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Abstract: Virtual tourism has emerged as a revolutionary solution to overcome the limitations of traditional travel, such as
physical, economic, and natural constraints. Using technologies like 360° imaging and virtual reality, it provides an immersive
and accessible alternative for experiencing locations remotely. This paper explores advancements in virtual tours, including
automated systems for linking equirectangular images and enhancing user experiences. The study also highlights the potential
of virtual tourism in cultural engagement, emphasizing the importance of user-friendly design to bridge gaps between user
expectations and system functionality.
L. INTRODUCTION

The world has witnessed a profound transformation in the way we interact with spaces and environments, thanks to technological
advancements. Over the years, virtual tours have emerged as a revolutionary tool that transcends traditional boundaries, offering
immersive experiences across various sectors such as tourism, education, real estate, cultural preservation, and more. These
interactive and visually captivating tools provide users with the ability to explore locations and environments remotely, making
them invaluable in a world where physical access is often limited. Virtual tours are not confined to the realm of tourism. While they
have significantly enhanced the way people experience global landmarks and cultural sites, their applications extend far beyond. In
the field of education, virtual tours have become a critical tool for institutions to showcase their campuses and facilities to
prospective students worldwide. Museums and cultural heritage sites use virtual tours to preserve and share historical artifacts with a
global audience, ensuring that knowledge and culture remain accessible even in the face of physical barriers. The real estate industry
has also greatly benefited from virtual tours. Platforms like PAPanorama and AirPano have pioneered the integration of 360-degree
virtual experiences to allow potential buyers and renters to explore properties from anywhere in the world. This level of accessibility
not only enhances user engagement but also empowers individuals to make informed decisions without the need for physical visits.
Similarly, virtual tours have been adopted by universities, retail spaces, and businesses to provide interactive walkthroughs,
streamlining the decision-making process for their audiences. The significance of virtual tours became even more evident during the
COVID-19 pandemic. As global travel restrictions and social distancing measures came into effect, virtual tours offered a lifeline,
enabling people to explore destinations, engage with cultural exhibits, and even attend virtual open houses from the safety of their
homes. This shift not only addressed the immediate challenges posed by the pandemic but also opened new possibilities for the
future of remote exploration. The versatility of virtual tours lies in their ability to create immersive and interactive experiences. By
integrating technologies such as 360-degree photography, augmented reality (AR), and virtual reality (VR), virtual tours simulate
real-world environments with exceptional detail and interactivity. Users can navigate spaces, adjust viewing angles, and interact
with features, making them feel as though they are physically present. This innovation has transformed the way people learn,
explore, and connect with the world around them. Despite their growing popularity, virtual tours face challenges, including the lack
of standardization in design and usability issues that affect user experience. For instance, users may encounter difficulties in
navigation or mismatches between their expectations and the system's functionality. Addressing these challenges requires a deeper
understanding of user behavior and the development of frameworks that ensure consistency and accessibility. This review explores
the concept, strengths, and challenges of virtual tours across multiple domains. By examining their current applications and future
potential, we aim to shed light on how this technology is reshaping industries and breaking down barriers to access, creating a more
inclusive and interconnected world.

A. Pipeline for Creating a Virtual Tour

1) Equirectangular Image Capture

The creation of a virtual tour begins with capturing equirectangular images, which are 2D representations of spherical panoramas.
These images provide a 360° horizontal view and a 180° vertical view, much like projecting Earth onto a flat map. High-quality
360° cameras such as Ricoh Theta or Insta360 are used for this purpose. Proper lighting, positioning, and stabilization (often with
tripods) are crucial to ensuring sharp and consistent visuals.
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2) Connecting Equirectangular Images

Once the equirectangular images of various locations (e.g., different rooms of a house or areas of a campus) are captured, they must
be connected to create a seamless walkthrough experience. This involves adding navigational links or "hotspots™ that allow users to
move from one location to another. For example, a user might navigate from the living room to the kitchen or bedroom in a real
estate property. This connection process is typically manual and requires precision to align different images correctly, ensuring a
smooth user experience. Advanced tools like Krpano or Matterport are often used to streamline this step.

