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Abstract - Astro Space VR is a virtual reality (VR)-based
interactive astronaut experience that allows users to
experience the life of an astronaut realistically and
engagingly. Users can learn about the different aspects of
astronaut training, prepare for a space mission, and go on
various space missions, including spacewalks, space station
maintenance, and planetary exploration. Astro Space VR
is designed to be both educational and entertaining. It is a
valuable tool for teaching students about space exploration
and the challenges and rewards of being an astronaut. It is
also a fun and exciting way for people of all ages to
experience the thrill of space travel. The Astro Space VR
environment creates a realistic and immersive experience
for users. Users feel like they are in space, surrounded by
stars and planets. The game's interactive astronaut
training modules teach users about the different aspects of
astronaut training, such as physical fitness, space survival,
and scientific research. The game also offers various space
missions to choose from, each with unique challenges and
rewards. Astro Space VR is a valuable tool for both
educational and entertainment purposes. It is a great way
for students to learn about space exploration and the life of
an astronaut, and it is a fun and exciting a way for people
of all ages to experience the thrill of space travel.

Keywords: Virtual Voyages, Enhancing, Exploration, VR,
Virtual reality, Astro Space.

I. INTRODUCTION

Astro Life is a VR-based interactive astronaut experience
developed using the Unity’s game engine. Unity is a popular
game engine used to develop games for various platforms,
including PCs, consoles, and mobile devices. Unity also
supports VR development, making it an ideal choice for
developing a VR astronaut experience. Astro Life uses Unity’s
VR features to create a realistic and immersive user
experience. Users feel like they are in space, surrounded by
stars and planets. The game also features various interactive
elements, such as astronaut training modules and space
missions. To develop Astro Life using Unity, the developers

unique and innovative VR experience that allows users to
experience the life of an astronaut realistically and engagingly.
It is a valuable tool for both educational and entertainment
purposes.
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1.1 Research paper Analysis

Profile of the respondents according to educational
attainment, gender, and specialization are considered as the
input of this study. The research process includes
administering the questionnaires, creating the application
using the Unity application and Blender, and statistical
analysis of the data and interpretation using Mean, Standard
Deviation, and Cronbach’s Alpha Formula. The output is the
Astro-themed Virtual Reality Application.

Astronomy Education is a research-based education used
to study the students learning through Astronomy’s
application. It includes various research-based methods to
study how students learn in an attempt to advance the teaching
of astronomy. Such as hands-on activities. A color scheme is a
combination or arrangement of colors. The color scheme
includes the color combinations used in the virtual reality
application. Graphics is any visual presentation of software,
including images and designs displayed on a screen; typically,
all movements in the game are part of the graphics.
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interactive elements, such as astronaut training modules and — e —
space missions, using Unity's scripting features. Astro Life is a Figure 2: System Process
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By analyzing current research papers, articles, and
projects, this study provides insights into the advancements,
challenges, and potential future directions of AR and VR in
enhancing our understanding and exploration of the cosmos.
Through a comprehensive review of existing literature, this
paper aims to shed light on the transformative role of AR and
VR in expanding the frontiers of space exploration and
fostering public engagement with astronomy.

Why it is important:

1) Enhanced Understanding

2) Training and Education

3) Public Engagement

4) Data Visualization and Analysis
5) Remote Exploration

6) Collaborative Research

Il. METHODOLOGY

The methodology for integrating Augmented Reality
(AR) and Virtual Reality (VR) into Astro-space exploration
involves a multifaceted approach aimed at creating immersive,
educational, and scientifically accurate experiences. First, it
necessitates a thorough understanding of the target audience,
whether they are astronauts, researchers, educators, or the
general public, to tailor the AR and VR applications to their
specific needs and interests.

Second, the development process involves collaboration
between experts in astronomy, space science, computer
graphics, and human-computer interaction. Astronomical data,
including images, simulations, and real-time observations,
must be integrated into AR and VR environments to ensure
accuracy and authenticity.
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Figure 3: Sequence Diagram

In addition, the methodology entails iterative design and
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to gather feedback and ensure that AR and VR applications
are intuitive, engaging, and effective in conveying
astronomical concepts.
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Figure 4: Process Flow Diagram

Here's a proposed methodology:
1) Needs Assessment and Goal Setting:

Conduct a comprehensive needs assessment to identify
the specific objectives and requirements for integrating AR
and VR into Astro-space exploration. Define clear goals and
objectives, such as enhancing astronaut training, improving
public engagement with astronomy, and facilitating
collaborative research among scientists.

