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In addition to the reasons mentioned
above, it is worth mentioning that due to the
change in the university administration since
2013, the ties with the real estate company in
charge of building the properties were dissolved,
which abandoned the project immediately and
just when the construction of the first houses was
finished, subsequently absolving itself of all
responsibility.

The above causes the following problems
to be raised in terms of the living conditions in
Residencial BUAP: Presence of environmental
pollution in the territory due to the fact that
several vacant lots are left, resulting in physical
problems during the rainy and windy season,
generating the presence of pests (Figure 1), in
addition to a lack of maintenance either in the
access to the subdivision (deterioration in the
paint, poor lighting, etc.) and the loss of style and
typology (change of architectural elements or
color on the facades, placement of clotheslines
(Figure 2) and shops in the garage or living room
area, due to the lack of culture of some
inhabitants that causes the absence of
functionality in the different spaces of the
homes), due to the lack of adequate regulations
with norms that regulate how the homes should
be maintained and in general contribute to
rescuing the aesthetic part and public spaces
through their correct use, all this also generated
by the lack of control and the lack of integration
between its  inhabitants of  different
socioeconomic conditions. (researchers,
academics and administrators).

The dimensions of some of the houses
are not optimal for families to live there, since
the spaces needed for each activity carried out
there are not defined based on what the users
require. This originates from the beginning
because the houses were built without being
based on instructions and actions of a housing
policy that provides solutions to social problems.
Particularly in the present object of research, it is
important to implement an adequate design of
public spaces (green and recreational areas) in
areas that are not being used and in this way they
are favorably used as an extension of the houses
that were designed in a reduced way.
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Figure 1
Improvised court in poor condition and spaces that do
not fulfill any specific function

Source: Alonso (2017)

Figure 2

Placement of clotheslines in the garage area

Source: Alonso (2017)

Just to mention, apart from what was
mentioned above that affects the physical and
social environment, another risk situation arises:
environmental pollution. This contamination is
generated by the presence of sewage and waste
carried by the Atoyac River and which flow into
a specific natural resource, the Valsequillo Lake,
which despite attempts to clean it through three
treatment plants, continues to deteriorate (Figure
3).
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Figure 3

Pollution of Lake Valsequillo, which generates bad
odors and the presence of pests

Source: Alonso (2015)

The problems caused by the
uninhabitable conditions mentioned above
psychologically affect the well-being of the
inhabitants and their health. The most important
to address are the lack of well-designed public
spaces (green and recreational areas) in addition
to the fact that the existing ones are not well
maintained. All this with the objective that the
users carry out outdoor activities in comfortable
outdoor areas where they have contact with
nature and that these function as an extension of
the houses that in this case are of very small
dimensions.

As mentioned above, the problem is the
pollution of the environment generated by the
Valsequillo lake and the absence of technologies
that treat its pollution, therefore, the
deterioration of the public spaces in the
subdivision is an expression of the habitability
not achieved in its entirety. Due to this, it is
considered that the object of research is of a
complex nature and must be studied from the
perspective of other disciplines or sciences such
as environmental psychology focused on
systems in the area specifically for the
improvement of habitability.

The BUAP Residential Subdivision is a
peripheral settlement located in the southern
region of Puebla that has the advantage of being
built in a strategic location, near Lake
Valsequillo (a body of water of great importance
in the city of Puebla), with a magnificent view of
this and other landmarks that are part of a
heritage of great value and natural wealth such
as the Sierra del Tentzo and the Iztaccihuatl and
Popocatépetl volcanoes.
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Regarding the scientific importance of
the place, it has not been studied, therefore the
research, which is an analysis where the
construction of the object of study is intended
from the theory of complexity and other
disciplines such as environmental psychology,
will contribute knowledge by knowing both the
conditions that have contributed to generating
the deterioration of the public space of the
subdivision, as well as the consequences on the
living conditions of the residents, all this through
documentary and field research. Particularly, to
contribute through the evaluation of the aspects
of social coexistence, architecture and urban
environment and the way in which these have
been modified by the actions of the users
themselves.

Due to its social importance, the site
deserves special attention, so that 'rationally
environmentally-based development strategies
linked to technology' are proposed that make it a
habitable and at the same time sustainable place
by proposing, among other vitally important
aspects, green areas for recreation and the
installation of urban furniture in abandoned
public areas, allowing a proposal for landscape
design in the subdivision and the improvement
of public space, through proposing vegetation
native to the place, linked to a method of water
treatment in a sustainable way through the
implementation of artificial wetlands that
contribute to the cleaning of the Valsequillo
lake, also generating in this way, with the need
for a transdisciplinary approach through the
communication and integration of different
social sectors, better living conditions among its
inhabitants.

The incorporation of other disciplines
such as environmental psychology is necessary
for the present research topic, since this science
defends the environment.
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Thus, the general objective is to show the
environmental, socioeconomic, political and
cultural processes in order to find out which
factors have intervened or affected the
development of the BUAP Residential
subdivision, such as the pollution generated by
harmful urban design; and that through habitable
spaces and sustainability, the living conditions
of this territory are improved by means of the
integration of the same settlers, establishing
guidelines or proposals for improving
habitability that do not cause an environmental
impact; and as specific objectives, it is
recommended to contribute to the improvement
of habitability based on an epistemic framework
through possibilities for transformation in the
subdivision that adequately propose alternatives
and strategies for the conservation of public
areas through community participation and a
transdisciplinary approach where different types
of inhabitants intervene and contribute to the
implementation of recreational and green areas;
establish social standards that come from
agreements between the residents of the
subdivision to avoid visual deterioration by
modifying the typology and style planned from
the beginning and thus not affect the aesthetic
appearance of the houses; and propose
alternative solutions to rationally take advantage
of what nature offers us through the
implementation of sustainable technologies such
as rainwater collection cisterns that are later used
to water green spaces, certain types of plants to
mitigate the proliferation of pests (which is also
part of the problem that affects habitability) and
the installation of an artificial wetland that
contributes to the cleaning of the Valsequillo
lake, transforming that territory into a habitable
place with less environmental impact that helps
not to deteriorate the health of the population.
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Hypothesis

The existence of conditions of environmental
awareness of man (environmental psychology),
will be achieved through a process of
community participation among the settlers of
Residencial BUAP to improve it, appropriating
their territory and becoming its managers
through  participatory  workshops  (social
cartography workshops and similar), which have
their techniques and instruments to facilitate
reflection and cause their actions in the
subdivision to be conscious and not imposed by
someone or by some, promoting respect for the
environment and for others (the neighbors, the
different) through a social pact agreed by them,
to ensure the preservation of that site or
transform it rationally, through possible
alternatives and strategies for the maintenance of
public spaces that contribute to an improvement
of the appearance of the subdivision,
transforming it into an aesthetic, functional,
habitable and sustainable space.

Theories on wurban spaces, habitability,
sustainability and complex systems

Below is a general description of the main
theories regarding habitability, sustainability,
urban spaces and complex systems. One of the
urban planning models that has influenced
global urban praxis is the French school of
Marxist urban sociology. The main exponent of
this school is Henri Lefebvre, who, through a
critical analysis of the Charter of Athens, shows
that its criteria for zoning the city into functions
only caricatures life, and states that homo
urbanicus is something more complex than just
living, working, moving around and entertaining
himself, since he has other needs to cover and
discover, such as desire, play, the symbolic, the
imaginative, in short, infinite and innumerable
desires that arise as society develops its
productive forces and its daily life (Gasca,
2017).

The aspects that affect habitability and
the causes are considered, carrying out an
analytical and critical discourse, subsequently
incorporating other concepts that help to
epistemologically construct the object of study.
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Alcald conceptualizes habitability in
urban space as: a housing condition where
housing is physically integrated into the city,
with good accessibility to services and facilities,
surrounded by a quality public space, and this is
lacking when the housing, even if in good
condition, is located in a vulnerable, marginal
and difficult-to-access area. Therefore, from the
housing point of view, it is necessary to analyze
urban policies that could have a direct impact on
the improvement of housing conditions, which
would have as areas and axes of action: inter-
neighborhood spaces or areas, the road system,
public space inside and outside the
neighborhoods, infrastructure, services and
public transportation, green spaces, functional
enrichment of residential areas, programs aimed
at creating new centralities (diverse activities
and uses) and common reference spaces
(Moreno, 2008) (Figura 4).

Box 4
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Figure 4
Needs, satisfiers, habitability, quality of life
Source: Moreno (2008)

Rolando Garcia's explanation regarding
complex systems is important, a theory that
underpins the research. Rolando Garcia explains
that: To solve environmental problems it may be
necessary to resort to knowledge that comes
from various disciplines (chemistry, physics,
biology, specific production technologies).
However, in the conception that Garcia sets
forth, this pluri (or multi) discipline does not
give the study characteristics of an
interdisciplinary research.
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Some situations correspond to complex
problems, where the physical-biological
environment, production, technology, social
organization, and economy are involved. Such
situations are characterized by the confluence of
multiple  processes whose interrelations
constitute the structure of a system that functions
as an organized whole, which has been called a
complex system (Garcia, 2006) (Figure 5).
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Figure 5
Habitability scheme, a complex system
Source: Alonso (2023)

One of the reasons for this study is to
consider recommendations to transform the
BUAP Residential subdivision into a habitat
with low environmental impact and a tendency
to become sustainable. Carlos Priego Gonzélez
de Canales of the Institute of Advanced Social
Studies IESA-CSIC in his article: ‘New ways of
understanding urban nature. Green areas in
cities’ mentions that: the international
conference that took place in Singapore under
the motto ‘Sustainable housing: tracing new
frontiers’, advocated that cities be redesigned to
advance towards new models of more
sustainable cities both economically, socially
and environmentally. In this sense, the challenge
of the European Union is to incorporate
sustainability into the existing city, betting on
new urban developments, where urban green
spaces play a primary role in increasing the
quality of life of the population (Priego, 2011).

It is recommended that the regulations
regarding sustainable housing really be taken
into account for the design of housing in the
country, since in reality the opposite is observed.
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For Mexico, sustainability in its
buildings is no longer a luxury or an amenity, but
a requirement demanded by both users and the
market, and in this sense it must have a holistic
and comprehensive approach, where the
environment is cared for and an optimal way of
living is also guaranteed to the inhabitants of the
homes.

