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Abstract

The tourism industry faces challenges in providing seamless, personalized, and accessible experiences
for travellers exploring heritage sites in our generation. T-Dex is an innovative Android mobile
application designed to enhance heritage tourism by leveraging Bluetooth Low Energy (BLE)
technology, artificial intelligence (Al)-driven chatbot with voice chat with multiple language translation,
and offline accessibility for navigation and artifacts information. This paper presents the design,
implementation, and evaluation of T-Dex, a user-centric platform that enables tourists to discover, plan,
and track visits to historical landmarks. The system integrates location-based services, BLE-triggered
content delivery, and a modular architecture to ensure scalability and reliability. Through extensive
testing and user feedback, T-Dex demonstrates significant improvements in user engagement, itinerary
planning, and cultural exploration, particularly in network-constrained environments. The platform’s
contributions include enhanced accessibility, personalized travel experiences, and the promotion of
lesser-known heritage sites, setting a new standard for smart tourism applications.

Keywords: Heritage tourism, Bluetooth Low Energy, Artificial Intelligence, Mobile application,
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1. Introduction

The exploration of tourism, especially heritage tourism, acts as a conduit for cultural share, economic
development, and individual development. Visitors touring historical sites often have to deal with issues
like poorly organized itinerary planning, limited access to current information, and difficulty logging the
places they have visited. More often than not, current tourist applications cater to general travel needs
such as transport and accommaodation at the expense of specific needs of heritage tourism. That disparity
underlines the need for a specialized platform that will enhance easy exploration, organization, and
documentation of visits to heritage sites situated.

T-Dex is presented, an Android-native mobile application that intends to address the above problems
with an all-encompassing and easy-to-use solution for heritage tourism. The platform uses BLE for
offline delivery of content, Al insights for personalized site recommendations, along with a modular
approach to future extensibility. With features such as location-based site exploration, Wishlist creation,
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and visit history tracking, T-Dex enhances the tourist experience in such a way that cultural discovery
becomes increasingly systematic, engaging, and all-encompassing.

This paper presents a detailed description of T-Dex, starting from its system architecture, through the
development process, to evaluation of its performance. Section Il reviews related works dealing with
digital solutions for tourism. Section Il describes methodology, gathering of requirements, and
development strategy. Section IV describes architectural design and technological infrastructure of
system. Core modules implementation is discussed in Section V. Results and evaluation metrics are
presented in Section VI, followed by discussion in Section VII. Section VIII summarizes issues and
directions for the future.

2. Literature Review

The onset of digital tourism has brought about the advent of different mobile applications intended for
travel enhancement. Some general platforms like TripAdvisor and Google Maps do offer reviews and
navigation support [3] but do not provide the specialized tools required for heritage tourism that provide
an in-depth historical account or work offline in remote areas [4]. Niche applications, such as the
UNESCO World Heritage app, center their attention on sites recognized worldwide but often neglect
local, lesser-known sites [5].

Recent advances in location-based technologies and artificial intelligence have opened the door to
making even more personalized travel choices. For instance, the Visit A City application employs Al to
develop itineraries on user interest [6]; however, they generally provide little or no offline support,
which greatly hampers their usefulness in places where connectivity is weak. Thus, here comes BLE
technology, trending with offline content delivery in areas like museums and retail spaces [7]; but its use
in heritage tourism is mainly unexplored.

This is where T-Dex comes in, bringing the mix of BLE, Al, and a mobile-friendly interface to fulfill the
particular needs of heritage tourists. T-Dex, with its offline access to site information, personalized
recommendation features, and seamless user experience, is likely really a distinguishing contribution
that sets it away from other platforms and establishes it in the context of smart tourism.

3. Methodology

The first step in the creation of T-Dex was needed analysis and requirement gathering to understand the
particular needs of tourists, local guides, and current tourist authorities. Primarily, the application aims
to allow most users to discover historical sites that are nearer to them, find a more detailed historical
narrative, and navigate using embedded mapping tools; as well as obtain information on sites in areas
lacking internet access and on heritage sites that are quite distant. An important Al-based proposition
was deemed necessary to propose possible sites based on user preferences and current location, as well
as past site visits, and various other functions, including planning future explorations and maintaining a
log of all sites visited, were also planned for development.
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The provisions for different types of users as well as people with physical limitations, keeping stringent
security measures for data protection, were considered. They expected tools for sharing resources,
managing visitor data, enhancing tours, and common interface with multilingual users and mobile
compatibility across user requirements. T-Dex was built using agile methodology, echoing iterative
phases such as design, coding, testing, and refinement. Challenges and expectations were identified
through involvement with travelers and tourism professionals.

Development of wireframes and UI/UX prototypes that outline the application structure and aesthetics;
building the application in Android Studio using native Android components and third-party APIs;
performing unit, integration, and field tests to verify functionality with a focus on BLE performance and
offline access; and preparing the app for release on the Google Play Store with ongoing maintenance
planned for updates and issue resolution were also done through this iterative process. This iterative
approach has also assured that T-Dex adapts itself to the feedback from users as per the progress in
technology, resulting in the creation of a very stable and user-centered product.

4. System Design
4. 1. System Architecture

T-Dex is designed as a layered, modular system to maintain scalability, reliability, and feature
integration. The major components are:

User Interface (Presentation Layer): Designed using Android SDK and Jetpack Compose/XML
Layouts, providing a responsive and interactive experience. It features site browsing, wishlist
management, and settings modification.

