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Introduction:

1.

Traditional museum experiences often suffer from static content delivery, language
barriers, and low visitor engagement. Conventional audio guides and placards provide
one-size-fits-all information that fails to adapt to individual visitor interests, knowledge
levels, or language preferences. Additionally, museum administrators lack real-time
analytics to understand visitor behaviour and optimize exhibit curation.

The Museum Infotainment System using NFC is a mobile-first Progressive Web
Application (PWA) designed to modernize museum experiences by integrating Near
Field Communication (NFC), Atrtificial Intelligence, and gamified learning. Visitors tap
NFC tags placed at exhibits to instantly access rich, interactive digital content without
requiring any app installation. The platform delivers multilingual support across
English, Spanish, French, and Japanese, catering to a global audience.

An Al-powered virtual curator powered by Google Gemini provides concise, context-
aware responses to visitor queries, simulating interaction with a knowledgeable
museum guide. The system further incorporates interactive quizzes per exhibit and an
innovative Al-based mini-game generator that converts natural language descriptions
into fully playable educational games. An administrative dashboard enables museum
staff to manage exhibits, upload media, and monitor real-time engagement analytics.
The system is built on React with TypeScript, Firebase Firestore, and a scalable
serverless architecture.

Objectives:

1.

Develop an intuitive, mobile-first NFC-enabled interface that allows visitors to instantly
access interactive exhibit content by tapping NFC tags, without any app download.

. Integrate Google Gemini Al to provide a conversational, context-aware virtual curator

experience that answers visitor queries in a personalized and engaging manner.

Implement comprehensive multilingual support (English, Spanish, French, Japanese)
to serve diverse international visitor demographics.

Enable gamified learning through per-exhibit interactive quizzes and an Al-powered
mini-game generator that creates playable educational games from natural language
descriptions.



Build a robust administrative dashboard enabling museum staff to manage exhibits,
upload media securely, and monitor real-time visitor analytics without requiring
technical expertise.

Integrate WebGL-based 3D model viewing and AR capabilities for immersive artifact
exploration.

Architect the system on serverless cloud infrastructure to ensure scalability, cost-
efficiency, and high availability.

Ensure secure media delivery using Backblaze B2 with Cloudflare Worker-generated
signed URLs and sandboxed Al-generated game execution.

Methodology:

1.

4.

The system adopts a Service-Oriented Frontend Architecture with a serverless cloud
backend, organized across four primary layers: Presentation, Service, Cloud Services,
and Security.

NFC tags encoded with exhibit-specific URLs trigger navigation to the React-based
PWA. The DataService fetches exhibit documents from Firebase Firestore, while the
StorageService retrieves media through time-limited signed URLs generated by
Cloudflare Workers for Backblaze B2 storage. Visitor preferences (language and
interest category) are captured on first launch and persist via localStorage.

The GeminiService constructs context-aware prompts enriched with exhibit metadata
and submits them to Google Gemini (gemini-2.5-flash), returning concise responses
under 60 words for mobile readability. The Al Mini-Game Generator follows a
structured pipeline: prompt enrichment with exhibit context, Al-based HTML game
generation, security validation against forbidden patterns (iframe, fetch, eval,
localStorage, etc.), and sandboxed rendering inside isolated iframes.

Analytics events capturing exhibit ID, dwell time, and language preference are logged
to Firestore on component unmount, enabling real-time dashboard visualization for
administrators. The admin panel supports full CRUD operations for exhibits, quiz
builder functionality, game management, and media upload with S3-compatible
storage.

Result and Conclusion:

1.

The Museum Infotainment System using NFC was successfully implemented and
validated across 26 test cases covering unit, integration, end-to-end, performance,
usability, and security testing. All test cases passed, confirming the correctness of
NFC-triggered exhibit retrieval, Al curator responses, quiz scoring, mini-game
generation and security validation, analytics logging, admin CRUD operations,
multilingual content display, and signed URL expiration enforcement.

The platform achieves its primary objectives of transforming passive museum visits
into interactive, personalized educational journeys. The integration of Google Gemini
Al, NFC interaction, gamified learning, 3D/AR visualization, and multilingual support
within a unified PWA represents a significant advancement over existing single-
technology museum systems. The serverless architecture ensures scalability and
cost-effectiveness, while the Neo-Brutalist Ul provides a distinctive and engaging
visitor experience.
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Future Scope:

The future scope of this project includes:

1.

Implementation of Firebase Authentication to replace client-side admin authentication,
supporting role-based access control for multi-staff museum environments.

Integration of Google Speech-to-Text and Text-to-Speech APIs for voice-based Al
curator interactions, improving accessibility for visually impaired visitors.

Development of a machine learning-based personalized exhibit recommendation
engine driven by visitor behaviour analytics.

Extension of the platform to a multi-museum network with a unified content
management system, enabling cultural institutions to share and manage exhibits
collaboratively.

Development of a fully immersive Virtual Reality (VR) museum mode for remote
access, allowing global audiences to experience museum collections without physical
presence.

Integration of blockchain-based artifact provenance tracking for authenticity
verification, and loT environmental sensors for real-time artifact condition monitoring.



