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Application of augmented reality in space exploration and astronomy
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ABSTRACT

Introduction: augmented reality (AR) integrates signals captured from the real world with signals generated
by computers, making them correspond in the construction of new coherent realities, which complement and
coexist in the real world and the virtual world.

Objective: characterize the impact of augmented reality on astronomy and space exploration issues.
Method: a review of the bibliography was carried out using articles rescued from databases such as SciELO,
Dialnet, Scopus, Researchgate, recovering a total of 16 reference articles from available literature related
to the topic in question, included in the time frame. between 2019 and 2024.

Results: AR constitutes powerful tools for teaching Astronomy, since they allow the observation of stars,
constellations and the solar system, facilitating the explanation of celestial phenomena to the educator,
generating behaviors of satisfaction, interest, autonomy and, above all, motivation towards The learning of
topics related to the universe, maintains the real world that the user sees, complementing it with virtual
information superimposed on the real one, thus favoring decision making, the formulation of predictions and
solutions and even developing mathematical models.

Conclusions: augmented reality constitutes a powerful tool for the acquisition of skills and knowledge, allowing
real-time visualization of astronomical data, scientific education and dissemination, space simulations, but
above all it allows us to understand and discover the immensity of the universe that surrounds us.

Keywords: Augmented Reality; Space Exploration; Astronomy; Technology.

© 2024; Los autores. Este es un articulo en acceso abierto, distribuido bajo los términos de una licencia Creative Commons (https://
creativecommons.org/licenses/by/4.0) que permite el uso, distribucion y reproduccion en cualquier medio siempre que la obra original
sea correctamente citada


https://crossmark.crossref.org/dialog/?doi=10.62486/agmu202423
https://doi.org/10.62486/agmu202423
https://orcid.org/0000-0003-0635-876X
mailto:rita.ramos@up.ac.pa.ac?subject=
https://orcid.org/0000-0002-3247-2075
mailto:rene.bracho@up.ac.pa?subject=
https://orcid.org/0009-0004-4118-1968
mailto:milagros.bracho@up.ac.pa?subject=
https://orcid.org/0000-0002-8886-3892
mailto:cynthiaolguin@uas.edu.mx?subject=
https://orcid.org/0000-0002-2220-2688
mailto:denisseosuna@uas.edu.mx?subject=
https://orcid.org/0000-0002-0545-2562
mailto:ing.josegregoriomora@gmail.com?subject=
https://orcid.org/0000-0002-6311-4414
mailto:aaron.bracho@up.ac.pa?subject=
https://orcid.org/0000-0002-3198-5661
mailto:nancyrosillo@hotmail.com?subject=
https://orcid.org/0000-0001-8909-7782
mailto:raromeroc@post.emi.edu.bo?subject=
https://orcid.org/0000-0001-9892-0734
mailto:richbo@hotmail.com?subject=
https://orcid.org/0000-0001-6703-9629
mailto:danielnieves@uas.edu.mx?subject=
https://orcid.org/0000-0003-4811-0148
mailto:mariadelapaz@uas.edu.mx?subject=
http://orcid.org/0009-0004-0535-2926
mailto:rogebs@uas.edu.mx?subject=
http://orcid.org/0000-0003-0218-0140
mailto:mprv47@gmail.com?subject=
http://orcid.org/0000-0002-6411-8361
mailto:ssvvbb1968@gmail.com?subject=
https://orcid.org/0000-0003-3768-3194
mailto:elizabeth.ormaza@uleam.edu.ec?subject=
https://orcid.org/0000-0001-9373-2873
mailto:cesar.carbache@uleam.edu.ec?subject=
https://orcid.org/0000-0003-4366-7828
mailto:aida75505@gmail.com?subject=
https://orcid.org/0000-0001-7050-2258
mailto:romanamarelys@gmail.com?subject=
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.62486/agmu202423
https://doi.org/10.62486/agmu202423
https://orcid.org/0000-0003-0257-1176

AG Multidisciplinar. 2024; 2:23 2
RESUMEN

Introduccion: la realidad aumentada (RA) integra senales captadas del mundo real con senales generadas
por computadoras, las hace corresponder en la construccion de nuevas realidades coherentes, que se
complementan y coexisten en el mundo real y el mundo virtual

Objetivo: caracterizar el impacto de la realidad aumentada en temas de astronomia y exploracion espacial.
Método: se realizd una revision de la bibliografia mediante los articulos rescatados desde las bases de
datos como SciELO, Dialnet, Scopus, Researchgate, recuperandose un total de 16 articulos referenciales de
literatura disponible relacionados con el tema en cuestion, comprendidos en el marco de tiempo entre el
2019 y 2024.