Regarding the issue of urban spaces, it is
necessary to consider that public areas in today's
cities have lost their value as spaces for
enriching encounters with the population's usual
activity, and their reflection in the citizen's sense
of belonging. In this context, urban public space,
as a physical space, acquires great relevance to
promote and maintain the integration of the
community and the individual into it, avoiding
alienation and manipulation, favoring the
defense of identity, the flow of communication
and collaboration on common issues. The
territory of the public, in our society, is
increasingly narrowing for the benefit of the
private, even the existing public space is
authorized for the benefit of a few. Within the
aforementioned urban green spaces, those areas
that, due to their size and/or function, do not
allow for social uses were not considered,
although it is recognized that they contribute to
improving the urban environment, both visually
and environmentally: medians of streets and
avenues, roundabouts, gardens on sidewalks,
gardens in plazas, etc. These types of areas, if
they have a design appropriate to their function,
play an important environmental role: as part of
the urban landscape and in the improvement of
microclimatic conditions: absorbing noise,
capturing dust and rainwater. They also allow
the use of vegetation as an architectural element
to delimit, zone, prioritize and articulate public
open space (Capitanachi, 2023).

The research addresses the characteristic
object of study of environmental psychology,
which is the interaction between people and their
environments, and that this interaction is
necessarily framed within a social context (or
social interaction), so the 'products’ of this
interaction between person and environment
(including the person and the environment) must
be considered first and foremost as 'psycho-
socio-environmental' products.
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Itis in these terms that the question raised
allows us to reconsider environmental
psychology as environmental social psychology,
although social psychology is only one of the
sources from which our discipline draws.
However, the  delimitation of  what
environmental psychology is has not always
taken into consideration the same perspective
since, as Altman and Rogoff (1987) point out,
there are several positions when it comes to
understanding the person-environment
interaction (Valera, 1996).

As has been seen, various personal
factors -whether psychological or demographic-
influence the appearance and maintenance of
environmental protection behaviors, also taking
into account the educational system as an
inducer of ecological behaviors that translate
into changes towards caring for the environment.
Therefore, it is pertinent to develop critical
environmental thoughts, attitudes and skills that
allow individuals to counteract the effects of
environmental myths in order to make
responsible and mature decisions, based on the
ethical principles of environmental education. It
is worth mentioning that the satisfaction of
material needs is an element of great importance
in determining the quality of life, but that it does
not reduce it to this. Full well-being is possible
within the framework of a life endowed with
meaning that integrates the value system in the
inhabitant of the subdivision (Garcia, 2005).

Methodology

The research is a study based on the complexity
approach that covers the following stages: the
first one presents the theory or approach of
complex systems considering habitability as the
main concept to be addressed, since it is part of
the construction of the object of study; the
research, being of a transdisciplinary nature,
takes into account the contribution of other
different disciplines and concepts such as quality
of life, sustainability, complex systems and
habitable  urban  spaces, environmental
psychology, etc., on which the study is based. In
the second stage, field research is done through
the observation process, which is carried out in
the territory where the study area is located.
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As a researcher, you go to the workplace
for some time to identify the existing problems
through  different  techniques such as
photographic surveys, interviews, qualitative
research through surveys (application of a
questionnaire to the residents of the site), graphs,
etc., to learn about the main needs of the users
and thus be able to implement the best solution
strategies to solve the problems of the
subdivision. Being a resident of Residencial
BUAP and having interaction with the residents,
allows having references that help to know more
accurately the reality of the observed object. “To
collect reliable information, certain instruments
such as the questionnaire are applied”. The
sample size was approximately a universe of 30
inhabitants, from which people with different
socioeconomic levels and therefore different
needs were chosen. According to this and since
it is a study related to the subject of habitability
and other disciplines such as environmental
psychology, the questions asked to the residents
of the subdivision were of a qualitative nature
(Figure 6).

The following graph shows the problems
indicated by the users through the interview as a
percentage. The purpose of this instrument was
to consider a universe of 30 residents,
interviewing in an equitable manner the same
number of men (fifteen) and women (fifteen) of
different age ranges between 35 and 60 years.

Problems observed by residents of Residencial BUAP.

10%

Lack of recreational and sports spaces

Lack of maintenance in existing public spaces

Lack of green areas and seating areas

Bad smells and presence of mosquitoes due to lake pollution
Insecurity due to robberies

Aggressiveness on the part of some settlers

Figure 6
Chart of problems observed by residents of Residencial
BUAP

Source: Alonso (2017)
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In the third stage, results are presented
and in the fourth stage, conclusions are shown
and recommendations are suggested to solve the
problems observed, resulting from the
interviews applied to the different users. It is
important to suggest from the first instance that
there is an optimal community integration
between the inhabitants of Residencial BUAP (it
is a subdivision with few inhabitants and the
objective can be achieved), and in this way
agreements are reached between the Board of
Directors and the residents of the subdivision to
establish a regulation dictated in common
agreement that responds to the knot of problems
already mentioned. The regulations established
based on a dialogue of knowledge, will set
standards for the hiring of trained security
personnel and the installation of security systems
and in this way the theft rates are minimized; to
achieve these objectives, the residents will
contribute with the punctual payment of their
monthly maintenance fee. In addition, the design
of public spaces that includes the installation of
lighting will help minimize insecurity. Some
alternatives are pointed out related to the
application of technologies for the creation of
green areas and the implementation of a system
called artificial wetland to contribute to the
cleaning of the lake, eco-ponds, as well as some
options as urban design solution strategies for
recreational areas in the BUAP Residential
Subdivision. The different problems that require
a proposal for technological and sustainable
innovation in the subdivision are addressed,
transforming it into a functional, aesthetic,
habitable territory that does not cause
environmental impact. As previously mentioned,
the BUAP Residential Subdivision is a set of
urban, social and environmental scenarios. With
the organization and participation of the
residents of the subdivision, through forestation
days and being up to date with their monthly
fees, more vegetated areas will be promoted in
the abandoned vacant lots of the subdivision.

Results

In January 2019-2021, through the participation
of the residents of Residencial BUAP, a garden
was created including afforestation (planting
trees) and a biopond through permaculture:
“Permaculture is the art of designing living
spaces, functional territories, professions and
lives rich in meaning, inspired by nature.
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It also takes care of human beings, the
earth and sharing equitably”, which is part of the
project: Huerto Valsequillo whose motto is
'saving and rescuing the body of water of the
Balsas River and the Atoyac River, its tributary’
being on the riverbank of the same, in a park
already proposed in Residencial BUAP next to
the Valsequillo dam, with the participation of the
Neighborhood Committee and the coaching of
Sembrarte, who collectively propose to make a
world betting on life. In 2022, there were
situations that contributed to affecting the
project (cutting off the water supply, etc.), which
fortunately did not stop community participation
but on the contrary, the group of neighbors was
strengthened and currently in 2024 they are still
active (Figures 7 and 8).

Figues ]
Construction process of the biopond at BUAP
Residential Complex

Source: Alonso (2019)

Figures 8

Final result of the construction process of the biopond
at BUAP Residential Complex
Source: Alonso (2019)
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Since 2016, awareness has been raised
among students of the Bachelor of Architecture
degree at the Faculty of Architecture of the
Benemérita Universidad Auténoma de Puebla
(subjects:  Architectural urban  design
criteria/Landscape architecture
workshop/Architecture  and  environmental
development/Bioclimatic design) to consider
habitability as an important element and
generate sustainable urban design projects.

Conclusions

The concrete contribution of this research to the
dominant paradigm of recursion (apathy and
disinterest on the part of the inhabitants of
Residencial BUAP who believe they are in their
comfort zone) will be achieved by raising
awareness among the settlers, generating a new
paradigm shift that will cause their interest and
availability to improve the habitability of the
subdivision through the transformation of urban
spaces with the implementation of decent green
and recreational areas that function as an
extension of the homes. From the
interdisciplinary  field of (environmental)
psychology that focuses on the interaction
between people and their context, whether it be
nature or the built environment (urban-
architectural) and social, environmental
education is recommended in the subdivision to
improve its urban habitability, through the
organization and participation of the neighbors,
which has already begun to be implemented with
previous forestation activities and the creation of
the biopond where principles of the integral
concept of  permaculture  have  been
implemented. The implementation of artificial
wetlands that contribute to the cleaning of Lake
Valsequillo is also recommended (Figure 9).

Figure 9
Artificial wetland
Source: Rotary of Peru SAC. Sustainable sanitation
solutions (2017)
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The green areas will provide comfort and
health benefits to the inhabitants of the BUAP
subdivision, in addition to preventing soil
erosion and creating healthy environments as an
extension of the homes. The untouched lands in
the study area where the green areas will be
implemented are located in the southern
perimeter just adjacent to the Valsequillo lake
and in the central area of the subdivision (Figure
10).

Table 1
Context of benefits of urban green areas

Strategies Process Benefit

Shade Reduces interior | Reduces  energy
temperature requirements

Organic cover Suspended particle | Reduces health
capture problems caused by

pollution

Evapotranspiration Rainwater harvesting | Reduces  surface

Water retention runoff

Successional Reduction of areas | Increase in local

dynamics with solar radiation fauna (avifauna)

Solar energy

absorption

Source: Lopez (2012)

For the transformation of the territory,
the implementation of a management instrument
(internal regulations) in the subdivision is
recommended, which will contribute to its few
inhabitants, whether they are owners or not, in
common agreement and through the dialogue of
knowledge, comply with the established norms
for the good use and maintenance of public and
private spaces and thus generate good behavior
and a friendly atmosphere among the inhabitants
of the subdivision.

