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Abstract—Cultural heritage sites often face challenges such 
as structural deterioration, environmental damage, or limited 
accessibility, making preservation and public engagement dif-
ficult. Emerging digital technologies, particularly Augmented 
Reality (AR), provide innovative ways to experience and interact 
with such monuments. This paper presents an AR-based system 
designed to facilitate interactive heritage exploration through 
digital reconstruction, intelligent narration, and community en-
gagement. 

The proposed framework comprises four key modules: (i) a 
camera-based AR reconstruction module that enables on-site 
visualization of damaged monuments in their original form, (ii) 
a QR code-based module allowing remote users to access and 
explore digital reconstructions, (iii) an AI-driven voice assistant 
that provides historical explanations and answers user queries, 
and (iv) a “Wall of Fame” module for users to contribute and 
view multimedia content related to the heritage site. 

A functional prototype has been implemented using ARCore, 
Unity, Blender, Python, and cloud services. Preliminary user 
evaluations indicate high engagement, smooth AR performance, 
and strong educational value. The research demonstrates the fea-
sibility of a modular AR heritage platform that supports cultural 
preservation, enables remote access, fosters interactive learning, 
and encourages community participation. Future work includes 
multilingual narration, on-site AR alignment enhancements, and 
advanced automated reconstruction techniques. 

Index Terms—Augmented Reality, Cultural Heritage, Mon-
ument Reconstruction, AI Assistant, ChatGPT API, Tourism, 
Education 

 

I. INTRODUCTION 

Historical monuments represent the architectural, cultural, 

and societal achievements of civilizations. They provide in-

sight into the art, engineering, and traditions of past gener-

ations, making them invaluable for education, tourism, and 

cultural identity. Globally, cultural heritage sites face chal-

lenges such as environmental degradation, urbanization, nat-

ural disasters, war, neglect, and limited public access [?], 

[7]. In India alone, over 3,600 monuments are protected 

by the Archaeological Survey of India (ASI), including 40 

UNESCO World Heritage sites such as the Taj Mahal, Ajanta 

and Ellora caves, Hampi, and Konark Sun Temple [?]. Many 

of these sites, however, suffer from structural damage or 

partial destruction, limiting the visitor experience and making 

preservation efforts more complex. 

Traditional preservation methods, including physical 

restoration, museum exhibits, and guided tours, are often 

expensive, time-consuming, and geographically restrictive. 

Millions of people cannot experience distant heritage sites 

due to travel costs or accessibility issues. Furthermore, 

existing documentation methods, such as photographs and 

2D drawings, cannot fully convey the spatial and structural 

complexity of monuments [8]. 

Augmented Reality (AR) provides an innovative solution 

by overlaying digital reconstructions on real-world structures, 

allowing users to visualize monuments as they originally 

appeared without physical restoration. Unlike Virtual Reality 

(VR), which requires full immersion, AR enables interaction 

with both the real and virtual environment, making it suitable 

for on-site tourism, education, and remote heritage explo-

ration [1], [9]. Recent AR applications in cultural heritage 

have focused on either spatial reconstruction [2] or educational 

storytelling [30], but integrated systems combining immer-

sive visualization, AI-driven narration, and user engagement 

remain limited. 

The primary objectives of this study are: 

• To develop a modular AR framework for immersive on-

site monument visualization and remote access. 

• To integrate AI-driven voice narration and interactive 

question-answer capabilities to enhance learning. 

• To allow users to capture AR-enhanced photos and videos 

for personalized engagement. 

• To evaluate the framework for performance, usability, and 

educational impact. 

II. LITERATURE SURVEY 

Recent research in cultural heritage has explored Aug-

mented Reality (AR), digital reconstruction, and theoretical 

frameworks related to tangible and intangible heritage. While 

these studies contribute significantly to preservation and visu-

alization, most focus on isolated dimensions and do not offer 

an integrated, interactive, and accessible system. 

• Gherardini et al. (2018) [1] investigated 3D virtual re-

construction and AR visualization for damaged stone 

sculptures. Using photogrammetry and digital modeling, 

the authors reconstructed missing components of histor-

ical artifacts and enabled mobile AR-based inspection. 

Their work demonstrated the value of AR for restoration 

hypotheses but did not incorporate cultural narration or 

user-driven interactivity. 
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TABLE I 
COMPARATIVE ANALYSIS OF EXISTING AR-BASED CULTURAL HERITAGE SYSTEMS 

 

Reference AR Reconstruc-
tion 

Cultural 
Narration 

Remote Access AI Narration User Personaliza-
tion 

Gherardini et al., 
2018 

Yes No No No No 

Scianna et al., 2019 Yes No No No No 

Rudolff, 2006 No Conceptual No No No 

Fekri, 2020 No No No No No 

Bouchenaki, 2003 No Conceptual No No No 

Harrison, 2012 No No No No No 

Murzyn-Kupisz & 
Działek, 2013 

No No No No No 

Labadi et al., 2021 No No No No No 

Azuma, 1997 Yes (AR Theory) No No No No 

 

• Scianna et al. (2019) [2] developed an AR framework for 

visualizing the historical evolution of an urban square. By 

overlaying reconstructed structures in situ, the system en-

hanced public understanding of architectural transitions. 