2) Technology Selection and Platform Development:

Evaluate existing AR and VR technologies and platforms
to determine the most suitable options for the project goals
and requirements. Choose appropriate hardware devices (e.g.,
headsets, smartphones) and software tools (e.g., development
frameworks, content creation software) for creating AR and
VR experiences. Develop or customize AR and VR
applications tailored to the needs of Astro-space exploration,
ensuring compatibility with the chosen hardware and software
platforms.

3) Content Creation and Data Integration:

Create high-quality content for AR and VR experiences,
including 3D models of celestial bodies, space environments,
and astronomical phenomena. Integrate relevant astronomical
data, imagery, and simulations into the AR and VR

testing phases to refine the user experience and address ~ applications — to  provide accurate and  immersive
technical challenges. Usability testing with end-users is crucial ~ 'ePresentations of space.
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4) User Experience Design:

Design intuitive user interfaces and interactions for AR
and VR experiences by considering the unique capabilities and
limitations of the chosen platforms.

Focus on user engagement and accessibility, ensuring
that users can navigate and interact with the virtual space
effectively.

5) Testing and Iteration:

Conduct rigorous testing of the AR and VR applications
to identify and address any technical issues, usability
challenges, or performance bottlenecks.

Gather feedback from target users, including astronauts,
researchers, educators, and the general public, to assess the
effectiveness and usability of the experiences.

Iterate on the design and functionality of the AR and VR
applications based on user feedback and testing results,
continuously improving the quality and performance of the
experiences.

6) Implementation and Deployment:

Deploy AR and VR applications across relevant
platforms and devices, ensuring widespread accessibility and
availability. Provide training and support to users, including
astronauts, educators, and researchers, to ensure that they can
effectively utilize the AR and VR technologies for their
intended purposes.

7) Evaluation and Impact Assessment:

Evaluate the impact of the AR and VR applications on
achieving the project goals and objectives, such as enhancing
training outcomes, increasing public engagement with
astronomy, or facilitating collaborative research.

Measure key performance indicators (KPIs) related to
user engagement, learning outcomes, and satisfaction to assess
the effectiveness of the AR and VR experiences.

Gather qualitative feedback and testimonials from users
to understand their experiences and perceptions ofAR and VR
applications.

8) Documentation and Dissemination:

Document the methodology, development process, and
outcomes of the AR and VR project for future reference and
replication.
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Disseminate the findings and lessons learned through
publications, presentations, and workshops to share insights
with the broader scientific community and stakeholders in
Astro-space exploration.

2.2 Workflow of the System
1) Content Creation and Data Integration:

Develop 3D models, animations, and simulations of

celestial bodies, space environments, and astronomical
phenomena.
Integrate relevant astronomical data, imagery, and

scientific visualizations into AR and VR experiences.

Ensure accuracy and fidelity of the content to provide
users with realistic and informative representations of space.

2) User Interaction and Exploration:

Design intuitive user interfaces and interactions to
navigate and interact with AR and VR environments. Enable
users to explore virtual space environments, manipulate
objects, and interact with data using gestures, controllers, or
voice commands.

Provide informative annotations, labels, and overlays to
highlight key features and provide context for users during
exploration.

3) Educational and Training Applications:

Develop educational modules and training simulations
for various audiences, including students, educators,
astronauts, and researchers.

Create interactive lessons and tutorials that guide users
through astronomical concepts, space missions, and scientific
experiments.

Design training scenarios that replicate the real-world
challenges faced by astronauts and space explorers, allowing
them to practice procedures and hone their skills in a safe
virtual environment.

4) Feedback and Iteration:

Gather feedback from users, including astronauts,
educators, researchers, and the general public, on their
experiences with the AR and VR applications. Analyze user
feedback and usage data to identify areas for improvement and
optimization of AR and VR experiences.
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Iterate on the design, content, and functionality of the

applications based on user input, testing results, and emerging
technologies to enhance their effectiveness and usability.
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Figure 6: Functional Diagram
2.3 Texture Mapping Algorithm

Texture mapping algorithms are fundamental for
rendering realistic surfaces for celestial bodies and space
environments in AR and VR applications for Astro-space
exploration.