The regulations will establish norms to
avoid modification of the typology and color of
the houses, to hire trained security personnel and
to install lighting and security systems and in this
way to minimize theft rates; to achieve these
objectives, the settlers must be up to date with
the payment of their monthly maintenance fee.
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Abstract

Currently, Augmented Reality (AR) facilitates interaction between virtual environments and the
physical world, allowing both to blend seamlessly through technological devices such as
webcams, mobile phones (iOS or Android), tablets, among others (Grapsas, 2019). Therefore, the
aim is to develop an augmented reality project to promote tourism in a municipality of the state
of Puebla. For this purpose, an analysis of the different types of augmented reality available will
be carried out, including marker-based augmented reality, geolocation-based augmented reality,
object recognition and projected augmented reality, with the aim of providing a better experience
for tourists. This article presents the different characteristics of each type of AR, showing
application examples, and some of the tools necessary for the development of augmented reality
applications.
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Resumen

Actualmente, la Realidad Aumentada (RA) asigna la interaccién entre ambientes virtuales y el
mundo fisico, posibilitando que ambos se entremezclen a través de un dispositivo tecnolégico
como webcams, teléfonos méviles (10S o Android), tabletas, entre otros. (Grapsas. 2019). Por tal
motivo, se pretende desarrollar un proyecto de realidad aumentada que permita difundir el turismo
en algin municipio del estado de Puebla, para ello se debera realizar un analisis de los diferentes
tipos de realidad aumentada que hay, entre los cuales se encuentra realidad aumentada basada en
marcadores, en geolocalizacion, reconocimiento de objetos y proyectada; esto con el fin de
brindar una mejor experiencia al turista. En este articulo se presentan las diferentes caracteristicas
que tienen cada uno de los tipos de AR, mostrando ejemplos de aplicacion y algunas de las
herramientas necesarias para el desarrollo de aplicaciones de realidad aumentada.
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Introduction

Since the pandemic confinement caused by the
SARS-CoV?2 virus, different economic sectors
have experienced a large decrease in their
population, and the tourism sector was no
exception, as access to places was restricted,
sometimes only a certain number of visitors
were accepted, strict entry times were set or even
places were closed and tourists were not allowed
access. As the pandemic developed, the tourism
sector had to innovate in the way it catered to its
visitors, and creative responses and innovative
solutions emerged, using technologies that
facilitated virtual alternatives that allow the
exploration of destinations through virtual tours,
online experiences and augmented reality tools.
Information provided by (Datos Abiertos. 2024)
shows that, in January 2020, Puebla capital had
238,408 tourist arrivals, while in January 2023
there were 193,306, having a decrease of
18.91%, but for the months of September and
December of the same years the information
shown in table 1 was obtained:

Table 1
Comparison of tourists in 2020 and 2023

Sept. Sept. Dec. Dec.
2020 2023 2020 2023
Tourist 47,984 244563 60,930 296,035
arrivals
Hotel 14.9 58.76 17.21 61.78

occupancy
rate

Source: Open Data
https://datos.pueblacapital.gob.mx/dataset/estad%C3
%ADstica-de-turismo-datatur

From this information it is observed that,
for the month of September 2023 compared to
2020, there was an increase in tourist arrivals of
409.67% and for the month of December of the
same years there was an increase of 385.86%;
while hotel occupancy increased by 394.36% in
the month of September and 358.97% in the
month of December; so a considerable increase
in the tourism sector is visualised.

Technology has been taking a very
important role in the increase of tourists, initially
using live or pre-recorded video media content,
podcasts, films or television programmes.
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Later, tools such as virtual reality or
augmented reality were incorporated, which
offers tourists a better user experience, as it
provides information in real time about historical
places, monuments or art; it also allows for a
better guide to tourist attractions that are close to
the user, or shows information about restaurants,
hotels, opening hours or tourist attractions.

This paper describes different types of
augmented reality that will allow the selection of
the appropriate tool to disseminate or improve
immersive and personalised experiences that
adapt to the individual preferences of the
traveller. Among the types described in this
paper are marker-based augmented reality,
geolocation, object recognition and projection.

Some of the necessary software such as
Unity, Vuforia, Blender, ARKit, ARCore,
VPT8, Heavy M, Mad Mapper, Python and web
augmented reality platforms such as Zappar and
Onirix will also be described.

The presented article has the following
sections: Review of the state of the art in which
different studies conducted in the tourism field
in Spanish-speaking countries will be analysed:;
Augmented reality, this section describes what
the augmented reality technique consists of; the
third section deals with the types of augmented
reality, this section helps the reader to identify
which type can be applied for various projects
and finally, various programs that can be used
for augmented reality are described.

State of the art

This section shows a number of works in the area
of augmented reality, ranging from application
development to user experience guides based on
the tourism sector. The works reviewed come
from countries such as Spain, Colombia,
Ecuador and Cuba; having a panorama of
Spanish-speaking countries.

In the work developed by (Bernad
Conde. 2020), virtual reality technologies
applied to cultural heritage were analysed,
particularly the Fuendetodos app, which can
only be activated once the visitor is in
Fuendetodos, incorporating augmented reality,
geolocation and gamification, the use of games
as an educational tool.

Séanchez-Juarez, lvan Rafael & Paredes-Xochihua, Maria Petra.
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The hypothesis put forward for this work
was: the use of the Fuendetodos app would allow
the user to generate a more complete and
dynamic knowledge of the figure and presence
of Goya in the town of Fuendetodos, which was
positively verified. The use of the application
generates learning and allows users to participate
in this process.

On the other hand, (Alanis, Gaetan &
Martin. 2021) proposed a preliminary set of User
Experience guides for mobile Cultural Tourism
applications, based on Augmented Reality. The
proposal is based on: the review of existing
studies on User Experience in software products
for Cultural Tourism with Augmented Reality,
and also on the analysis of User Experience
experts.

In (Colpas et al., 2024) they conducted a
study whose main objective was to evaluate the
impact of the implementation of Augmented
Reality (AR) technology in the Main Square
Alfonso Avila Quintero, with the hypothesis that
AR can revitalise tourism and culture in Agustin
Codazzi, Cesar. Specific RA experiences were
designed for the square, integrating local
historical and cultural aspects; likewise, data
were collected to identify the characteristics of
the developments to be carried out, so that they
would have the articulation of the indigenous
component of the region. The result was a
significant increase in the improvement in the
perception and cultural interest of visitors to
Agustin Codazzi.

The research carried out by (Sanchez
Jorge, Jiménez Valero & Velastegui Lopez,
2022) aims to demonstrate the impact of the use
of augmented reality and smart devices to
improve key processes in tourism activity,
market products and services of the different
destinations, add added value and boost
communication through interactive resources.

Finally, the work reviewed is that
developed by (Nufiez Arroba. 2024) which seeks
a way to promote cultural tourism in museums,
proposing a web application that uses augmented
reality. Thus, surveys were carried out to find out
visitors' interest in this technology.
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In addition, the RAD (Rapid Application
Development) methodology was used for the
development of the application, which allows
close contact with the client and rapid delivery
of the product. Express.js and React.js were used
as development tools along with the MySQL
relational database manager. Also, Model
Viewer was used to apply Augmented Reality
and the technique of photogrammetry to model
the museum's 3D panels.

Augmented reality

Augmented Reality is a computational technique
that allows humans to interact between the real
world and the digital world through a device
such as a tablet or smartphone. Augmented
Reality (AR) is a technology that allows virtual
elements to be superimposed on our vision of
reality (Iberdrola. 2023).

Blender can be used to design three-
dimensional objects, as it allows the creation of
3D visualisations, still images, 3D animations
and visual effects.

As a cross-platform application, it is
possible to use Blender on Linux, macOS and
Windows systems. It also has relatively low
memory and storage requirements compared to
comparable solutions. Its interface uses OpenGL
to provide a consistent experience across the
entire spectrum of supported hardware and
software platforms (Blender, 2024).

Types of augmented reality
1. Marker-based Augmented Reality (RAM)

Marker-based augmented reality is created by
using image recognition to identify objects
already programmed into your AR device or
application. By placing objects in view as
landmarks, they can help your AR device
determine the position and orientation of the
camera. This is usually accomplished by
switching your camera to grayscale and
detecting a marker to compare that marker to all
the others in your information bank. Once your
device finds a match, it uses that data to
mathematically determine the pose and place the
AR image in the correct location (Microsoft,
n.d.).

Séanchez-Juarez, lvan Rafael & Paredes-Xochihua, Maria Petra.
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The markers or patterns are usually
printed images, which the user defines what will
be displayed when the phone detects it, the larger
the marker, the further away from the camera it
can be placed; Table 2 shows the size and
distance recommended by the Ministry of
Education (2024).

Table 2
Recommended size and distance for markers

Size Distance

16 *16cm. | 1.90 mt.
11*11cm. | 1.30 mt.
75*75cm. | 1.00 mt.
3.5*35cm. | 0.40 mt.
1.3*1.3cm. | 0.16 mt.

Source: own elaboration

Figure 1 shows the design of a marker
that can be used for object recognition.

Figure 1
Marker for augmented reality
Source: own elaboration

Software that can help create this type of
augmented reality includes Unity and Vuforia. 2.
Geolocation-based Augmented Reality (GAR).
It uses mobile phone GPS data to determine the
user's position in the real world and then
overlays digital information. Instead of relying
solely on markers (seen in the previous point).
With this type, the user can be at the
geographical coordinate with latitude and
longitude: 19.0437048961, -98.1981561970,
which belong to the zocalo of the city of Puebla,
when the user is at that exact point, he can
visualise relevant tourist information, and when
he goes to another point like: 19.0439763383, -
98.1922419026, which belongs to the Barrio del
Artista in Puebla, the phone will show him
information about the different Masters, works
of art and history of the neighbourhood.
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To obtain geographic coordinates, you
can use Google Maps, since it provides latitude
and longitude of the place. Figure 2 shows the
coordinates of Barrio del Artista, Puebla.

Figure 2

Obtaining latitude and longitude of Barrio del Artista,
Puebla
Source: Google maps

Among the tools that allow working with
RAG is Unity, ARKit or ARCore, however, it is
important to mention that a geolocation API
must be used that allows developers to integrate
maps and location data into applications. The
Google Maps Platform includes the Geolocation
API. However, there are web platforms that help
to generate RAG, among them are Zappar and
Onirix. Within Onirix you can generate different
tourist sites, show important information or
some animation of the place, when you have the
places ready, you can see them on a map which
will show the route from the origin to the
destination. Figure 3 shows an example of a
tourist map with 9 places in the municipality of
Santa Rita Tlahuapan, Puebla. It shows
information of a specific place, the location
marked with red colour and the route to follow
from the current location to the destination.

