors
related to the evaluation of presentation rules.

6. Submission of the articles to the selected
arbitrators.

7. Notification of the beginning of the arbitration
process of the article.

8. Notification to the authors about the decision
made by the editorial committee, and about the
evaluations made by the arbitrators.

9. Delivery of the corrections made by the authors
with respect to the evaluations made by the
arbitrators.

10.Study of the final version of the article and the
evaluations of the arbitrators by the editorial
committee.

11.Delivery by the authors of the letter that surren-
ders right to the editor of the journal.

12.Submission of the version with style corrections
and diagramed to the authors.

13.Verification of errors and final approval of the
version with style corrections and diagrammed
by the authors.

14.Publication of the article in the corresponding
number of Tecnura journal.

15.Notification to the authors of the number of
interest.

16.Delivery of a copy of the journal to each one of
the authors of the published article.

6. ARTICLE ARBITARION PROCESS

Considering the quarterly periodicity of the jour-
nal, the Editorial Committee makes four calls every
year for the submission of articles, approximately
in the months of February, May, August and No-
vember. The articles will be received until the date
established in the call.

Once received the articles, the monitor of the
journal will make an initial form evaluation to ve-
rify the completion of the elements mentioned in
this guide of instructions to authors. After receiving
again the article with the requested corrections by
the journal’s monitor, the paper will be submitted
to evaluation by three academic peers (through
time it is expected to include more external peers
to participate in the process).

Each article sent to Tecnura journal is checked
by two expert academic peers external to the insti-
tution of the authors, by a process of “Peer-review”
of double blind, guaranteeing the anonymity of au-
thors and evaluators; every paper sent is considered
confidential and so it is demanded to evaluators.

Possible conclusions of the result of the evalua-
tion by the judges are only three: publish the arti-
cle without modifications, publish the article with
modifications and not publish the article.

Subsequently, the Editorial Committee takes the
decision to publish or not the articles, based on
the results of the evaluations made by the assigned
arbitrators. In case of contradictions in the evalua-
tions with respect to the publication of an article,
the editorial committee will send the article to a
third peer and will be inclined for the two evalua-
tions that have the same concept with respect to
the publication of the article.

In each call the main author must suggest at
least four possible external arbitrators to his work
institution evaluators, who must be specialists in
the specific topic of the article sent and must have
at least Masters level, and at least two must to be
international. Potential evaluators can belong to a
university or industry, public or private; their com-
plete names must be provided, highest academic
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formation, institutional affiliation and e-mail. The
editorial committee will analyze these four poten-
tial evaluators in order to enrich the database of
arbitrators of Tecnura journal.

The Editorial Committee of Tecnura journal re-
serves the right to print, reproduce total or partia-
[ly the article, as the right to accept or reject it. In
the same way, it has the right to make any edito-
rial modification that considers necessary; in this
case the author will receive written recommenda-
tions from the evaluators. If accepted, authors must
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