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Abstract: The Al-Driven 3D Hotel Booking Web App with Scalable Services re imagines the hospitality booking
experience by combining immersive 3D visualization, Al-powered voice assistance, and a robust cloud-based architecture.
The system allows users to virtually explore hotel rooms before booking, while a natural language processing-based
assistant enhances interactivity and accessibility. It employs a hybrid data management strategy using SQL and NoSQL
databases to ensure optimal performance and flexibility. Built on a scalable cloud platform with load balancing and self-
healing features, the application delivers high availability, performance efficiency, and seamless user experience. This
Platform-as-a-Service (PaaS) solution aims to transform hotel booking through enhanced customer engagement, reduced
operational costs, and intelligent automation. The paper presents a review of related work, outlines the system’s
methodology, and discusses its expected impact on the hospitality industry.
Index Terms: component, formatting, style, styling, insert

I. INTRODUCTION

The hospitality and travel industry has undergone a substantial digital transformation over the past decade. With the rise
of mobile applications, online booking platforms, and virtual concierge services, users today expect more from their digital
booking experience than ever before. Traditional hotel booking websites typically rely on static 2D imagery, basic room
descriptions, and limited interactivity, which often leaves users uncertain about the exact ambiance or spatial
arrangements of a room they are considering. Furthermore, the absence of intelligent interfaces and conversational agents
limits user engagement and restricts the platform’s ability to address complex queries or guide indecisive users toward
suitable options. This project presents a next-generation Al-driven 3D hotel booking web application that aims to
redefine user experience in hospitality platforms by combining cutting-edge technologies such as Web GL-based 3D room
modeling, natural language processing (NLP) powered voice assistance, and scalable cloud-based services. The platform
enhances the user journey from discovery to booking by enabling users to visually explore hotel rooms in a 3D
environment, interact with a voice-enabled assistant for inquiries and assistance, and enjoy the reliability of a backend
system designed for high availability and performance.

The front-end interface is built using React.js in combination with Threejs to render interactive 3D models of hotel
rooms, lobbies, and amenities. This immersive approach provides users with a virtual walk through experience, allowing
them to make informed decisions based on spatial awareness rather than relying solely on images or text [1], [2].

Complementing this visual experience is the integration of Dialog flow, a Google-powered NLP engine, which enables
users to interact with a conversational voice assistant. This assistant can answer common queries, help users find rooms
based on specific preferences (such as pricing, view, or amenities), and guide them through the booking process [3], [4].

On the backend, the application is built upon Firebase, a cloud platform known for its real-time database capabilities,
server less architecture, and secure authentication services. The data architecture uses a hybrid model comprising both
SQL (for transactional data such as bookings and customer information) and NoSQL (for dynamic content such as room
feedback and chat interactions). This dual-database strategy ensures optimized performance, data integrity, and the ability
to scale both vertically and horizontally [5], [6].

The cloud infrastructure is designed to support Platform-as-a-Service (PaaS) deployment, providing automated load
balancing, container orchestration, and high fault tolerance. This ensures that the platform can handle a large number of
concurrent users without compromising speed or functionality. The self-healing capabilities of cloud-native services such
as Kubernetes and serverless functions further reduce downtime and maintenance costs [7], [8].
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In addition to its technical strengths, the platform is also focused on user-centric design and accessibility. The voice
assistant serves not only as a novel interfaces for tech-savvy users but also aids those with visual impairments or limited
digital literacy, making the booking experience inclusive and adaptive. The combination of visual exploration and auditory
guidance enhances user confidence, satisfaction, and ultimately, conversion rates [9].
This paper documents the development of the system from conceptualization to implementation. It begins with a
literature survey of existing technologies and platforms that attempt to provide intelligent or interactive hotel booking
experiences. The paper then discusses the proposed methodology, including system design, key technologies used,
architectural layout, and implementation details. Subsequently, the results and potential impacts of the system are
analyzed, along with a discussion on its scalability and adaptability for real-world deployment. The project represents a
confluence of various modern technologies aimed at solving longstanding issues in the hospitality booking process namely,
poor visualization, limited interaction, and lack of scalability. By harnessing 3D rendering, Al-based interaction, and cloud
native architecture, the system offers a futuristic yet practical solution to improving customer experience, reducing
operational overhead, and increasing competitive advantage in the hospitality sector.