However, the approach focused on spatial reconstruction 

and lacked support for personalized storytelling or remote 

access. 

• Rudolff (2006) [3] presented a theoretical topology dis-

tinguishing tangible and intangible heritage. The study 

emphasized how cultural meaning emerges from the inter-

action between physical objects and belief systems. While 

foundational for cultural heritage theory, it offered no 

computational or AR-specific implementation strategies. 

• Fekri (2020) [?] examined tangible heritage in archaeol-

ogy, outlining the importance of accurate documentation 

and reconstruction processes. Although relevant to AR 

applications, the study did not address interactive visual-

ization or mobile deployment. 

• Bouchenaki (2003) [4] discussed the interdependency 

between tangible and intangible heritage, underscoring 

the need to preserve not only monuments but also cultural 

practices attached to them. The work provided valuable 

conceptual context but lacked technological integration. 

• Harrison (2012) [5] provided a comprehensive discussion 

of heritage through critical and sociocultural perspectives. 

However, the work did not explore AR, VR, or digital 

reconstruction techniques. 

• Murzyn-Kupisz and Działek (2013) [6] highlighted the 

role of cultural heritage in building social capital and 

community cohesion. Their findings underscore the im-

portance of public engagement, yet the study does not 

incorporate immersive or digital methods to support such 

engagement. 

• Labadi et al. (2021) [7] analyzed the relationship between 

cultural heritage and sustainable development goals, ad-

vocating for global accessibility and inclusive preserva-

tion strategies. Despite this, the study does not propose 

AR or AI-driven methods to operationalize these princi-

ples. 

• Azuma (1997) [8] provided one of the earliest formal 

definitions of AR, establishing the technological founda-

tions of tracking, registration, and real-time interaction. 

Although fundamental, the early work does not address 

cultural heritage applications or modern mobile AR ca-

pabilities. 

Research Gaps Identified 

1) AR-based Monument Reconstruction: Existing recon-

struction studies primarily emphasize spatial accuracy 

(e.g., Gherardini et al., Scianna et al.) but do not 

integrate cultural narration or interactive educational 

components. 

2) Remote Accessibility: Most AR applications are site-

specific and do not provide global access through QR 

codes or remote AR viewing. 

3) Lack of AI-driven Cultural Narration: Current her-

itage systems rely on static or pre-scripted descriptions 

and do not support conversational, adaptive storytelling. 

4) Limited User Personalization: None of the reviewed 

systems incorporate AR-based media capture (pho-

tos/videos) or user-generated digital memories to en-

hance long-term engagement. 

Our Contribution 

To address these gaps, we propose an integrated four-

module framework consisting of: 

1) AR-based monument reconstruction for immersive visu-

alization 
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2) QR-enabled remote access for global inclusivity 

3) AI-powered dynamic narration for interactive cultural 

storytelling 

4) AR-based media capture for personalization and mem-

ory preservation 

This unified approach bridges technical and experiential 

gaps identified across existing studies and supports scalable 

cultural heritage dissemination. 

 

III. PROPOSED SYSTEM 

 

The proposed system is designed to digitally reconstruct and 

present historical monuments in an engaging and educational 

manner. The primary objective is to enable both on-site 

visitors and remote users to experience monuments in their 

complete form while also gaining historical insights through 

an intelligent AI assistant. The system leverages Augmented 

Reality (AR), Artificial Intelligence (AI), and cloud storage to 

deliver a seamless experience. 

The system is modular, allowing easy expansion to include 

more monuments, languages, and functionalities. The work-

flow begins when a user either scans a monument physically 

or a QR code remotely. The recognition module then identifies 

the monument and retrieves the corresponding 3D model 

from a database. The model is rendered using ARCore and 

Unity, which overlays it on the camera view. To enhance 

the educational aspect, an AI-powered assistant (implemented 

using the ChatGPT API or similar large language model 

services) provides narration, explanations, and answers user 

queries. Additionally, the system allows media capture so users 

can take pictures and videos with reconstructed monuments. 

 

A. System Architecture 

The proposed architecture follows a client–server model: 

1) Input Acquisition: The user scans a monument using 

a mobile camera or scans a QR code remotely. 

2) Recognition and Fetching: The recognition engine 

matches the input to a stored database entry and retrieves 

the corresponding 3D model. 

3) Rendering and Overlay: ARCore and Unity process 

the model and overlay it onto the real-world view. 

4) AI Interaction: The ChatGPT API-based assistant gen-

erates contextual information, narration, and answers to 

user queries. 

5) Media Capture: Users can take photos or record videos 

of the AR environment for personal use. 

6) Storage and Sharing: Firebase is used to store 3D 

models, metadata, and optionally user-captured media. 

 

IV. MODULES 

 

The system consists of four major modules, each serving a 

specific purpose: 

 

 
 

Fig. 1. Proposed System Architecture 
 

 

A. AR Reconstruction On-Site 

This module enables tourists to view monuments in their 

complete form while physically present at the site. The mo-

bile application overlays a reconstructed 3D model onto the 

current, possibly damaged, structure. This feature enhances vi-

sualization and provides an immersive experience by showing 

the monument as it originally appeared. 