3) Enhancing the Virtual Tour with Interactive Features

To improve user engagement, various interactive features can be integrated into the tour. These include clickable hotspots that
provide additional information, multimedia elements like videos or audio guides, and text overlays that offer context about specific
areas. Custom navigation routes can also be designed, allowing users to explore locations in an order that suits their preferences.

4) Optimizing the Virtual Tour for Performance

To ensure the virtual tour runs smoothly across devices, optimization of images and videos is essential. High-quality visuals are
compressed without compromising clarity to reduce loading times. The tour is also designed to be responsive, making it compatible
with devices such as desktops, tablets, and smartphones. This step ensures accessibility and a better user experience for a wider
audience.

5) Publishing the Virtual Tour

Once the virtual tour is complete, it needs to be published. Hosting is typically done on cloud platforms like AWS or Google Cloud,
which provide scalability and reliability. Alternatively, tours can be embedded into mobile applications or shared as web-based
links. This step ensures that the tour reaches the intended audience and can be accessed conveniently from anywhere.

6) Testing and Debugging

Before making the tour publicly available, thorough testing is conducted to identify and fix any issues, such as broken links, laggy
navigation, or compatibility problems on different devices and browsers. This step ensures a seamless and error-free experience for
users.

7) Advanced Features for Virtual Tours

To enhance the experience further, advanced features like Virtual Reality (VR) compatibility can be integrated. This allows users
with VR headsets to enjoy an immersive experience. Real-time analytics can also be implemented to track user behavior, providing
valuable insights for improvements. Multilingual support can be added to cater to a global audience, making the virtual tour
accessible to users from diverse regions.

B. Virtual Reality Technology

1) Immersive Experience

Virtual Reality (VR) technology creates a fully immersive digital environment for the user, typically through a VR headset that
displays 3D visuals and provides spatial audio. This makes users feel as if they are physically present in the virtual world.
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2) Interaction and Movement
VR allows users to interact with the virtual environment. Using motion-tracking devices like controllers or gloves, users can move
and manipulate objects, simulating real-world actions within the virtual space.

3) Multi-Sensory Effects
VR engages multiple senses, including visual, auditory, and sometimes haptic (touch) feedback. These sensory inputs work together
to heighten the immersion, making the virtual experience more lifelike.

4) Advanced Hardware and Software
VR requires high-performance computers or gaming consoles to run software that generates detailed 3D virtual environments.
Popular VR systems like Oculus Rift, HTC Vive, or PlayStation VR provide users with an enhanced, realistic experience.

5) Surpassing Time and Space
VR technology can simulate locations, events, or experiences beyond the physical limitations of time and space, allowing users to
visit far-off places or perform activities that would otherwise be inaccessible.