Resultados: la RA constituye poderosas herramientas para la ensefianza de la Astronomia, ya que permiten
observar las estrellas, constelaciones y sistema solar, facilitando la explicacion de los fenomenos celestes al
educador, genera comportamientos de satisfaccion, interés, autonomia y sobre todo de motivacion hacia el
aprendizaje de temas relacionados al universo, mantiene el mundo real que ve el usuario complementandolo
con informacion virtual superpuesto al real favoreciendo asi la toma de decisiones, el planteamiento de
predicciones y soluciones e incluso desarrollar modelismos matematicos

Conclusiones: la realidad aumentada constituye una herramienta potente para la adquisicion de habilidades y
conocimientos permitiendo la visualizacion en tiempo real de datos astronomicos, la educacion y divulgacion
cientifica, simulaciones espaciales, pero sobre todo permite comprender y descubrir la inmensidad del
universo que nos rodea.

Palabras clave: Realidad Aumentada; Exploracion Espacial; Astronomia; Tecnologia.

INTRODUCTION

Augmented reality (AR) is a way to interact with physical reality in real-time. It is used to define a vision
through a technological device, direct or indirect, of a physical environment of the natural world, whose
elements are combined with virtual elements for the creation of mixed reality in real time. The fields of
application are many; among them we can mention Manufacturing, maintenance, and repair of machinery,
equipment and components, entertainment, advertising, education, and medicine.®

When it comes to its concreteness, the first thing is to avoid falling into the error of believing that it is
recent because already in the 90s, the term was used in different fields ranging from medicine to aeronautics,
robotics and tourism. However, we must recognize that it has been in recent years that it has acquired greater
significance and presence, both in the industrial sector and in leisure and training.?®

The purpose of AR is to superimpose three-dimensional images on the images provided by the camera. This
technique is being used in medical applications mainly because it generates an increase in the visual signals
perceived by the surgeon with an enlargement of his visual perception, which is reflected in greater precision
and success in interventions; in addition, it improves the surgeon's hand-eye response thanks to the enlargement
of reality. In contrast to virtual reality, which recreates a mostly artificial environment, augmented reality
enriches reality, which is more acceptable to the human eye and brain.®

In order for AR to be reproduced, 3 fundamental components are needed: a natural object that functions
as a reference for the interpretation and creation of the virtual object. The presence of a device with a
camera to transmit the image of the real object. Moreover, finally, a software responsible for interpreting the
signal transmitted by the camera.® Augmented reality (AR) is part of what has come to be known as emerging
technologies. It is a technology that has been gaining strength in digital education due to the flexibility it
provides in terms of facilitating learning about specific subjects in an interactive and immersive way.®

Interactive educational resources are part of those technological means that can promote better learning
since the use of multimedia materials provides teaching options that facilitate an effective and better-quality
educational process. The trends continue to grow and the new devices, increasingly accessible and ubiquitous,
are joined by new technological trends and didactic strategies such as augmented reality. Astronomy is one of
the oldest sciences, but given the technological growth, it is also a modern science; through AR, it is possible
to enhance the skills, attitudes, and knowledge that allow them to understand, appreciate, and care for their
natural environment, enhancing their curiosity and capacity for wonder.®

The convenience of involving in the educational scenario interactive strategies for the teaching of topics
such as Astronomy, generating in students interest in the discovery of the world and the Universe that surrounds
them, is exposed. In the same way, for society in general, it is possible to describe the importance of linking the
teaching of Astronomy to education programs and, in this way, promote consultation on science topics besides
generating spaces mediated by AR.?
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Therefore, the objective of this review article is to characterize the impact of augmented reality on
astronomy and space exploration.