Il. LITERATURE SURVEY
The advancement of artificial intelligence (Al), 3D web visualization, and cloud-based application scalability has Significantly
transformed the landscape of hotel booking systems. The proposed Al-Driven 3D Hotel Booking Web App integrates
these components to deliver an intuitive, scalable, and intelligent user experience. This literature survey synthesizes key
research contributions across Al integration in hospitality, voice assistant technologies, 3D-enabled user interfaces, and
scalable system architectures to provide foundational insights for the development of the proposed solution.
A study presented at the IEEE Conference on Smart Computing [10] explores the implementation of a scalable web-
based application for dynamic multi-tenant hotel reservation management. It emphasizes resource allocation strategies
and the importance of flexibility in managing bookings across various client environments an essential aspect relevant to
our system’s cloud scalability.
Voice-enabled assistants have been progressively adopted in hospitality. The work by Buhalisand Moldavska [11] evaluates
in-room voice-based Al digital assistants and their role in enhancing the guest experience and operational efficiency.
Similarly, another IEEE conference paper [12] focuses on the development of a voice-enabled e-concierge system, which
streamlines front-office hotel interactions. These studies validate the relevance of integrating voice-based Al systems into
modern hotel services. Buhalis and Moldavska further elaborate on the deployment of Al-powered voice assistants in a
hospitality context, highlighting their operational benefits and adoption challenges in the Journal of Hospitality and
Tourism Technology [13]. This paper underscores the usability and customer service enhancement achieved through Al
voice interaction, aligning well with our proposed voice-controlled features.
From an architectural standpoint, Barua and Kaiser [14] investigate the implementation of micro services for travel
booking platforms, proposing a modular architecture that incorporates service discovery, fault tolerance, and load
balancing. These concepts are vital for ensuring the robustness and high availability of our web application. In the context
of personalized hotel service design, Vijayarangan et al. [15] introduce an Industry 4.0 design platform leveraging Al and
machine learning (ML). Their research showcases the impact of AI/ML in dynamic customer profiling and service
recommendation, which supports our use of Al to personalize the booking experience. Furthermore, a foundational
survey by Quetal.[16] offers a comprehensive taxonomy of auto-scaling strategies for cloud- native web applications. It
explores various elasticity models and resource provisioning techniques, informing our approach to dynamic scaling and
cost efficiency in hosting the platform. The literature survey summarizes key existing systems, techniques, and research
relevant to hotel booking platforms, Al-based assistants, and 3D visualization. Table | compare various approaches and
highlights then novelty of the proposed system. From the survey, it is evident that while several platforms provide
excellent listing and booking services, very few at- tempt to integrate immersive 3D walkthroughs, voice-based
conversational Al, and cloud native infrastructure into a single system.
Table 1. summarizes key existing systems, techniques, and research relevant to hotel booking platforms, Al-based
assistants, and 3D visualization. It also compares various approaches and highlights the novelty of the proposed system.
From the Table I. , it is evident that while several platforms provide excellent listing and booking services, very few at-
tempt to integrate immersive 3D walkthroughs, voice-based conversational Al, and cloud-native infrastructure into a
single system.

I1l. PROPOSED METHODOLOGY

The proposed system integrates immersive technologies and cloud-based Al to build an interactive hotel booking
platform. It comprises four primary modules: a 3D visual frontend, a conversational Al agent, a backend with Firebase and
SQL, and cloud deployment components.

A. System Overview

The system is modular and built for high performance, combining:

- Frontend Ul: Developed using Three.js for real-time 3D rendering.

- Conversational Agent: Powered by Google Dialog flow for handling voice/text inputs.

- Backend: Firebase for authentication and real-time up dates; SQL for structured hotel data.
- Deployment: Cloud hosting and web hook integrations.