Séanchez-Juarez, lvan Rafael & Paredes-Xochihua, Maria Petra.
[2024]. Augmented reality as a support for tourism promotion.
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Figure 3

Information on Onirix
Source: own elaboration

3. Augmented Reality based on Object
Recognition (RARO)

An augmented reality with artificial intelligence
is able to recognise objects in the real
environment in such a way that it will
superimpose additional content by linking it to
the object (Tolsan. 2020). For example, if a
tourist is in the parish of San Martin
Texmelucan, Puebla, and points his phone at the
monolith there, it can show him the legend of the
monolith. Figure 4 shows the monolith of the
parish.
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Figure 4

Monolith of San Martin Texmelucan
Source:
https://www.tiktok.com/@sanmartintexmelucan/video/
7052441310011198725

Software tools such as Unity, ARKit,
ARCore, Vuforia, ARCore Object Detection
API or ARKit Image Recognition can be used to
realise RARO depending on the platform for
which it is to be developed.

4. Projection-based Augmented Reality (PAR)

Finally, within the types of augmented reality is
based on Projection, clarifying that there are
other types of augmented reality and not only the
4 that cover this work, RAP is a technique that
allows the deployment and manipulation of
virtual objects in a real world such as flat
surfaces or with relief, this will allow the tourist
(user) to have a perception of being manipulated
in a natural way a virtual object, without the need
to have a smartphone.

RAP projects digital images onto
physical objects in a real physical space. It may
or may not be interactive and is used to create a
projection of objects that are viewed in depth
(Moreno, 2023).

This type of augmented reality requires
special software and hardware to be able to
generate the projections, within software that
can be used is VPT8, Heavy M, Mad Mapper and
Python, in the case of Python, the modules
OpenCV - cv2 - (image and video processing)
and Pynout (controls and monitors input
devices) must be used.
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The hardware required is short or
medium distance projectors, if not available, an
extended screen can be used, a Full HD 1080p,
30 FPS, 120°FOV webcam and preferably a
portable tri-foot is also required.

Among the applications that could be
developed for tourists in a rural environment,
would be the projection of animals and that
tourists could manipulate them, be it moving
them, rotating them or making them bigger or
smaller.

Figure 5 shows an animal of a set size,
with RAP and gesture detection, it is possible to
modify the size or rotate it by hand.

Figure 5
Object in a set size

Source: own elaboration

Figure 6 shows the same object
manipulated by hand to make it larger and
rotated.

Figure 6

Manipulated object with hands
Source: own elaboration

Python and objects designed with .obj or
.ply extensions are used to develop this type of
augmented reality. Table 3 below shows a
portion of the Python source code for object
manipulation.
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Table 3

Portion of the Python source code for manipulating an
object with RAP

with  mp_hands.Hands(min_detection_confidence=0.8,
min_tracking_confidence=0.5) as hands:

while cap.isOpened():

ret, frame = cap.read()

image = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
#image = cv2.resize(image, (320,180)) #para 16:9
#imagge = cv2.resize(image, (640,480))

frameWidth = image.shape[1]
frameHeight = image.shape[0]

image = cv2.flip(image, 1)
image.flags.writeable = False

results = hands.process(image)
image.flags.writeable = True

image = cv2.cvtColor(image, cv2.COLOR_RGB2BGR)
pos = (0,0)

cv2.rectangle(image, pos,
frameHeight), (@, 0, @), -1)

(frameWidth,

totalHands = ©

Source: own elaboration

Software for augmented reality

As seen in the four types of augmented reality,
software is required for its development, some of
which are described below:

Unity

Masterd (2024) defines Unity as: is what is
known as a development engine or game engine.
It has a set of programming routines that enable
the design, creation and operation of an
interactive environment’.

Typical functionalities of a game engine
include the following:

- Graphics engine to render 2D and 3D
graphics.

- Physics engine to simulate the laws of
physics.

- Animations.

- Sound.

- Artificial Intelligence.

- Programming or scripting.

Séanchez-Juarez, lvan Rafael & Paredes-Xochihua, Maria Petra.
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Vuforia

Is a cross-platform Augmented Reality (AR) and
Mixed Reality (MR) application development
platform with robust tracking and performance
on a variety of hardware (including mobile
devices and head-mounted mixed reality
displays (HMDs) such as Microsoft HoloLens).
Vuforia's integration of Unity allows you to
create vision apps and games for Android and
iOS using a drag-and-drop authoring workflow.
Vuforia supports many third-party devices (such
as AR/MR glasses) and virtual reality devices
with rear-facing cameras (such as Gear VR)
(Unity Documentation. 2018).

ARKit

It is an infrastructure that allows developers to
produce augmented reality experiences in their
app or game. Developers can add 2D or 3D
elements using the front or rear-facing cameras
of an iOS or iPadOS device (Apple Inc. 2024).

ARCore

Google ARCore is a software development Kit
(SDK) for the Android operating system (OS).
Through ARCore, developers can also create
applications that allow a phone to understand
real-world environments and even interact with
different types of information. ARCore's
functionality boils down to three key pillars that
help integrate virtual and real-world content
(Pocayo. 2023).

VPT8

It can be used to project mappings in complex
shapes, adapt a projection to a particular
space/surface, combine recorded and live
images, for multi-screen HD playback, for
interactive installations using arduino sensors or
camera tracking ++. VPT is very flexible in
terms of control, with presets and a built-in cue
list, as well as control over almost all parameters
via OSC, midi, serial communication, integrated
LFO and ArtNet. It also supports siphon (mac)
and spout (windows) for sharing video streams
between applications (HC Gilje. n.d.).
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Heavy M

IS a video mapping software with a wide range
of tools to cope with any situation: integrated
visual library, musical reactivity, edge-bl, offers
intuitive drawing tools to create fast and
adaptive projection maps (HeavyM. 2024).

Mad Mapper

A mapping software that makes videomapping
possible: it simplifies the adjustment of
projections on various surfaces, whether three-
dimensional or two-dimensional.

Zappar

Vegas (2017) describes Zappar as follows: it has
an interesting idea to create augmented reality
projects in a simple way: through a visual
environment you can drag and drop the elements
you want to project and finally launch the app
under an intuitive and straightforward system.
Zapwork has several benefits:

Three types of creations (widgets, designer,
studio).

- Transparent costs.

- Support.

- Image tracking.

- Create apps.

- Has analytics.

- Also uses virtual reality.
Onirix

Onirix is a platform that allows you to create
different types of augmented reality experiences
in a fast and easy way. Onirix consists of three
different components: Onirix Studio, a web
application to manage all your projects and
content, Onirix Web AR Player which is the way
to display your experiences from the browser
(Web AR), and Onirix SDK, a software
development kit for you to create your own
augmented reality experiences for web AR
(Onirix. n.d.).
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Results

From the state of the art, which included the
review of 5 developed projects related to
augmented reality and its application to cultural
tourism, it can be said that the tourism sector in
Mexico needs to employ technologies that allow
tourists to improve their experience, in such a
way that allows them to interact with the
environment they are in or to obtain historical or
cultural details about a specific region or place.

The review of the concept of augmented
reality allows a breakthrough in the way in
which users interact with the environment, by
combining digital elements and the real world, in
this case, in the area of tourism; so that
subsequently a classification can be given to the
types of AR that exist.

By describing the different types of AR
that exist, it allows those who wish to implement
this type of technology to clearly understand the
technological diversity that exists to implement
it in tourism according to their needs, as they will
be able to compare the benefits and limitations
that each type of AR has.

Finally, it is very important to mention
the different software available on the market,
both free and paid, to facilitate the selection of
appropriate tools and optimise the efficient
development of augmented reality projects,
adjusting to the specific needs and available
budgets depending on the type of project and AR
selected.

Conclusions

In the tourism sector, each of the types of
augmented reality can be directly applied to
provide the tourist with a better experience in
person or even from a web application that
works in the mobile browser. The four types of
reality analysed have their advantages in the
tourism sector, whether rural, nature, cultural,
gastronomic, among others. The three-
dimensional objects that you want to present to
the user must be well realised so that the user has
a great experience of the site of interest.
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HMD  Head-Mounted Display
LFO Low Frequency Oscillator
MR Mixed Reality
OSC  Open Sound Control

RAG  Augmented Reality based on
Geolocation

RAM  Marker-based Augmented Reality

RARO Augmented Reality based on
Object Recognition

VPT  Video Projection Tool
VR Virtual Reality

RAP  Projection-based
Reality

Augmented

SDK  Software Development Kit
SO Operating System
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Abstract

In MIPYMES, it was a problem to withstand market irregularities and maintain themselves during
the pandemic (SARCOV-2). Companies began using digital marketing to market, and after four
years, they must carry out strategies for online and direct sales. This research aims to know the
opinion of 110 companies that previously underwent a study on the marketing strategies used
during the pandemic and then through a comparison. The research results show that during the
pandemic, social networks were used for sales and promoted products with discounts and home
deliveries, yet direct sales, deals, demonstrations, and printed advertising continued to be the most
used and have greater results. Digital marketing has grown enormously, and MIPyMES must
venture into it to continue competing in the market.
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Resumen

En las MIPyMES fue un problema soportar las irregularidades del mercado y mantenerse durante
la pandemia (SARCOV-2), las empresas emprendieron el uso del marketing digital para
comercializar y después de 4 afios deben realizar estrategias para las ventas en linea y directa.
Esta investigacion pretende conocer la opinién de 110 empresas a las que se les realizé un estudio
con anterioridad sobre las estrategias mercadoldgicas usadas durante la pandemia y después a
través de un comparativo.Los resultados en la investigacion muestran durante la pandemia se
usaron las redes sociales para la venta y promocionaron los productos con descuentos y entregas
a domicilio y sin embargo la venta directa, los descuentos, las demostraciones y la publicidad
impresa siguen siendo las més utilizadas y de mayores resultados después de la pandemia, el
marketing digital ha crecido enormemente y las MIPyMES deben de incursionar en él para seguir
compitiendo en el mercado.
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Introduction

For MSMEs as well as most companies it was a
big challenge to withstand market irregularities
and to stay in the market during the SARCOV-2
pandemic in the period 2020-2021, no doubt the
consumer also had to change their buying and
consumption habits. During this time companies
undertook the use of digital marketing to market
their products and services, the use of ICTs
evolved to a great extent. And after 4 years of
this period consumers have changed their buying
habits, some of them still buy their products
online, through applications or in physical shops,
in this sense companies now have a dual role and
make strategies for online and face-to-face sales.
In this way, it is important to know what
companies think about the marketing strategies
they applied during and after the COVID-19
pandemic. Showing the perspectives of these
periods is of utmost importance to get an idea of
how marketing strategies have evolved in
companies and what can give them greater
results.