1. LITERATURE REVIEW

The evolution of virtual tours has revolutionized the way people explore and interact with various spaces, transcending the
boundaries of physical travel. Initially gaining prominence in the tourism industry, virtual tours have allowed individuals to
experience destinations remotely, offering a sense of immersion that closely replicates real-world exploration. This innovation
became a lifeline during the COVID-19 pandemic, where lockdowns and travel restrictions hindered physical movement. By
leveraging platforms such as AirPano and P4Panorama, destinations, museums, and cultural heritage sites remained accessible to a
global audience, fostering curiosity and even inspiring future in-person visits. These platforms set a benchmark for how technology
can bridge gaps and make experiences universally available. Beyond tourism, virtual tours have made significant strides in other
domains. In the field of education, they have enabled students to virtually visit campuses, museums, and historical sites, providing
an enriching experience that supports both academic learning and cultural appreciation. This is especially impactful for those unable
to travel due to financial, physical, or geographical limitations. By democratizing access to knowledge and experiences, virtual tours
have become a valuable educational tool in a technology-driven world. The real estate industry is another sector that has greatly
benefited from virtual tours. Property listings enhanced with 360-degree virtual walkthroughs provide potential buyers or tenants
with an interactive and detailed view of homes and commercial spaces, eliminating the need for frequent physical visits. This has
not only improved decision-making processes but also enhanced customer satisfaction by making property exploration more
convenient and efficient. Additionally, virtual tours have proven essential for cultural preservation and accessibility. Museums and
heritage sites have adopted virtual tour technology to share their collections with individuals unable to visit due to age, disability, or
political and economic constraints. This has not only allowed cultural treasures to reach a broader audience but has also supported
efforts to preserve and document these assets for future generations. Virtual tourism has thus emerged as a powerful tool for
fostering cultural exchange and understanding across the globe. In healthcare, virtual tours play a unique role by familiarizing
patients with medical facilities before their visits, helping to ease anxiety and improve the overall experience. Patients can navigate
hospital layouts, view treatment areas, and gain a sense of comfort, making their journey into medical care less intimidating. This
demonstrates the adaptability of virtual tours in addressing specific needs beyond traditional use cases.

Despite their widespread application and growing popularity, virtual tours face challenges such as inconsistent design standards and
usability issues, which can detract from the user experience. Different platforms often employ varying interaction mechanisms,
leading to confusion among users. However, advancements in technologies like artificial intelligence and augmented reality promise
to address these limitations by enhancing personalization and interactivity in virtual environments.

1. PROBLEM STATEMENT
Despite the advancements in virtual tour technologies, significant challenges persist that hinder their widespread adoption and
optimal usage across various domains. One of the primary issues is the lack of standardization in the design and implementation of
virtual tours, leading to inconsistencies in user experience. Different platforms employ varying interaction mechanisms, navigation
systems, and user interfaces, often resulting in confusion and dissatisfaction among users. This inconsistency makes it difficult for
virtual tours to achieve a seamless and universally accessible experience.
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Another critical challenge is the technological barrier faced by users who may lack access to the necessary devices or high-speed
internet required for an immersive virtual tour experience. While virtual tours hold immense potential for inclusivity, these
technological constraints disproportionately affect individuals from remote or economically underprivileged regions, limiting their
ability to benefit from this innovation.

Moreover, the immersive quality of many virtual tours remains limited. While 360-degree imagery and videos offer a visual
representation, the absence of sensory elements such as touch, sound, and physical interaction often diminishes the sense of realism
and engagement. This restricts the potential of virtual tours to replicate real-world experiences effectively, particularly in fields like
tourism, real estate, and education.

Another concern is the accessibility of content for individuals with disabilities. Many virtual tours lack features such as audio
descriptions, subtitles, or adaptive navigation tools, making them inaccessible to people with visual, auditory, or motor impairments.
This undermines the inclusivity that virtual tour technologies aim to achieve.

Additionally, privacy and data security concerns associated with the use of virtual tour platforms have emerged as critical issues.
The collection of user data for analytics and customization raises questions about the safety and ethical handling of sensitive
information, deterring potential users from engaging with these platforms.

Finally, the adoption of virtual tours in sectors like tourism, education, and real estate has yet to fully integrate advanced
technologies like augmented reality and artificial intelligence. This gap limits the capacity of virtual tours to deliver personalized,
engaging, and interactive experiences tailored to individual needs and preferences.

V. PROPOSED METHODOLOGY
The proposed system architecture, as depicted in the figure, outlines the client-server interaction for creating and managing 360°
virtual tours. This methodology leverages web-based technologies to provide a seamless user experience. The process is divided into
client-side and server-side functionalities.

Client Side

Upload Scene

. ——> Create Vittual Tours ————>
. Images

——————> AddHotspots —

Sceneld with link

o8

: : g%
i: . BE l

B
UserE (.;b

plaueas o) ejep jodsioy ppy

Add Tour Data

Tour Name, Scenelds,
and hotspot data

Render
- \Virtual Tours

: (QebGL. Server Side

AL > View Virtual Tours

Figure2: Architecture of virtual tour model

1) Client-Side Processes

1) Create Virtual Tours: The process begins with the user accessing the platform and choosing to create a new virtual tour. The
user provides the required information, such as the tour's name and description, which are essential for identifying the tour.