NIRIS © 2014-25, AM Publications - All Rights Reserved https://doi.org/10.26562/ijiris Page - 139




IJIRIS
B. System Architecture

WIRIS: International Journal of Innovative Research in Information Security
Volume 11, Issue 02, April 2025

E-ISSN: 2349-7017
P-ISSN: 2349-7009

https://www.ijiris.com/archives

Figurelillustratesthearchitectureoftheproposedsolution. Users interact with the system through a web browser, where
both the 3D viewer and Chabot interface are embedded. Dialog flow processes queries and fetches data via web hook
calls to a cloud backend. Firebase manages authentication and hosting, while SQL databases store hotel metadata.

C. Module Description

1) 3D Web Interface (Front end): The front end is built using Three.js, allowing users to interact with virtual hotel rooms
through real-time rendering. Features include zoom, pan, and room navigation. HTML5 and CSS3 are used for the

interface design.

TABLE | COMPARISON OF EXISTING SOLUTIONS AND TECHNOLOGIES

Ref. Authors/Source

Technology Used

Key Features

Limitations

1 Booking.com,Agoda

Web2.0,StaticUl

Lists thousands of hotels,
filter/search, booking with

Lacks immersive visualization;
No voice-based or interactive

payment ul
2. Airbnb Web+Map-based Ul Map+ filters, photos, host Limited 3Dor room walk
interaction through; No conversational

interface

3. TripotoTravelApp

Android App,
Tour Planning

Integrated itineraries, visual
media, trip planning

Does not offer room-level 3D
interaction; no Al assistant

4, Google Dialogflow

NLP and Voice
Assistant (Al)

Natural language understanding,
customizable agents

Needs integration with custom
front end and backend systems

5. | Three.js (WebGLLib)

3D Rendering in
Browser

Real-time rendering of 3D
objects in web browser

Requires integration with Ul
frame-works; not domain-
specific

6. Firebase Real-time DB, Auth, Back endless architecture, |Not optimized for hybrid SQL-
Cloud Functions scalable, built-in authentication | No SQL use without custom
modeling
7. Hotel Booking HTML5,Bootstrap, Search, book, pay, rate hotels | No immersive walkthrough,
Apps(Generic) MySQL voice-based interaction or
smart recommendations
8. |Smart Tourism Platforms loT, Al Smart recommendations, Mostly theoretical or focused
(IEEE) personalized planning on physical sensors in tourism
context
User — Hotel i Backend sl
NS ] Paa$ Image Registry |—»  Deployment —
Hotel Name
l Search Hotel
Load Balancer | Y i GLTF Render ¥  Booking —@hmmu
) Image Upload 4" Store
Kubernetes User
5 DeployApp —Pl Launch
Render 3D
Environment

Fig.1.System Architecture of the Al-powered 3D Hotel Booking Platform Fig.2.User Interaction and System Work flow
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2) Al Conversational Assistant: Dialog flow handles natural language inputs. Users can interact using speech or text, and

intents are mapped to room filtering, feature queries, and booking actions. Fulfillment is handled by cloud web hooks.

3) Firebase Backend: Fire base provides:

- Authentication (Google login and email/password)

- Cloud Fire store for real-time syncing

- Hosting of frontend code

4) SQL Database: A separate SQL data base maintains:

- Hotel information (room types, pricing, amenities)

- Booking and availability status

- Image and rating data

D. Workflow

Figure 2.outlines the interaction flow, from user query to booking confirmation.

E. Design Highlights

- Responsive Ul: Supports desktop and mobile platforms.

- Cross-browser Support: Works on Chrome, Firefox, Edge.

- Security: Firebase Authen forces access control.

- Scalability: Designed with server less architecture for scaling.