For this reason, the need arises to follow
up on a previous study that evaluated the
marketing strategies used by MSMEs during the
pandemic, Quintero, M.L., et al., (2023). In that
study the interviewees mentioned that the way to
sell their products was through the shops and
implemented the sale by whatsapp and facebook,
the sales promotion strategies were discounts
and home deliveries and in relation to
advertising they used Facebook, on their website
and at the point of sale and after having already
spent several years it was necessary to know
what strategies are applying the same companies
to make a comparison of the strategies used
during and after the pandemic, thus arising the
following questioning:

What are the marketing strategies applied
by MSMEs in Mexico City and the Metropolitan
Area during and after the pandemic?

General objective

To find out the marketing strategies applied by
MSMEs to reach consumers or users and
manage to stay in the market in Mexico City and
the Metropolitan Area during and after the
pandemic.
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Specific objectives

- To find out the sales methods used by
MSMEs during and after the pandemic
(face-to-face, digital or both) that have
given them the best results.

- To identify the advertising strategies that
were applied and have been most effective
in MSMEs during and after the pandemic
to inform their current customers about the
products and services they offer and to
reach new consumers or users.

- To find out which sales promotions they
offered and were most effective with their
customers and prospects during and after
the pandemic in order to maintain or
increase their sales.

- To find out whether companies have been
able to adapt to changes in consumer
buying habits after the pandemic ended
and what other strategies they have used.

Methodology

The study universe for the research was the same
110 companies that had been the subject of a
previous research study, Quintero, M.L., et al.,
(2023), in which the marketing strategies applied
during the pandemic were found out. In this
research, another questionnaire was applied to
them to find out about the marketing strategies
applied after the pandemic and to be able to
make a comparison; fortunately, it was possible
to count on the participation of all of them.

A quantitative,  descriptive, non-
experimental, but now longitudinal, research
was also carried out with a quantitative
approach. The results were analysed statistically
through descriptive statistics and the absolute
and relative frequencies were obtained for the
analysis and interpretation of the information
through comparative graphs of before and after
that helped to show the results obtained through
the description of the findings.

The information was obtained through
the application of a collection instrument by
means of Microsoft Teams FORMS.

Alvarez-Garcia, Ménica, Gutiérrez-Zepeda, Martha del Pilar, Guerrero-lbarra,
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The questionnaire was applied in one
month, which allowed to know in a clear and
precise way the current situation of the
marketing strategies implemented by the
MSMEs to adapt to the new behaviours and
buying behaviour of the consumers.

The information obtained was processed
in the EXCEL programme for subsequent
analysis and graphical elaboration of the results.

Theoretical framework

This section includes different topics that help to
understand how marketing strategies used by
companies have evolved, especially the digital
part that is here to stay.

Marketing strategies are considered by
Arce L.G., (2010) as strategies related to the
market and the company, which are carried out
to achieve certain marketing objectives, and
which present a certain degree of difficulty in
their formulation and execution. Examples of
marketing strategies could be developing new
products, lowering prices, opening new sales
outlets, etc.

Kotler and Amstrong refer to the four
main steps in designing a customer-oriented
marketing strategy. In the first two, the company
selects the customers it will serve. Market
segmentation involves dividing a market into
smaller segments of buyers with different needs,
characteristics or behaviours that may require
differentiated marketing strategies or mixes. The
company identifies the multiple ways of
segmenting the market and develops profiles of
the resulting market segments. Target market
selection (or simply market coverage) involves
assessing the attractiveness of each market
segment and choosing one or more segments to
enter.

In the last two steps, the company
decides on a value proposition: how it will
succeed in creating value for the target
customers. Differentiation actually involves
differentiating the company's market offering to
create superior value for the customer.
Positioning is about organising a market offering
to occupy a clear, distinctive and desirable place
relative to competing products in the minds of
target consumers.
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Kotler P., and Amstrong G., (2013) and
to achieve this, differentiated sales, advertising,
public relations and direct marketing strategies
must be applied to reach the target market
segment.

Kotler P., and Amstrong G., (2012)
mention that sales strategies are carried out
according to the market in order to market, sell,
distribute and promote their products and
services.

services, hence there are different selling
methods such as face-to-face selling, online
selling and mixed selling. According to these
authors, face-to-face selling is that which takes
place in the company's branch or establishment
and where consumers come to purchase them.

The disadvantages of this sales method
include the fact that delivery times are uncertain,
the rate of customer complaints is higher and the
number of returns is also higher; and mixed
selling, which is made up of characteristics of the
two previous methodologies, since the products
are offered via the internet, but the delivery of
the products is carried out at the company's
premises.

In terms of advertising, these are
activities that can also be developed directly in
the establishment with printed media or online
through digital strategies on social networks or
the web through videos or flayers among other
types of content and sales promotion with
coupons, 2x1, discounts, digital demonstrations,
or in person with free samples, demonstrations,
tastings, discounts, fairs or exhibitions, etc.

It is important to mention that marketing
has evolved considerably from 1.0 to 5.0 along
with the marketing processes of products and
services in the history and application of the
strategies used by companies to achieve success
in the market. Marketing 1.0 is characterised by
product-focused company strategies, companies
will invest solely in the product. One of the
elements to highlight in this first phase is the
unidirectional communication, where the client
was not listened to and it was only the companies
that provided information. It was disseminated
through traditional media, such as television and
radio.
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With a more customer-focused approach,
marketing 2.0 arises, which, unlike the first,
focuses on getting to know the customer with the
aim of satisfying needs and being able to retain
them, that is, to build customer loyalty. It seeks
to get closer to the customer on an emotional
level in order to differentiate itself from the
competition. One of the characteristics of
marketing 2.0 is the use of new information
technologies, which creates a two-way
communication. Marketing 2.0 is closely linked
to Big Data, and according to Kotler, Kartajaya
and Setianwan: Social media marketing
(marketing 2.0) arises in today's information age,
based on information technologies. The task of
marketing is no longer so simple. Today's
shoppers are well informed and can easily shop
for a variety of similar product offerings. It is the
consumer who defines the value of the product.
Consumer preferences differ greatly from one
consumer to another. The company must
segment the market and develop a superior
product for a specific target segment within the
market. The golden rule of: the customer rules,
works well for almost all companies. At the stage
of marketing 3.0 it is related to care for the planet
and society, i.e. social responsibility. Marketing
3.0 believes that consumers are integral human
beings, and that all their needs and desires should
always be met. Therefore, marketing 3.0
complements emotional marketing with a
spiritual one. In marketing 3.0 companies
differentiate themselves from each other by their
values. Customers, apart from satisfying their
needs, are looking for the satisfaction of their
feelings and values. This leads companies to sell
values associated with their brands seeking
impact on their target audience according to
Kotler, P., Kartajaya, H., and Setiawan, I.
(2013).

Marketing 4.0 where, according to
Kotler, P., Kartajaya, H., and Setiawan, |I.
(2019), New technologies, social networks and
digital marketing in general are revolutionising
the way we reach customers. Today's customer
has different habits than a few years ago: they
are hyper-informed, hyper-connected, love
honest and ethical companies, do not buy
without comparison shopping, trust the
experiences of other consumers and are
unfaithful to brands.
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This is why, now more than ever, it is
necessary to reorient marketing practices to win
the customer's support and trust. If we manage to
exceed their expectations, not only will they buy
from us, but they will also recommend us. To do
this, we need to offer transparent and coherent
experiences, and cover every aspect of the
product that they demand: more human brands,
greater commitment, better and more
personalised offers. It is marketing 4.0. To
achieve that customer engagement and
recommendation.

The new generation of 5G technologies
is here to stay. The pandemic we have
experienced has accelerated the adoption of
technology by customers, leaving the way open
for the digitisation of their relationships with
their brands. The era of Marketing 5.0 is
beginning, whose author of the concept, Philip
Kotler (Kotler, Kartajaya and Setiawan, 2021)
defines it as the union of technology and
humanity.

In relation to the strategies used by
companies before and after the pandemic,
several studies conducted by researchers were
consulted.

According to the qualitative study carried
out by Solis, F.T., (2021) (Estrategias de
mercadotecnia en microempresas ante la
contingencia por COVID-19 en Ciudad Juéarez),
he concludes that the marketing strategies that
the micro-enterprises in  Ciudad Juarez
established before the COVID-19 confinement
are: following the rules, regulations and
prevention measures established by the Ministry
of Public Health, and also using new media to
advertise the business. Other strategies were the
production of goods adapted to the current
situation, distancing barriers, reduction of the
capacity of people inside the establishments,
work on demand or orders, continuous
disinfection of work areas and customer service,
as well as the purchase of technological devices
that contribute to the performance of key
activities in the buying and selling process.
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Due to the pandemic, the purchase and
sale of products and services worldwide took a
360° turn, and sadly many businesses were
forced to close permanently. And those that were
able to return had to adapt to a new normality
that avoided common habits such as physical
contact at all costs. Therefore, they had to create
new sales strategies to reach the end customer,
and the wave of digital marketing grew, which
already existed, but now with greater seriousness
and commitment to users. Cruz O. and Morales
AY., (2021)

Marketing strategies as a consequence of
technological changes, user needs and consumer
behaviour, have left behind the obsolete ways of
planning the marketing of products and services
for new forms of marketing where the priority is
not only to sell or buy products but a process
where communication and interaction with the
customer is established. In this sense, digital
marketing and the different technological tools
they use, identify more easily the needs of their
customers with a much more complete vision,
guaranteeing new, unique and personalised
experiences. These new forms of digital
marketing are designed to respond to the needs
of consumers, which is why they are based on
four aspects: content, context, community and
connections. Content, which is precise and eye-
catching of the product or service, with a
message according to the context to which it is
presented, with maximum research of the
community to which it is offered and with full
knowledge of the customer's connections, to be
introduced in the networks in which they
actively participate. Certainly, these digital
marketing strategies, which in the present
technological era and in the processes of
globalisation in recent years began to gain
strength, were the salvation for many SMEs in
times of pandemic, especially in the first
confinements. The companies that had already
started to make inroads into the various digital
platforms and social networks continued their
processes, while the number of consumers
through these media increased significantly. So
now digital commerce is getting stronger, the
companies that opted for these strategies are
staying in the crisis period, some are starting up
and others are reinventing themselves to reach
their customers and attract new ones, and
unfortunately others are disappearing.
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Evidently, the period of pandemic gave
the opportunity to present and position
themselves in the virtual world, some seeing it as
a crisis and others as an opportunity, which
definitely promoted the increase in the use of
digital technologies in companies, with
marketing strategies that due to customer
demand have been updated and improved in
order to : positioning on the web, being one of
the first in search engines; prioritising the
personalisation of messages through the
different social networks of greater use
(WhatsApp, Facebook), in order to have more
lasting relationships ~ with  customers;
implementing the use of social networks with
content that captures the attention of customers;
creating intuitive websites with immediate
responses; and increasing e-commerce, with
more secure and reliable platforms.

