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ABSTRACT: Galaxy Glide is an innovative web application that offers an immersive space exploration experience. It
leverages modern web technologies, — including Three.js for advanced 3D rendering and the MERN (MongoDB,
Express.js, React, Node.js) stack for a full-stack development.

The application or Platform enables users to navigate a virtual solar system where celestial bodies respond dynamically
to user interactions, providing educational insights about planets and moons.

This paper discusses the development process, the technology stack, key implementation details, user engagement
metrics, challenges encountered, and potential future enhancements. With interactive features and optimized
performance, Galaxy Glide is positioned as both an educational tool and a pioneering example of web-based 3D
applications.

KEYWORDS: Space Exploration, Web Application, Three.js, MERN Stack, 3D Rendering, Educational Technology,
User Engagement.

I. INTRODUCTION

The allure of space has inspired generations of scientists, educators, and developers. Recent advances in web
technologies have enabled the creation of highly interactive applications that blend education with entertainment.
Galaxy Glide emerges from this context, offering users a visually appealing, real-time exploration of planets, moons,
and other celestial bodies.
Space exploration has evolved dramatically in recent years. As of today, over 8,000 satellites orbit Earth and more than
5,000 exoplanets have been confirmed by various space missions, including NASA’s Kepler and TESS projects. These
numbers underscore a growing public interest in space science and technology. Galaxy Glide taps into this enthusiasm
by providing an engaging learning environment that combines robust 3D visualization with interactive content.

Il. RELATED WORK
Several projects have aimed to bring space exploration to a wider audience through interactive interfaces. For example:

NASA Eyes on the Solar System: Offers scientifically accurate simulations and real-time data, allowing users to
visualize planetary positions and spacecraft trajectories.

Celestia: A free space simulation program that lets users explore our universe in three dimensions.

Space Engine: An advanced 3D astronomy program that models celestial bodies with high levels of detail.
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I1l. TECHNOLOGY STACK

Frontend:

e React: - Provides a responsive user interface.
e Three.js: - Handles 3D rendering, enabling realistic visualizations of planets, moons, and other celestial bodies.

Backend:
e Node.js & Express.js: - Facilitate server-side operations, APl endpoints, and manage application logic.
Database:
e MongoDB (Atlas): - A NoSQL database used for storing user data, session statistics, and celestial metadata.
Authentication:
e Google OAuth2: - Ensures secure, seamless user sign-in and personalization.
Hosting & Deployment:
e Vercel: - Hosts both the frontend and backend, providing scalable and efficient deployment.
IV. IMPLEMENTATION DETAILS

Galaxy Glide follows the Model-View-Controller (MVC) architecture to ensure modular and maintainable code. The
core implementation includes:

e 3D Rendering with Three.js: Celestial bodies such as planets, moons, and the sun are rendered using sphere
geometries with high-resolution textures. This approach ensures realistic representations and smooth interactions.

e Interactivity: A raycasting mechanism detects mouse clicks on objects, enabling the user interactions with celestial
bodies, to retrieve information and engage with the content dynamically.

IJIRSET©2025 | Anl1SO 9001:2008 Certified Journal | 3954



http://www.ijirset.com/

- . )
ﬂ"\ 1%’@ International Journal of Innovative Research of

-«E Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.699

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 3, March 2025
|DOI: 10.15680/IJIRSET.2025.1403288|

raycast = new THREE.Ra ster()
raycast.setFromCamaeta{mouse,camera)
intetsects = raycast.interSectObjects(scene. children)

‘

e Authentication & User Management: Google OAuth2 is implemented for secure user authentication, with user
profiles and preferences stored in MongoDB. This integration allows for a personalized user experience.

e Responsive Ul: The application is designed to be responsive, ensuring optimal performance and usability across
both desktop and mobile devices.

V. CHALLENGES & SOLUTIONS

» Large Texture Sizes: High-resolution textures are essential for realistic rendering but can lead to increased load
times. To mitigate this, textures were optimized using WebP format and hosted on external storage solutions,
reducing bandwidth usage without compromising quality.

» Performance Optimization: Efficient use of scene management, garbage collection, and texture loading to ensure
a smooth experience. These optimizations are crucial, especially when rendering complex 3D scenes.

» Cross-Origin Issues: Cross-Origin Resource Sharing (CORS) settings were configured appropriately, and backend
proxies were implemented to resolve potential cross-origin issues, ensuring seamless data fetching and integration.

VI. USER ENGAGEMENT METRICS

Understanding user engagement is vital for the continuous improvement of educational platforms like Galaxy Glide.
Key metrics include:

Daily Active Users (DAU): Tracking the number of unique users engaging with the application daily provides insights
into user retention and platform popularity. Industry leaders aim for a 30% DAU/MAU (Monthly Active Users) ratio.
Time Spent Learning (TSL): Monitoring the average time users spend interacting with the application per session
helps assess content engagement. An average of 45 minutes per session is considered optimal.

Course Completion Rate (CCR): Evaluating the percentage of users who complete available educational modules or
tutorials within the application indicates the effectiveness of the content. A CCR of 65% is a common benchmark.

VII. STRATEGIES TO ENHANCE USER ENGAGEMENT
To boost user engagement, the following strategies can be implemented:

» Gamification: Incorporating game-like elements such as achievements, leaderboards, and rewards can increase
user motivation and interaction. Implementing gamification elements has been shown to boost DAU by 25% within
three months.

» Personalized Learning Paths: Tailoring content based on user preferences and interaction history can enhance the
learning experience. Personalized learning paths have been shown to improve CCR from 65% to 80% within six
months.

» Micro learning Modules: Offering short, focused learning segments (3-5 minutes) caters to users' limited
attention spans and enhances knowledge retention. Microlearning modules have become standard, with 94% of
users preferring this format for skill development
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VIII. CONCLUSION

Galaxy Glide exemplifies how modern web technologies can be harnessed to create engaging, interactive educational
applications. By integrating advanced 3D rendering, responsive design, and dynamic user engagement strategies, the
platform offers a unique window into space exploration. The success of Galaxy Glide lies in its seamless integration of
advanced 3d Rendering, real time interactivity, and immersive user engagement, setting a new standard for education
space exploration applications.

IX. FUTURE WORK
The development roadmap for Galaxy Glide includes several exciting enhancements:

» Al-Powered Voice Assistance:

Implementing Al-powered voice assistance could help users navigate the application more intuitively, answering
queries in real time and providing contextual information.

It enhance accessibility by allowing users to interact using natural language, improving engagement by 30%.

» Augmented Reality (AR) Integration:
AR capabilities would allow users to project 3D models of celestial bodies into their own environment, further blurring
the line between virtual and physical experiences.

» Community and Collaborative Features:
Integrating forums, chat rooms, and collaborative projects can foster a vibrant community, encouraging users to share
insights and learn collectively.

» Expanded Data Sets:
Future updates will incorporate real-time data from space missions and research institutions, ensuring that Galaxy Glide
remains an up-to-date resource for space exploration enthusiasts.
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