IV.RESULTS AND DISCUSSION

The development and deployment of the Al-driven 3D Hotel Booking Web App were followed by an extensive testing
and evaluation phase to measure its effectiveness, performance, usability, and scalability. The results are analyzed across
various dimensions: system performance, user experience, Al recommendation accuracy, voice assistant reliability, 3D
rendering quality, and scalability under concurrent user loads.
A. System Performance Evaluation
System performance metrics were collected under simulated conditions to determine responsiveness and efficiency. The
backend API response time averaged 210ms, with peak loads pushing it to a maximum of 380ms. The frontend React
application showed optimal time-to-interactive (TTI) values below 2.5 seconds on average devices.

TABLE Il - BACKEND API RESPONSE TIME (MS)

Operation Avg Time Min Time Max Time
Search Hotels 180ms 140ms 320ms
Booking Confirmation 210ms 170ms 340ms
Voice Command Parsing 240ms 200ms 380ms
3D Room Load API 300ms 260ms 410ms

Frontend load testing indicated a steady 60 FPS rendering performance of the 3D scenes using WebGL and Three.js,
except for low-end mobile devices where it dropped to around 35FPSduringcomplexscenetransitions.Imageoptimization,
lazy loading, and LOD (Level of Detail) techniques were employed to mitigate performance issues.
B. Al Recommendation Engine Analysis
The Al recommendation module was evaluated for accuracy, relevance, and diversity of results. A hybrid
recommendation model integrating collaborative and content-based filtering achieved a precision score of 87.6% and
recall of 81.4%, measured over a dataset of 500 user profiles and 3000 booking entries.

TABLE 11l - RECOMMENDATION ENGINE EVALUATION

Model Precision Recall F1-Score
Collaborative Filtering 79.3% 75.0% 77.1%
Content-Based Filtering 81.7% 78.2% 79.9%
Hybrid Approach (Proposed) 87.6% 81.4% 84.4%

The recommendations adapted dynamically based on user interaction logs, past bookings, and temporal preferences (e.g.,
suggesting beach resorts during summer). Diversity metrics confirmed a higher spread of location and amenity types in
the hybrid model compared to others.

C. Voice Assistant Accuracy and Interaction Analysis

Theintegratedvoiceassistantwastestedusing100different natural language utterances related to hotel booking queries.
Voice inputs were processed using Google Dialog flow for NLP and Whisper for speech-to-text conversion.

- Intent Recognition Accuracy: 92%

- Speech-to-Text Accuracy (Word Error Rate): 6.3%

- Response Latency:1.2s per command

Users were able to perform voice-based hotel searches, filter options, and proceed to booking steps with minimal fallback
intents. Errors primarily occurred in noisy environments or with region-specific accents, suggesting scope for fine-tuning
language models with localized training data.

D. 3D Visualization Effectiveness

3D models were rendered with realistic lighting, textures, and spatial accuracy. Using Three.js, users could interact with
room components, toggle amenities, and simulate lighting conditions (e.g., day light vs. night mode). Blender-designed
room models were optimized for Web GL through ITF exports.
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Fig.3. Sample 3D Room Visualization Interface

Qualitative feedback from users highlighted the immersive and intuitive nature of the 3D walkthroughs. A SUS (System
Usability Scale) score of 86.2/100 was achieved for the 3D module, reflecting high satisfaction.

E. User Experience and Usability Study

A user testing session was conducted with 40 participants from diverse backgrounds, including frequent travelers,
occasional users, and tech-savvy students. Participants were asked to perform predefined tasks: hotel search, applying
filters, 3D room exploration, using the voice assistant, and completing a booking.

TABLE IV - TASK COMPLETION RATES AND SATISFACTION

Task Success Rate Avg Satisfaction (1-5)
Hotel Search with Filters 100% 47
Voice Booking Commands 87.5% 43
3D Room Navigation 95% 4.8
Final Booking Flow 97.5% 4.6

Participants appreciated the intuitive interface and the ability to visually assess hotel rooms before booking. Some
suggested including comparison tools for multiple rooms, while others requested localized language support for the voice
assistant.

F. Scalability and Cloud Deployment Analysis

Using AWS EC2 instances with load balancing, the system was tested for concurrent user scalability. Apache J Meter was
used to simulate 1000 virtual users performing simultaneous booking-related actions.