These and other instruments identified
and organised in digital marketing tools will
allow companies to meet customer needs and
boost sales, ensure their sustainability, stay
ahead in physical and virtual spaces, and
position themselves in the market.

These solutions created and adapted in
times of pandemic need to be strengthened in
order to transcend and be sustainable in the post-
pandemic period, so that these digital marketing
strategies will eventually prove useful in periods
of crisis. As positive aspects of the research, the
novelty of the subject matter, the variety of
information and the results of the different
experiences, demands and transformations of the
consumer are highlighted, which allow us to
investigate the marketing strategies of
distinguished consumers. Actions that arose
during the pandemic period, but which even in
the post-pandemic period continue to manifest
themselves, as they have transformed society.

Likewise, companies that opted for these
strategies continue in the crisis period, some start
up and others reinvent themselves to reach their
customers and attract new ones, and
unfortunately others disappear.
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Evidently, the period of pandemic gave
the opportunity to present and position
themselves in the virtual world, some seeing it as
a crisis and others as an opportunity, which
definitely promoted the increase in the use of
digital technologies in companies, with
marketing strategies that due to customer
demand have been updated and improved in
order to: positioning on the web, being one of the
first in search engines; prioritising the
personalisation of messages through the
different social networks of greater use
(WhatsApp, Facebook), in order to have more
lasting relationships ~ with  customers;
implementing the use of social networks with
content that captures the attention of customers;
creating intuitive websites with immediate
responses; and increasing e-commerce, with
more secure and reliable platforms. These and
other instruments identified and organised in
digital marketing tools will allow companies to
meet customer needs and boost sales, ensure
their sustainability, stay ahead in physical and
virtual spaces, and position themselves in the
market. These solutions created and adapted in
times of pandemic must be strengthened, so that
they can transcend and be sustainable in the post-
pandemic period, so that these digital marketing
strategies can finally prove useful in periods of
crisis. Hernandez M. E., (2022)

One of the trends that they intended to
implement in companies according to Beltran M.
(2019) was to note that digital companies were
in their beginnings and that these applying the
Buyer Person had a better impact within their
beginnings in those types of businesses, instead
in Mexican companies indicate us that there is
no culture of applying strategies in small
businesses, only some make a small discounts on
some items but only spread it within the same
local, hence the importance of informing them
the importance of competitive advantages by
implementing strategic strategies in each
company as indicated by Alafa T, Crespo M &
Gonzaga S. (2018). But nowadays according to
Camacho L. (s/f) tells us that small companies
are enthusiastic about implementing 3.0
strategies where they are looking especially that
they do not invest a lot, but that gives them great
opportunities, but about this in this document the
real strategies that have worked for these
companies are landed.
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Results
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Figure 1

Source: Own elaboration

As can be seen in graphic 1, the majority
of respondents in order of importance were
Owners (25%), Salesperson 21% and Manager
(19%), always trying to ensure that the survey
was answered by decision-makers within the
company or that they were interfering with the
marketing strategies that are applied, the other
positions are below 5%.

AGE OF THE COMPANY
BASE: 110

0-3 years
32%

Figure 2

Source: Own elaboration
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COMPANY SIZE
TOTAL: 110

Figure 3

Source: Own elaboration

Regarding the profile of the MSMEs
investigated (59%) are young companies, as they
said they had been working for between 0 and 6
years and the remaining 7 years or more, and in
relation to size, the percentage of participation
was very even between micro, small and
medium-sized companies (between 30% and
38% respectively).
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Figure 4

Source: Own elaboration
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When interviewees were asked about the
type of sales they used during the pandemic,
Whats App and Facebook and WEB pages came
out (46%, 36%, 28% respectively). Undoubtedly
at that time companies were not prepared for
online sales and had to improvise and start
selling through social networks as the main
medium because they did not use digital sales.
And in the type of sales used after the pandemic,
in first place is the shop (63%), once the shops
are open many consumers prefer to see, try on
and feel the products physically and it also
allows them to make a more conscious selection.
In second place, they answered that on the
website (29%), and in third place virtual
platforms (12%), companies continue to use this
medium because some consumers want to save
time and resort to the facilities of the payment
method, they are also accustomed to digital
shopping, where they can view the comments
and recommendations of some buyers and can
access many websites to make comparisons in
quality and prices. It is worth mentioning that
digital sales increased during the pandemic and
are still increasing.

WHAT TYPE OF SALE HAS CURRENTLY
GIVEN YOU THE MOST RESULTS?
TOTAL: 110

Sale in
establishment
69%

Figure 5

Source: Own elaboration

As can be seen in the graph, in-store sales
are still the best performing (69%) because the
buyer can have physical contact with the
products or services to select them and we are
still a country that continues to resist online
shopping due to distrust or access to digital
media to make the purchase.
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With regard to promotions, the results
show that during the pandemic, the tools most
used by MSMEs were home deliveries (38%),
which were necessary to attract shoppers, which
were useful at the time because of the fear of
going out and catching COVID-19 and are still
useful today. Another most commonly used tool
is discounts (56%) used to attract consumers and
retain sales in many businesses and companies.
In terms of promotions, firstly discounts, which
have the highest percentage (67%), are still a
very common strategy for attracting buyers,
followed by demonstrations (21%), which allow
the consumer to touch, see and feel the products
and select them in a more emotive way.
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And on advertising strategies, during the
pandemic as there was no personal contact and
many businesses were closed or sales were
limited, the most used advertising media were
Facebook (43%), websites and posters (35%),
internet advertising (31%) and leafleting (25%).
While after the pandemic, point-of-sale
advertising is still the most used (41%) and
digital media are still being used, given that the
increase in the use of social networks and online
sales increased in large proportion, MSMES
continue to make advertising content for social
networks such as Facebook (41%).
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WHAT TYPE OF SALE HAS CURRENTLY
GIVEN YOU THE MOST RESULTS?
TOTAL 110

Direct
62%

Figure 8

Source: Own elaboration

In the case of advertising that has given
them greater results currently in MSMEs, it is
still direct advertising (62%), this reason may be
due to the fact that they have a more tangible
visualisation and can achieve greater exposure in
the media, as well as being able to play with
images, colours and texts to attract consumers.
While 38% mentioned that online advertising
has given them better results, undoubtedly
digital media are very useful and less expensive,
however, the consumer is exposed to so much
information and images that they lose attention
and focus on the advertisements, so these
companies consider that they have not given
them the expected results.

Conclusions

It was a huge challenge for the whole society and
especially for companies to understand how to
cope with the situation that the global pandemic
brought with it and that this was forcing them to
take drastic actions, as well as to understand that
the habits and consumption needs of the
population were changing, at that time they were
totally different, people had to adapt to this new
stage and get used to the idea that the digital era
was advancing abysmally.
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It is important to mention this, as
marketing has evolved considerably hand in
hand with the marketing processes of products
and services in history as well as the
implementation of strategies used by companies
after the pandemic, to achieve success in the
market, therefore, had to create new sales
strategies to reach the end customer, and that the
global health situation was adapted to this new
way of life, Also with the growth of the digital
marketing wave, left behind the old ways of
planning the marketing of their products and
services has been confirmed that the marketing
strategies that applied MSMEs in Mexico City
and Metropolitan Area during and after the
pandemic, are digital in nature as WhatsApp,
Facebook and Instagram and then still follow the
websites, virtual platforms and through Social
Media, Big Data to Digital intelligence, But the
most important thing is that the majority of sales
that are still made is the sale in the establishment
as the first place, also most of the companies
adapted quickly to changes in buying habits of
consumers with home deliveries, discounts,
promotions and demonstrations at points of sale
in order to detect the actions that were evolving
and that so far have helped them to stay in the
market and have a good market share in this.
Without forgetting that the best publicity was
word of mouth (infallible) by those closest to the
consumers and by leafleting in different areas of
the city.

A milestone that provides a lot of
learning, considering that the marketing
strategies applied in companies in conjunction
with technology have advanced approximately
10 years, and are currently based on four aspects:
content, context, community and connections,
and 4 years after the whole world changed,
companies and especially MSMEs are excited to
apply these processes to their digital marketing.
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Abstract

The main objective of this research is to provide a multifaceted approach
to cognitive radio (CR) technology in Mexico, a technology that seeks to
optimize the use of spectrum, ensuring more efficient and flexible
wireless communication. CR faces significant technical and regulatory
challenges in the world, with Mexico being no exception. These include
the efficient management of the radio spectrum and the need for a
regulatory framework adapted to emerging technology.
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Resumen

El objetivo principal de esta investigacion es aportar un enfoque
multifacético de la tecnologia de radio cognitiva (CR, por sus siglas en
inglés) en México, tecnologia que busca optimizar el uso del espectro,
garantizando una comunicacion inalambrica mas eficiente y flexible. La
CR enfrenta desafios técnicos y regulatorios significativos en el mundo,
sin ser excepcion México. Estos incluyen la gestion eficiente del espectro
radioeléctrico y la necesidad de un marco normativo adaptado a la
tecnologia emergente.
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Introduction

The concept of CR was introduced by Joseph
Mitola I in 1999 (Mitola, 1999), defining it as
an intelligent form of radio that can change its
transmission and reception parameters based on
interaction with the environment, interaction in
which the availability of the radio spectrum is
sensed.