Application Layer: Coordinates main logic, such as BLE interactions, Al suggestions, and background
tasks. Android Jetpack Libraries (View Model, Live Data, Work Manager) ensure performance
efficiency.

Data Layer: Coordinates local storage (Room Database) and cloud syncing (Firebase Firestore),
managing user preferences, site information, and visit histories for offline access.

BLE and Offline Handler: Detects BLE beacons at places of heritage, initiating content delivery
independent of internet dependency.

Al Recommendation Engine: Analyzes user behavior and preferences to provide personalized site
recommendations, operational in both online and offline environments.

External APIs: Uses Google Maps for navigation, Google Translate for multi-language support, and
Firebase Authentication for secure user authentication.

4.2. Technology Stack

The technology stack was selected to optimize performance, scalability, and usability:
Presentation Layer: Android SDK, Jetpack Compose/XML, Room Database.

Application Layer: Android Jetpack Libraries, BLE API, ML Kit for Al recommendations.
Data Layer: Room Database (SQL.ite), Firebase Firestore, encrypted shared preferences.
Infrastructure: Google Cloud Platform (GCP), Firebase for hosting and analytics.
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Tools: Android Studio, Git/GitHub for version control, Docker for testing, Firebase App Distribution for
beta releases.
APIs: Google Maps API, Google Translate API, Firebase Authentication API.

4.3. Security and Privacy

T-Dex ensures user data protection by encrypted local storage (SQL Cipher for Room) and secure login
(Firebase Authentication). BLE and location data are locally processed, and user consent is required for
data access to meet privacy regulations.

5. Implementation
T-Dex is divided into five core modules, each for specific functionalities:

e User Management Module:
Functionality: Handles user registration, profile creation, and session management through Firebase
Authentication. Enables login through email/password or Google accounts with variable preferences
such as language and theme.
Technologies: Firebase Authentication, Room Database, Encrypted Shared Preferences.

e Site Discovery and Recommendation Module:
Functionality: Shows surrounding heritage sites based on GPS data and provides Al-based
recommendations through ML Kit. Supports filtering based on distance (e.g., 5km, 10km) or
category.
Technologies: Google Maps API, Location Services, ML Kit.

e BLE Interaction and Offline Access Module:
Functionality: Scans BLE beacons to provide site information (text, images, audio) offline. Content
pre-cached to ensure seamless access.
Technologies: BLE API, Android Bluetooth Manager, Room Database.

e Content Display and Narration Module:
Functionality: Displays site information through interactive cards and text-to-speech voice-over for
accessibility. It is available in several languages via Google Translate API.
Technologies: Android Text-To-Speech API, Jetpack Compose/XML.

e Wishlist and History Module:
Functionality: Allows users to bookmark sites for return visits and keep record of past discoveries
with timestamps. Storing is local and syncing through Firebase Firestore.
Technologies: Room Database, Shared Preferences.

5.1 Development Details

The application was developed in Android Studio, with principal files such as MainActivity.kt having
features like location-based site listing, BLE scanning, and speech recognition. The Ul consists of a
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search bar, city picker, and site overview cards. Background activities (e.g., BLE scanning, syncing
data) are performed by Work Manager to save battery life.

T-HEX

Artifact with
BLE Tag

1 r
BLE Detected Notification on 10 meter Radius
for Artifact app Approach

~ v

Artifact : "
e Artifact Distance
Descrij ption
1 from user
and History

Q D

-

Back

Fig. 1. Workflow of BLE Technology in T-Dex

6. Results and Evaluation

T-Dex passed rigorous testing to guarantee functionality and stability in form of unit testing to check
single components such as BLE detection and Al recommendations, integration testing to ensure
seamless interaction between modules, particularly BLE and location services, and field testing in
heritage contexts to determine BLE accuracy and offline performance with 95% content delivery within
a 10-meter beacon range. User acceptance testing entailed 50 tourists and guides, who collectively gave
usability 4.5/5, citing the simple design and offline capabilities as particularly useful advantages.
Performance measures indicated BLE response time in delivering content in less than 2 seconds from
detecting the beacon, battery usage with BLE scanning taking less than 5% of the battery after 2 hours,
offline support having 100% uptime on cached content under network-constrained conditions, and
recommendation accuracy in Al recommendations being in sync with user tastes 90% of the time. Users
praised T-Dex for its simplicity, offline support, and tailored recommendations, suggesting features such
as augmented reality enhancement and language expansion.
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artistry, and South Indian temple culture.
The inscriptions like the one seen here CANCEL ~ OK
are carved in Tamil-Brahmi script,
which evolved into the Tamil script
used during the Chola dynasty. These
writings are not merely decorative—
they are rich historical records that
provide insights into the governance,
culture, and spirituality of that era.
Most inscriptions at Brihadeeswarar
Temple document donations made
by kings, queens, and citizens to the

7. Conclusion and Future Work

T-Dex represents a major step forward in intelligent tourism, providing a strong, scalable, and easy-to-
use platform for heritage discovery. Through the combination of BLE technology, Al-suggested
itineraries, and modularity, the app targets major issues in trip planning, location discovery, and offline
usage. Experiments and user experience confirm its efficiency in improving journeys and promoting
culture awareness.

Subsequent efforts will center on building BLE beacon networks in the future, creating iOS support, and
introducing AR for augmented experiences. Extended language support and cooperation with destination
tourism boards will increase its worldwide appeal. T-Dex sets a new standard for digital heritage travel,
innovating technology-powered travel solutions.
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