METHOD

A review of the available literature was conducted using the synthetic and historical-logical analytical
methods through articles retrieved from databases such as SciELO, Dialnet, Scopus, and Researchgate, retrieving
a total of 16 referential articles of available literature related to the topic in question, comprised of the time
frame between 2019 and 2024. Filters were used to select articles in English and Spanish. The terms "Space
Exploration,” "Augmented Reality,” "Technology,” and "Astronomy” were used as keywords in the article.

RESULTS

The human brain more widely accepts augmented reality because it retains much of the natural visual
pathway, in contrast to another popular technology called virtual reality, which is characterized by creating
a completely artificial environment and vision. In recent years, AR medical applications have had a rapid
expansion, led by advances in hardware (interfaces, haptics, and displays), at the same time as smartphones.

Smartphones and tablets have become increasingly popular tools for AR applications in medicine, industry,
and education.®

It is essential that augmented reality overcomes the initial stage in which it is and begins to occupy a
relevant place both outside and inside the classroom, consolidated as a valuable motivational and teaching-
learning tool; perhaps, someday, augmented reality will be a relevant element in the educational world.
Augmented reality has made it possible to establish a safe alternative to laboratory practices or classroom
practices by including them in a more controlled environment.®

Alvarez-Herrero et al.(® state that taking learning to the street, to the context and the reality closest
to the students, has always been a resource with which positive results have been experienced. Doing so,
accompanied by an appropriate and coherent use of digital technologies, brings more excellent benefits when
we are also talking about secondary school students and the use of smartphones and social networks.

The coherent integration of this technology in real-time offers a diversity of layers of digital information
and its possibility of interaction; for the construction of the content, the person must intervene and enrich or
alter the information of reality with the information that is integrated. It is a technology, that of cell phones,
strongly available to students, and with respect to which they show a high degree of agreement for its use as
a learning technology.?®

About this technology, Suarez Rodriguez"" assures that Digital Elevation Models (DEM) are numerical data
structures that represent the spatial distribution of elevation, providing quantitative and continuous information
for the visualization of variables. On the other hand, Augmented Reality is a system that involves the user
and complements the visualization of the natural world through virtual elements. The linking of Augmented
Reality with Digital Elevation Models generates a significant contribution to the visualization, interaction,
and understanding of phenomena. Linking DEM with AR environments has a positive impact on the ability to
interpret relief and satellite images and even allows the development of mobile applications.

AR integrates signals captured from the real world with signals generated by computers, matching them in the
construction of new coherent realities, which complement and coexist in the real world and the virtual world,
enriching cognitive experiences in the visual order and undoubtedly improving the quality of communication in
the context in which students and teachers work.®

Pérez-Lisboa et al.® evidenced in their results that progress in scientific language by recognizing
elements of the Universe, semantic aspect, expressing ideas and explanations about astronomical events,
and morphosyntactic aspect, which children met in the educational intervention. Augmented reality and the
Stellarium program are powerful tools for teaching astronomy, as they allow observing the stars, constellations,
and solar system, facilitating the explanation of celestial phenomena to the educator.

In turn, Alzate et al.” found that the use of AR tools focused on education generated students' behaviors
of satisfaction, interest, autonomy, and, above all, motivation toward learning topics related to the Universe,
the solar system, space exploration and the planet Earth. It showed that the implementation of AR fulfills
a mediating function within the teaching and learning processes where the teacher uses it as an aid tool.
However, at the same time, it is essential to give intentionality to the activities and content, in this case of
Astronomy, so that it is within the context that is desired to apply virtual presence, having all the necessary
elements so that the subject can navigate autonomously, interested and pleased to acquire the new learning.

Augmented reality does not replace the real world with a virtual one. However, on the contrary, it maintains
the natural world that the user sees, complementing it with virtual information superimposed on the real one.
The user never loses contact with the natural world within sight and, at the same time, can interact with the
superimposed virtual information.®

The intention of identify the narrative possibilities of augmented reality through the creation of an interactive
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3D animation on astrophysics topics. To achieve this, a series of conceptual, aesthetic, and technological
elements of augmented reality were identified that allowed the creation of an immersive narrative using 3D
animation, with relevant astrophysics topics such as black holes, wormholes, and general relativity, as well as
its validation with thematic experts. Finally, an audiovisual translation is proposed that takes these concepts,
both technical and thematic, to a virtual space using augmented reality. Currently, the literature and uses of
AR that deal with scientific topics are used more to expand the information seen through the screen rather than
so much in creating immersive narratives of scientific dissemination using this technology.?