General operation
1. Spectrum sensing

The CR continuously scans the spectrum to
identify free bands and monitor occupied bands.
It uses techniques such as energy detection,
feature-based detection and cooperative methods
(Yucek, 2009).

2. Analysis and decision

The collected data is analysed to assess spectrum
availability, channel quality and other relevant
factors. The CR controller makes decisions on
spectrum usage based on these analyses
(Akyildiz, 2009).

3. Assignment and access

The CR selects appropriate frequency bands and
establishes communication using these bands. It
employs spectrum access techniques to ensure
that there is no interference with primary users
(Zhao, 2007).

4. Adaptation and learning

The CR adapts its communication parameters
(frequency, transmit power, modulation, etc.) in
response to changes in the spectrum
environment and learns from these adaptations
to improve its future performance (Mitola,
1999).

The theoretical foundations of cognitive
radio are therefore based on three main pillars:

1. Spectrum sensing:

Cognitive radio devices continuously monitor,
quasi-permanently while active, the spectrum to
identify available and used frequencies.
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Spectrum monitoring: Cognitive radio
devices continuously listen to the radio spectrum
to identify available channels and avoid
interference with other users (Haro, 2015).

2. Spectrum management:

Change from traditional fixed configurations to
dynamic decisions in which it is determined
which frequencies to use to firstly achieve
communication, secondly to avoid interference,
in order to optimise spectrum efficiency.

Dynamic spectrum: cognitive radio can
detect frequencies that are not in use at a given
time and adjust its transmission to those
frequencies, which allows for a more efficient
use of the spectrum (Marquez, 2014).

3. Adaptability and reconfiguration:

Dynamic modification - adjustment of
parameters such as frequency, modulation and
transmit power to achieve adaptability and
reconfiguration, to improve the performance -
use of the radio spectrum.

Adaptation: Cognitive radio systems can
adapt their transmission parameters, such as
transmit power and frequency, in response to
environmental conditions (Renteria, 2011).

Other key features related to cognitive
radio are:

4. Artificial intelligence and machine
learning:

Advanced algorithms are used to analyse data
collected from the environment and make
decisions on how to operate more efficiently
(Bezerra, 2024).

5. Interoperability:

Cognitive radio can communicate with different
types of communication systems and networks,
facilitating greater integration and cooperation
between various wireless technologies (Haro,
2015).

Based on these generalities, a
methodology is outlined, which is described in
the following section.
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This is intended to ensure a
comprehensive and rigorous approach to analyse
the challenges and opportunities for the adoption
of CR technology in Mexico, from a technical
and regulatory perspective. As such, this report
was drafted in sufficient detail to present the
identified challenges, integrated analysis and
recommendations.

Method

The research focuses on understanding,
identifying and addressing the challenges facing
the adoption of a specific technology in Mexico.
To this end, two main lenses are used: technical
and regulatory, based on the existing literature,
in order to obtain a solid understanding of the
technical and regulatory challenges documented
in the literature.

The objectives are

a. Identify the technical challenges
associated with technology adoption in
Mexico.

b. Analyse  the current  regulatory

framework and how it affects technology
implementation.

C. Make recommendations to overcome the
identified challenges.

Results
RC architecture

The CR architecture is an advanced wireless
communication system that can dynamically
adapt its  operational parameters and
communication strategies to optimise the use of
the radio spectrum.

The main components of the CR
architecture are:

1. Spectrum Sensing.

Detects available frequency bands and monitors
spectrum usage to identify communication
opportunities without interfering with Primary
Users (PU) (Haykin, 2005).
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2. Spectrum Management

Selects the best available frequency bands based
on channel conditions and spectrum usage
policies. This includes dynamic spectrum
allocation and channel selection (Akyildiz,
2006).

3. Spectrum Sharing (Spectrum Sharing)

Coordinates spectrum usage among multiple
cognitive users (Secondary Users, SU) to avoid
collisions and ensure efficient communication. It
implements mechanisms such as opportunistic
spectrum access and coexistence with primary
users (Zhao, 2007).

4. Spectrum Mobility

Allows cognitive users to switch frequencies
without service interruption when the presence
of a primary user is detected or when channel
conditions change (Zhao, 2007).

5. Cognitive  Radio
Controller)

Controller (CR

The core of the architecture, which integrates
learning and decision-making functions (Mitola,
2002). It uses artificial intelligence and machine
learning techniques to optimise real-time
operation of the CR (Bezerra, 2024).

6. User Interface and Applications

Provides the means for users to configure and
monitor the operation of the system. It allows the
implementation of specific applications that
leverage the capabilities of the CR.

The CR architecture represents the
breakthrough achieved in wireless
communications, which is significant in
providing an intelligent and adaptive solution for
the efficient use of the radio spectrum.

Benefits
1. Spectrum Efficiency

Improves spectrum utilisation by allowing
opportunistic access to unused bands (Haykin,
2005).
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2. Interference Reduction

Minimises interference with primary users
through accurate detection and dynamic
frequency switching (Akyildiz, 2006).

3. Flexibility and Scalability

Adapts its operations to different environments
and communication requirements, making it
suitable for a wide range of applications (Mitola,
2002).

4. Improved Network Performance

Optimises quality of service and network
efficiency by dynamically adjusting
communication parameters (Yucek, 2009).

Challenges

1. Accurate Detection of primary users and
identification of free bands are critical
and can be complicated in noisy
environments (Yucek, 2009).

Coexistence and Coordination

2. Efficient coordination between multiple
cognitive radios and primary users is a
challenge to avoid interference and
maximise spectrum efficiency (Zhao,
2007).

Regulation and Policy

3. The implementation of cognitive radios
must comply with the spectrum usage
regulations and standards set by the
competent authorities (Akyildiz, 2009).

Thus CR is a telecommunications
technology that allows wireless communication
devices to use the radio frequency spectrum
more efficiently.

It is based on the idea that devices can
‘understand’ and ‘learn’ from the radio
environment in which they operate in order to
optimise their performance.

CR is a technology that allows wireless
communication devices to dynamically identify
and use available radio frequencies to optimise
spectrum usage.
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In fact, CR is an advanced technology
that can allow wireless devices to automatically
detect and use spectrum frequencies that are not
in use at a given time, thus improving spectrum
usage efficiency.

Given the characteristics CR has
applications in diverse areas such as military and
police communication (AllahRakha, 2024),
mobile networks (Demeneghi, 2024), the
Internet of Things (IoT) (EI Akhdar et al., 2024),
smart grids (Velasquez et al, 2024) and Artificial
Intelligence (Al) (Espina-Romero et al., 2024)
where efficient spectrum management is crucial
for the performance and reliability of
communication systems.

Given the attractiveness of the emerging
technology, a number of countries where
significant CR trials have been conducted or
have sought to put into operation can be found in
the literature:

1. The United States:

- The Federal Communications
Commission (FCC) has been a pioneer in
promoting CR. The FCC has authorised
the use of ‘TV White Spaces’ devices,
which are unused spaces in the television
spectrum, for CR operations (Baykas,
2010).

- Several universities and technology
companies in the US have conducted
research and pilot tests in the area of CR.
Researchers such as Mitola and Haykin
have pioneered the development of CR
concepts and technologies in the US
(Mitola, 2002), (Haykin, 2005).

2. United Kingdom:

- Ofcom, the UK communications
regulatory authority, has conducted trials
of CR in TV White Spaces.

- Research projects such as the Cambridge
TV White Spaces Consortium have
explored the use of CR to provide
Internet access in rural areas (Baykas,
2010).

Ortega-Laurel, Carlos. Key guidelines to address technical and
regulatory challenges in the adoption of cognitive radio in Mexico.
ECORFAN Journal-Republic of Paraguay. 10[18]-1-10:¢61018111.
https://doi.org/10.35429/EJROP.2024.10.18.6.1.11



ECORFAN Journal-Republic of Paraguay

5
10[18]1-11: 61018111

Article
3. Japan:

- Japan's Ministry of Internal Affairs and
Communications has worked on
developing regulations and testing for
CR.

- Several universities and research centres
in Japan have been involved in pilot
projects and studies on CR.

Japan has been active in RC research and
development, with organisations such as the
National Institute of Information and
Communications Technology (NICT)
participating in  experimental trials and
deployments. Efforts in Japan have been crucial
for the adoption of VC technologies in
commercial applications (Akyildiz, 2009).

4. South Korea:

- South Korea has been a leader in the
adoption  of  advanced  wireless
technologies and has conducted research
and testing of CR.

— Academic institutions and technology
companies have collaborated in the
development of this technology (Baykas,
2010).

5. Finland:

- Finland has been a research hub for CR,
with institutions such as the University of
Oulu and the Technical Research Centre
of Finland (VTT) leading projects in this
field (Baykas, 2010).

6. China:

- China has shown a growing interest in
CR, with research and testing conducted
by universities and telecommunications
companies.

- The Chinese government has supported
research and development in this field as
part of its technological innovation
strategy (Fette, 2006).
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7. Germany

Germany has conducted significant research in
the field of RC through projects led by the
Fraunhofer Institute and other research centres.
These efforts have included field trials and
prototype development to demonstrate the
feasibility of RC in various environments (Fette,
2006).

These countries have been pioneers in the
research and development of RC, conducting
tests and establishing regulations that allow its
use. The implementation of this technology has
the potential to significantly improve the
efficiency of spectrum use and provide better
wireless communication services.

In Mexico, the Federal
Telecommunications Institute (IFT) is the body
in charge of regulating the radio spectrum. So
far, the focus has been on spectrum release for
mobile services and spectrum management for
other telecommunications services (IFT, 2023).
CR in Mexico has been only partially
considered, little explored, and not at all
implemented, but there is significant potential
for its adoption, especially in rural areas and to
improve the efficiency of spectrum use in urban
areas (IFT, 2023).