1) Surface Representation:

Celestial bodies such as planets, moons, asteroids, and
comets can be represented as 3D models in virtual
environments. These models typically consist of geometric
primitives like spheres or ellipsoids.
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Texture mapping involves applying 2D images, called
textures, onto these 3D surfaces to give them detail, color, and
texture.

2) Texture Acquisition:

Textures for celestial bodies can be obtained from various
sources, including satellite imagery, telescopic observations,
and astronomical databases.

High-resolution images of planetary surfaces captured by
spacecraft missions (e.g., Mars rovers, and lunar landers)
provide detailed texture maps for rendering.

3) UV Mapping:

UV mapping is the process of mapping points on a 3D
surface to corresponding points on a 2D texture coordinate
space (commonly referred to as UV coordinates).

Each vertex of the 3D model is associated with a UV
coordinate, which determines how the texture is applied to the
surface.

4) Texture Mapping Algorithm:

Once the UV mapping is established, the texture mapping
algorithm determines how to sample the texture image and
apply it to the 3D surface.

The algorithm calculates the texture coordinates for each
pixel on the surface based on its UV coordinates and then
retrieves the corresponding color information from the texture
image.

5) Filtering and Interpolation:

Used to improve the visual quality of the rendered
surface.

Filtering methods such as bilinear or trilinear filtering
help smooth transitions between adjacent texels (texture
pixels) to reduce artifacts like aliasing.

Interpolation methods interpolate texture coordinates and
colors between vertices to produce smooth shading across the
surface.

6) Dynamic Texture Generation:

In dynamic environments or procedural generation
scenarios, texture mapping algorithms may dynamically
generate textures based on parameters such as altitude, terrain
type, or atmospheric conditions.
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For example, dynamic weather effects on planetary
surfaces (e.g., dust storms on Mars) can be simulated by
altering the texture maps in real-time.

2.4 Blender

Blender is a powerful open-source 3D modeling,
animation, and rendering software that can be used to create
content for Astro-space exploration in AR and VR
applications. Here is how Blender can be used in this context:

1) Modeling Celestial Bodies:

Blender provides tools for creating detailed 3D models of
celestial bodies such as planets, moons, asteroids, and comets.
Users can sculpt and manipulate geometric primitives to
accurately represent the shape and features of these objects.

Techniques such as texture painting and sculpting can be
used to add surface details like craters, mountains, and valleys
to the models.

2) Texture Mapping:

Blender supports texture mapping by allowing users to
apply 2D texture images onto 3D surfaces. Users can UV
unwrap their models to generate UV coordinates, which can
then be used to map textures onto the surfaces.

Blender texture painting tools enable users to create
custom textures or import images obtained from astronomical
observations and missions to accurately depict the appearance
of celestial bodies.

3) Animation and Simulation:

Blender animation and simulation capabilities can be
used to create dynamic and interactive AR and VR
experiences for Astro-space exploration.

Users can animate the movement of celestial bodies,
simulate orbital dynamics, and visualize astronomical
phenomena such as planetary rotations, eclipses, and comet
trajectories.

4) Rendering:

Blenders built-in rendering engine, Cycles, and the real-time
rendering engine, Levee, can produce high-quality
visualizations of Astro-space environments.

Users can render realistic lighting, shadows, and reflections to
create immersive AR and VR experiences of space
exploration.
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25C#

C# (C Sharp) is a widely used programming language in
the development of applications, including those for AR and
VR. Here is how C# can be used in the context of Astro-space
exploration using AR and VR:

1) Unity Game Engine:

Unity is a popular game engine that supports the
development of AR and VR applications, including those for
Astro-space exploration.

C# is the primary programming language used in Unity
development, making it well-suited for creating interactive
and immersive experiences.

Developers can use C# scripts to control the behaviour of
objects, implement user interactions, and manage the flow of
the application within Unity.

2) AR Development:

C# can be used to develop AR applications for mobile
devices and AR glasses, allowing users to overlay virtual
objects and information onto the real-world environment.

With Unity's AR Foundation framework and AR Core
(for Android) or ARK:it (for iOS) plugins, developers can
create AR experiences that incorporate celestial objects, space
environments, and astronomical data.

3) VR Development:

C# is extensively used in the development of VR
applications for headsets such as the Oculus Rift, HTC Vive,
and PlayStation VR.