Castro Rojas!"® conducted, in his study, a diagnosis in which he evaluated the initial state of the students
regarding their knowledge of astronomical concepts and their production of narrative texts. In accordance
with the didactic guidelines on the teaching of astronomy, learning workshops were adapted and designed from
virtual work at home, and progress was evaluated. Their research allowed children to explore the world from
different perspectives, improve the richness and practice of their narrative production, and take ownership of
astronomical concepts.

It is a technology that can be adapted to different educational practices and experiences that can range
from objectivist learning, since it allows students to learn specific skills and protocols of action perfectly
defined and structured, to constructivist positions, where students have to adopt active positions for the
construction of knowledge and from actions where information is presented through these objects in learning
situations based on games or problems.?

At present, there are numerous space missions aimed at mapping our galaxy. One of the most outstanding
is the Gaia mission, the jewel of the European Space Agency, whose main objective is to create a three-
dimensional map of the Milky Way in order to investigate its composition, formation, and evolution. At the
moment, the latest data available belong to Early Data Release 3. They are managed by the DPAC (Data et al.),
a European consortium formed by researchers and expert scientists dedicated to the processing and analysis of
the data collected by the satellite from our solar system.

This work details the 3D representation and animation of the mentioned clusters, making use of the Early
Data Release 3 data. This application allows the user to interact with the stars that compose each cluster,
to consult information related to them, as well as to visualize their movement over time. In addition, the
application integrates Augmented Reality technologies to visualize and interact with the clusters in a more
intuitive way by means of the glasses.

Astronomy is a science that enables interdisciplinarity, generates interest and curiosity in people of all ages,
and has been a pioneer in the development of scientific thinking. Astronomy allows the consolidation of some of
the concepts of the natural sciences and promotes technological advances and innovation that have contributed
to the social development of civilizations. The methodological basis of the didactic sequence allows for an
immersive environment in which the children recognize the work of the astronomer and particularly of the
astronaut; this implies assuming a position of closeness to the astronomical sciences, thus allowing scientific
concepts to be developed in a contextual environment, in which problematic situations arise, phenomena that
require explanation and particularities of scientific work such as decision making, the approach of predictions
and solutions and even developing mathematical modeling.

The potential use of augmented reality and design is recognized as alternative tools within educational
institutions for the creation of instruments that allow the development of motor and spatial skills in preschool
students, seeking to improve the academic performance of children in the school environment.'®

CONCLUSIONS

Augmented reality is a powerful tool for the acquisition of skills and knowledge, allowing real-time
visualization of astronomical data, education and scientific dissemination, and space simulations. However,
above all, it allows us to understand and discover the vastness of the Universe around us.
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Cynthia Michel Olguin-Martinez, Denisse Viridiana Velarde-Osuna, José Gregorio Mora-Barajas, Aaron Samuel
Bracho Mosquera, Nancy Rosillo Suarez, Rafael Romero-Carazas, Juan Richar Villacorta Guzman, Daniel Omar
Nieves-Lizarraga, Maria Teresa De Jesis De La Paz Rosales, Rogelio Buelna-Sanchez, Mario Pedro Rodriguez
Vasquez, Bertha Silvana Vera Barrios, Elizabeth del Carmen Ormaza Esmeraldas, César Carbache Mora, Aida
Maygualida Rodriguez-Alvarez, Amarelys Roman-Mireles.

Writing - proofreading and editing: Rita Liss Ramos Perez, Rene Isaac Bracho Rivera, Milagros Andrea Bracho
Rivera, Cynthia Michel Olguin-Martinez, Denisse Viridiana Velarde-Osuna, José Gregorio Mora-Barajas, Aaron
Samuel Bracho Mosquera, Nancy Rosillo Suarez, Rafael Romero-Carazas, Juan Richar Villacorta Guzman, Daniel
Omar Nieves-Lizarraga, Maria Teresa De Jesus De La Paz Rosales, Rogelio Buelna-Sanchez, Mario Pedro Rodriguez
Vasquez, Bertha Silvana Vera Barrios, Elizabeth del Carmen Ormaza Esmeraldas, César Carbache Mora, Aida
Maygualida Rodriguez-Alvarez, Amarelys Roman-Mireles.
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