Thus, radio spectrum regulation in
Mexico, particularly in relation to CR, is a topic
of ongoing discussion and criticism. In this
sense, some criticisms and considerations on the
current regulations in Mexico will be presented
below.

Criticisms and Challenges

Lack of specific regulations: In Mexico, specific
regulation on RC is still under development. The
lack of clear and specific regulations may inhibit
the implementation and development of this
technology.

Therefore, the absence of a well-defined
regulatory framework may generate uncertainty
among operators and manufacturers of CR
equipment at any given time.

Rigidity of the regulatory framework:
Current regulations can be seen as rigid and not
sufficiently adapted to the needs of emerging
technologies such as CR.
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Traditional spectrum regulations, which
assign fixed frequencies to specific services, do
not align well with the dynamic and flexible
approach of CR, and this is just what is in place
in Mexico (IFT, 2023).

Interference and compatibility: The
introduction of CR devices may cause
interference concerns with existing radio
services. Regulations must ensure that CR
devices do not interfere with licensed
transmissions.

From the above that compatibility
between devices from different manufacturers
and technologies is another challenge that needs
to be addressed in regulation.

Licensing process: The spectrum
licensing process in Mexico is complex and
slow, and over-regulated, which can delay the
adoption of CR technologies.

In fact, the need to obtain specific
permissions for the use of certain spectrum
bands in Mexico limits the flexibility and
efficiency that CR promises.

Incentives for innovation: In Mexico
there is a lack of clear incentives for innovation
in spectrum use, which may discourage
companies from investing in CR technologies.

Current Mexican regulations may not
provide sufficient incentives for companies to
develop and adopt advanced technologies that
optimise spectrum use.

Discussion

To address the current technical and regulatory
challenges of CR, a multi-faceted approach
involving researchers, engineers, regulators and
industry is essential.

The following are specific guidelines that
the IFT should listen to in order to address these
challenges:

Technical challenges, for the regulator,
the IFT needs to ensure:

1. Promoting the development of advanced
algorithms
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To improve spectrum sensing through
sensors: ensure the development of more
accurate and efficient algorithms for the
detection of available spectrum, using advanced
techniques such as deep learning and artificial
intelligence.

- Accuracy and efficiency: seek to develop
and improve algorithms that detect with
high accuracy the available frequency
bands using machine learning and signal
processing techniques.

- Collaborative sensing: seek to implement
systems that use collaborative sensing
between multiple devices to improve the
accuracy of spectrum sensing.

- Optimisation of decision making:
regularly implement decision making
algorithms that balance spectrum
efficiency and quality of service,
leveraging predictive modelling and
game theory.

- Game theory and reinforced learning:
regulate the application of these
approaches to optimise spectrum use
decisions, balancing efficiency and
interference minimisation.

- Predictive modelling: address the use of
predictive modelling to anticipate
spectrum availability and traffic load,
enabling proactive planning.

Computational efficiency: encourage the
design of algorithms that can run in real time
with limited computational resources, especially
for mobile and loT devices.

2. Security and reliability

Protection against malicious interference: seek
to develop techniques to detect and mitigate
intentional or malicious interference, such as
denial of service attacks.

- Detection and mitigation: arrange for the
development of techniques to identify
and mitigate jamming attacks, such as
the use of spectral signatures and traffic
pattern analysis.
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- Redundancy and resilience: demand the
implementation of redundancy
mechanisms to ensure continuity of
service in the presence of interference.

- Authentication and authorisation: call for
robust mechanisms to be implemented to
ensure that only authorised devices can
access and use the spectrum.

- Security mechanisms: call for the
establishment of robust authentication
and authorisation protocols to ensure that
only legitimate devices can access and
use the spectrum.

- Data integrity: provide for ensuring that
data exchanged and decisions made by
cognitive devices are reliable and not
manipulable.

3. Interoperability

Open standards: promote the development and
adoption of open standards to ensure that devices
from different manufacturers can operate
together.

— Development and promotion: work with
standardisation bodies to develop and
promote open standards that facilitate
interoperability between devices from
different manufacturers.

- Compatibility testing: seek
comprehensive interoperability testing
between devices from different vendors
and in a variety of operating
environments.

- Common test environments: create
common test environments by the IFT to
validate the interoperability and
performance of CR devices.

Regulatory Challenges for the regulator, the IFT
has to ensure:

Flexible policy development 2.

- Dynamic regulations: establish
regulatory frameworks that allow for
dynamic use of spectrum, adjusting
frequency allocations in real time based
on demand and availability.
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- Dynamic use schemes: implement
regulations that allow for dynamic
spectrum allocation, adjusting to real-
time needs.

Temporary licensing: implement
temporary or secondary licensing schemes that
allow CR devices to access spectrum
opportunistically  without interfering with
primary users.

- Secondary spectrum access: establish
temporary or secondary licensing
schemes that allow opportunistic
spectrum access without interfering with
primary users.

2. International coordination

Global  harmonisation:  collaborate  with
international bodies to harmonise spectrum
regulations and facilitate the use of CR globally.

- International collaboration:  promote
harmonisation of regulations at the
global level to facilitate cross-border use
of CR.

Information exchange: create platforms
for the exchange of information on spectrum use
and regulatory best practices between countries.

- Communication  platforms:  create
platforms for the exchange of
information and best practices between
countries and regulators.

International ~ cooperation:  actively
participate in international fora to share
experiences and adopt best practices in spectrum
regulation.  International cooperation can
provide valuable insights and help harmonise
regulations with global standards.

Monitoring and enforcement

Monitoring  systems:  develop  advanced
spectrum monitoring systems to detect misuse
and ensure compliance with regulations.

- Monitoring  technologies:  develop
advanced spectrum monitoring systems
to detect and record misuse.
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Sanctions and penalties: establish clear
and effective sanctions for violations of
spectrum regulations.

- Clear regulations: establish clear and
effective penalties for violations of
spectrum  regulations to  ensure
compliance.

Collaboration and education the IFT is to ensure:
1. Promotion of research

Support for research projects: fund research
projects in universities and institutes to advance
CR technologies.

- Funding and grants: provide funding and
grants for RC research projects in
universities and research institutes.

Publications and conferences: to promote
the dissemination of research results through
academic  publications and  specialised
conferences.

— Knowledge dissemination: encourage the
publication of research and participation
in specialised conferences to share
advances and findings.

2. Training and awareness-raising

Training  programmes:  develop training
programmes for engineers and technicians in
new technologies and practices related to RC.

— Education and training: Develop training
programmes  for  engineers  and
technicians on RC technologies and
practices.

Awareness campaigns: conduct
campaigns to inform the industry and the public
about the benefits and challenges of RC.

— Informing the public: conduct campaigns
to educate industry and the public on the
benefits and challenges of RC,
promoting wider and more conscious
adoption.

Other considerations for improving
technology regulation in general.
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Developing specific regulations: It is
essential to develop technology-specific
regulatory frameworks that address the
particularities and benefits of each technology.
This includes clearly defining the conditions
under which devices can operate and measures
to avoid interference.

Flexibility in spectrum use: adopting a
more flexible approach to spectrum allocation
and use can facilitate the deployment of all types
of emerging technologies. Regulations should
allow, for example, for dynamic spectrum use
and efficient frequency sharing.

Interference  protection:  implement
monitoring and control mechanisms to ensure
that devices of any technology do not interfere
with licensed communications. This may include
creating a regulatory environment that allows for
the safe co-existence of multiple technologies.

Simplification of licensing: simplify and
streamline the spectrum licensing process to
facilitate  the adoption of innovative
technologies. A more accessible and less
bureaucratic licensing system can accelerate the
deployment of emerging technologies.

Encourage innovation: create incentives
for research and development in the field of
telecommunications technology in general. This
can include subsidies, tax breaks, and
collaborative programmes between government,
academia and industry.

Implementing these guidelines will help
overcome technical and regulatory challenges,
facilitating the widespread and efficient
adoption of RC, and technologies in general.

Implementing these guidelines will help
facilitate the integration of CR into modern
telecommunications.  This  comprehensive
approach will not only improve spectrum
management, but will also drive innovation in
wireless telecommunications.

Conclusions

This paper highlights key guidelines for
addressing the technical and regulatory
challenges in the adoption of CR in Mexico,
underlining the importance of a comprehensive
approach that involves both technological
advances and regulatory reforms.
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In sum, a successful adoption of CR in
Mexico will depend on a regulatory update that
fosters  innovation and investment in
technological infrastructure to address the
identified challenges.

To advance the implementation of CR in
Mexico, it will be crucial to address the technical
and regulatory challenges mentioned above,
developing policies that support innovation and
ensuring that new technologies can be safely and
effectively integrated into the country's
telecommunications ecosystem.

CR offers significant potential to
improve the efficiency of radio spectrum use in
Mexico. However, to fully exploit its benefits,
regulations need to adapt and evolve. Current
critiques highlight the need for a more flexible,
targeted and innovation-oriented regulatory
framework. Adapting regulations to address
these challenges can facilitate the adoption of
advanced technologies and optimise spectrum
use for the benefit of all users.

Implementation of the  outlined
guidelines can result in a significant
improvement in the efficiency of spectrum use,
reducing interference and increasing the
capacity of wireless networks. Advances in
security algorithms and techniques will
contribute to reliability and protection against
attacks, while the adoption of open standards and
compatibility testing will promote greater
interoperability between devices. At the
regulatory level, flexible policies and
international coordination will facilitate more
effective spectrum management, allowing more
equitable and efficient access to radio frequency
resources.

Together, these measures will not only
optimise spectrum management in Mexico, but
also drive innovation in wireless
telecommunications, benefiting a wide range of
applications, from mobile networks to the
Internet of Things (lIoT).

The CR represents a significant advance
in telecommunications technology, offering an
innovative solution for the efficient management
of radio frequency spectrum. Through its ability
to adapt and learn from the environment, it
promises to improve the performance of wireless
networks and meet the growing demand for
bandwidth.
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However, for its potential to be fully
realised in Mexico, it is crucial to address
existing technical and regulatory challenges.
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