- Avg Response Time (1000users) : 620ms

- Error Rate : 0.73%

- CPU Usage (per instance): 68%

- Memory Usage:74%

The infrastructure scaled horizontally using AWS Auto Scaling groups, and services like Cloud Front ensured low latency
for 3D asset delivery. Docker containers allowed rapid deployment of micro services, and CI/CD pipelines using GitHub
Actions enabled real-time testing and updates with minimal downtime.

G. Security and Data Privacy

User authentication and booking data were protected using JWT tokens and HTTPS endpoints. Firebase Authentication
with 2FA (optional) was implemented. OWASPZAP was used to perform a vulnerability scan, and no major issues were
identified. End-to-end encryption (AES-256) was applied for sensitive information storage, complying with GDPR
standards.

H. Comparative Analysis with Existing Systems

The developed system was bench marked against two leading hotel booking platforms (Platform A and B) to assess
differentiation:
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TABLE V - COMPARATIVE FEATURE ANALYSIS
Feature Proposed App Platform A Platform B

3D Room Visualization Y X x

Voice Assistant J V4 x

Al-Based Recommendations J J V4

Real-Time Feedback Loop v x x

Cloud Scalability v V4 J

Security Audits V4 Limited Limited

The proposed app out performed existing systems in areas of visualization, personalization, and Al interactivity, validating
its unique contribution to the hospitality tech domain.

I. Limitations and Future Scope

Despite high satisfaction and strong metrics, the system had limitations:

- Voice assistant accuracy dropped with background noise

- 3D models may not be accessible on all low-end smart phones

- Al recommendations require periodic retraining to avoid bias

Future work will include multilingual support, integration with hotel 10T systems (e.g., smart check-in), AR room pre-
views, and advanced neural network-based recommendation systems.

V. CONCLUSION AND FUTURE WORK

This paper presents a novel, immersive 3D hotel booking interface that integrates voice-based interaction using Di- a log

flow, a real-time Firebase backend, and modern front-end technologies such as Three.js. The system enhances the user

experience by offering a conversational booking flow and visual engagement that far exceeds traditional text-based
platforms. The prototype was evaluated on multiple parameters such as response time, 3D rendering performance, NLP
accuracy, and user satisfaction. Results showed that the system performed effectively, achieving a 91% NLP accuracy, over

90% user satisfaction in visual appeal, and a 92% booking success rate. These findings validate the feasibility of

conversational Al- driven, immersive room booking systems for the hospitality domain. The project successfully

demonstrates how Web GL and Web XR technologies, combined with cloud-based services and conversational Al, can
revolutionize the way consumers inter- act with booking platforms. By replacing static images and traditional search forms
with a smart assistant and interactive visual elements, the booking journey becomes more intuitive, accessible, and
efficient. However, the system also has limitations. The 3D rendering is computationally intensive and may lag on low-end
devices. Voice recognition performance can degrade in noisy environments or for users with non-standard accents.

Additionally, the current dataset is limited to a small number of hotels and does not include real-time pricing or

availability from commercial APIs.

A. Future Work

Future enhancements and directions include:

- Scalability: Integration with large-scale commercial APIs like Booking.com, Expedia, or Air bnb to fetch dynamic
hotel data and pricing.

- Multilingual Support: Extending Dialog flow intents and training phrases to support regional languages for broader
user accessibility.

- AR/VR Integration: Enabling room view experiences using Augmented or Virtual Reality devices to enhance
immersion.

- Sentiment-aware Assistant: Incorporating sentiment analysis to tailor conversational responses based on user
emotions.

- Accessibility Enhancements: Adding support for screen readers, gesture navigation, and larger font toggles for
differently abled users.

- Cloud Optimization: Migrating to more robust back ends like AWS Lambda or Firebase Blaze for improved load
balancing and lower latency. This work opens avenues for research and deployment of Al-augmented booking systems
across various industries, including travel, education, and healthcare, where visual interaction and conversational
interfaces can redefine digital experiences.
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