2) Upload Scene Images: Users upload panoramic images (scenes) that serve as the building blocks of the virtual tour. The system
facilitates secure uploading, ensuring the integrity of the images during transmission to the server.

3) Add Hotspots: Users can define interactive hotspots on the uploaded scenes. Hotspots are interactive points on the image that
provide functionalities like navigating to another scene, displaying additional information, or embedding media (e.g., text, links,
or videos).

4) View Virtual Tours: After configuring the scenes and hotspots, users can view their virtual tours. This visualization leverages
WebGL, enabling the user to experience a fully rendered, immersive 360° tour.
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C. Server-Side Architecture

1) Data Storage and Retrieval: MongoDB stores all virtual tour data: scene images (stored externally with paths in the database),
metadata (names, descriptions, etc.), and detailed hotspot information (coordinates, actions, navigation) for each scene.

2) Linking and Processing: The uploaded scene images are processed and linked based on their respective scenelds and associated
hotspot data. This ensures that the navigation between scenes is seamless and the virtual tour behaves as intended.

3) Rendering and Delivery: The server processes requests for virtual tours by fetching the corresponding scene images and
metadata from the database. It then delivers the data to the client, where WebGL dynamically renders the virtual tour.

V. RESULT

In our research work, we successfully developed and implemented an interactive virtual tour platform that meets the objectives
outlined in the proposed methodology. The platform enables users to upload 360° panoramic images, which are processed and
stored with unique identifiers (scenelds) for linking and navigation. Users can configure interactive hotspots within these scenes to
provide additional multimedia content or navigation to other locations. The front-end, built with React.js, offers a user-friendly
interface, while the rendering engine powered by WebGL ensures smooth, real-time visualization of the virtual tours. This setup
provides a highly engaging and immersive experience for users, replicating the feel of physically exploring the location.

The system was rigorously tested across various devices, including desktops, mobile phones, and VR headsets, demonstrating
consistent performance and cross-platform accessibility. The backend, built using Node.js and MongoDB, efficiently handled data
storage and retrieval, supporting scalability for multiple concurrent users. Use cases such as virtual tours of university campuses,
real estate properties, and museums validated the platform’s practicality. The ability to create dynamic, interactive tours with
clickable hotspots and multimedia integration highlights the system’s potential to bridge the gap between physical and virtual
experiences. Screenshots of created tours further illustrate the platform’s effectiveness in delivering engaging, immersive
experiences.
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Figure3: Snépshot of proposed solution

VI. CONCLUDING REMARKS

Virtual tourism has emerged as a transformative tool, redefining how individuals experience and engage with locations remotely.
Especially during global crises like the pandemic, it has proven to be an invaluable alternative, offering immersive, cost-effective,
and time-saving solutions. Leveraging advanced technologies like Virtual Reality (VR), virtual tours bring life-like experiences to
users, providing access to monuments, museums, remote destinations, and even historical or non-existent sites. Beyond just
replicating traditional tourism, virtual tourism enhances accessibility for individuals with physical limitations and creates
opportunities for unique, adventurous, and educational explorations.

Our project contributes to this growing domain by introducing an interactive platform for creating customized 360° virtual tours. By
combining robust back-end support with scalable front-end technologies, we successfully developed a system that caters to a wide
range of use cases, including real estate, cultural heritage, education, and tourism. The interactive features, such as multimedia
integration and hotspots, make the experience more engaging and informative. While virtual tourism cannot entirely replace
physical visits, it offers an unparalleled alternative for global audiences, democratizing access to places once deemed inaccessible.
This project underscores the immense potential of virtual tourism in shaping the future of travel, education, and cultural
preservation, setting a strong foundation for further advancements in this field.
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