Unity provides native support for VR development,
allowing developers to create immersive VR experiences that
transport users to virtual space environments, planets, and

galaxies.
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2.6 Standard Scalar algorithm

The standard scalar algorithm is a technique used in
machine learning for feature scaling, particularly in
preprocessing data for models like Support Vector Machines
(SVM) and K-nearest neighbors (KNN). However, it does not
directly relate to Astro-space exploration in AR and VR
applications.

In Astro-space exploration using AR and VR, the focus is
more on rendering, simulation, data visualization, and
interaction. While machine learning techniques might be
applied in some contexts, they typically involve different
algorithms tailored to specific tasks like data analysis,
classification, or prediction.

If you are interested in machine learning applications
within Astro-space exploration, algorithms like classification
trees, support vector machines, neural networks, or clustering
algorithms might be more relevant. These could be used for
tasks such as classifying celestial objects, predicting
astronomical phenomena, and analyzing large datasets
gathered from telescopes or space probes.

The standard scaler is a method of pre-processing data in
machine learning that scales the data such that it has zero
mean and unit variance. It is often used for continuous input
variables with different scales and ranges. The transformation
is performed by subtracting the mean from each data point and
then dividing by the standard deviation. This results in a new
dataset in which the mean is zero and the standard deviation is
one, with a distribution that is closer to a standard normal
distribution.

1. RESULTS AND DISCUSSION

Utilizing Augmented Reality (AR) and Virtual Reality
(VR) for Astro-space exploration, the results demonstrate
profound advancements in public engagement, education,
training, and scientific visualization. AR and VR applications
provide immersive experiences, allowing users to explore
celestial bodies and cosmic phenomena in unprecedented
detail. These technologies enhance educational outreach
efforts by captivating learners of all ages and offering
interactive learning experiences. Moreover, VR simulations
enable realistic training scenarios for astronauts, space
engineers, and mission planners, fostering preparedness for
space missions in a safe virtual environment. Additionally, AR
and VR facilitate the visualization and analysis of
astronomical data, empowering researchers to uncover
patterns, make discoveries, and advance our understanding of
the universe. Despite challenges such as technical limitations
and accessibility issues, the potential of AR and VR in Astro-
space exploration remains promising, paving the way for
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further innovation and collaboration in shaping the future of
human exploration of the cosmos.

Figure 8

Figure 9

IV. CONCLUSION

Astro-Space: VR-Based Interactive Astronaut Experience
Using Unity is a promising new VR game that can be both
educational and entertaining. The game uses Unity's VR
development tools to create a realistic and immersive VR
environment that allows users to feel like they are in space.
The game also includes a variety of astronaut training modules
and space missions that teach users about the different aspects
of astronaut training and provide them with a variety of
challenging and rewarding tasks to complete. The game is still
in development, but it has the potential to be a valuable tool
for educators and a fun and engaging experience for players of
all ages. The game could be used in schools to teach students
about the different aspects of space exploration and the life of
an astronaut. It can also be used in museums and other public
venues to provide visitors with a unique and immersive
experience. Overall, Astro Space: VR-Based Interactive
Astronaut Experience Using Unity is a promising new VR
game that can be both educational and entertaining. The game
is still in development, but it has the potential to be a valuable
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tool for educators and a fun and engaging experience for
players of all ages.

V. FUTURE SCOPE

In the future, we will gamify more Apollo missions. We
are currently working on the gamification of the Apollo 17
mission. We would like users to learn about the evolution of
the sequence of Apollo missions, which would be important to
the history of space technology. We would like to improve the
game according to the comments we received. We plan to add
cut scenes or video clips to show the actions of astronauts
collecting soil samples or setting up science experiments.
More rock obstacles will be added to make driving more
challenging. We plan to modify the game for elementary and
middle school students by creating child-friendly controls and
interfaces (e.g., replacing text-based instructions with
graphical tutorials).

We also plan to perform a quantitative assessment to
identify the relationship among the number of times play was
performed, the improvement of play score, and learning
efficiency. In the future, we plan to add gesture recognition 1
to enable freehand interaction with the VR content game. We
found in the literature that the feeling of cybersickness could
also be mitigate using teleportation techniques combined with
the players hand or head-p actions (Rahimi et al. 2018; Checa
and Bustillo 2020). We would also enhance the game's
flexibility by, enabling interactive capabilities for users to
manipulate parts and control narrative speed.
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