B. QR-Based Remote Viewing 

This module allows remote users to explore monuments 

through QR codes. For example, a QR code embedded in 

textbooks, museum pamphlets, or websites can be scanned 

to access an interactive 3D model of a monument. This 

makes cultural heritage accessible for students, researchers, 

and enthusiasts who cannot visit the site in person. 

C. AI Voice Assistant 

This module uses the ChatGPT API (or similar large 

language model APIs) to provide intelligent interaction. The 

assistant narrates the monument’s history, explains architec-

tural details, and responds to user queries. Natural language 

processing ensures that users can interact conversationally, 

making the experience more engaging and educational. 

D. AR Media Capture 

This module allows users to capture photos and videos 

within the AR environment. Users can take selfies with re-

constructed monuments, record guided experiences, and share 

them on social platforms. Unlike standard tourist photography, 

this feature blends both real and reconstructed elements to 

create unique, memorable outputs. 
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V. TOOLS AND TECHNOLOGIES 

The system integrates multiple tools and technologies, each 

selected for its suitability in AR and AI development: 

• ARCore: Provides advanced AR capabilities such as 

motion tracking, environmental understanding, and light 

estimation on Android devices. 

• Unity: A cross-platform game engine used to design and 

implement the AR application interface, user interactions, 

and rendering logic. 

• Blender: Open-source 3D modeling software used to 

create, refine, and optimize digital models of monuments. 

• ChatGPT API (OpenAI): Provides AI-based natural 

language interaction, including narration, question an-

swering, and conversational guidance. 

• Python: Used for back-end AI logic integration, pre-

processing of queries, and managing API calls to the 

ChatGPT service. 

• Firebase: Cloud storage and database platform for stor-

ing 3D models, QR code mappings, metadata, and op-

tional user media. 

 
TABLE II 

TOOLS AND THEIR PURPOSE 
 

Tool Purpose 

ARCore 
Tracking, AR rendering, environment map- 
ping 

Unity 
AR app development, user interface, and 
rendering pipeline 

Blender 3D modeling of monuments 

ChatGPT API 
Conversational AI, narration, and Q&A as- 
sistant 

Python Integration logic, API calls, AI back-end 

Firebase 
Database for models, QR codes, and user 
media 

 

 

 

VI. EXPECTED RESULTS 

The expected outcomes of the system are: 

• Enhanced Tourism: Tourists can view and interact with 

fully reconstructed monuments on-site, improving cul-

tural appreciation. The AR overlay helps visitors visualize 

how the monument originally looked, offering a more 

immersive and informative experience than traditional 

tour guides or signboards. 

• Remote Accessibility: Students and enthusiasts can ex-

plore monuments virtually via QR codes, regardless of 

their physical location. 

• AI-Driven Learning: Users can engage in interactive 

learning through the ChatGPT API assistant, making 

history education more personalized. 

• Memorable Experiences: Tourists can capture unique 

AR-based photos and videos with monuments, enhancing 

engagement and social sharing. 

• Digital Preservation: By storing and reconstructing 

monuments digitally, the system contributes to cultural 

preservation and documentation. 

VII. PRELIMINARY RESULTS AND ONGOING WORK 
 

As the monument recognition and full 3D reconstruction 

module is still under development, the system is currently in a 

functional prototype stage. Therefore, this section presents pre-

liminary findings, module-wise evaluations, and the planned 

experimental setup that will be used for the final analysis. 

 

A. Prototype Status 

The following modules have been successfully developed 

and tested in the current prototype phase: 

• QR-based remote AR viewing 

• AI-based voice narration and real-time question answer-

ing 

• AR media capture for photos and videos 

These components operate smoothly in real time and form 

a stable foundation for the complete system. The monu-

ment recognition and 3D reconstruction module is partially 

implemented; ongoing work focuses on improving model 

accuracy, reducing polygon count for mobile performance, 

and enhancing spatial alignment (scale, rotation, and snap-to-

surface). Additional refinements under development include 

adaptive lighting/texture adjustments, cross-device compati-

bility checks, and basic failover handling when recognition 

is ambiguous. Together, these improvements aim to deliver 

a consistent and responsive AR experience across diverse 

environments and device capabilities. 

 

B. Preliminary Functional Testing 

The current prototype was tested on a mid-range Android 

device (6GB RAM). Early benchmarks were recorded as 

follows: 

 
TABLE III 

PRELIMINARY FUNCTIONAL TESTING RESULTS 
 

Parameter Preliminary Observation 

AR model loading Functional using optimized demo model 

Tracking stability Smooth under natural indoor light 

AI assistant latency 1.5–2.3 seconds using Wi-Fi 

QR scanning response Under 1 second 

 

 

 

 

VIII. PROTOTYPE SCREENSHOTS 
 

To demonstrate the current functionality of the prototype, 

the following screenshots showcase three working components 

of the system: QR-based access to the AR model, the web 

interface that loads the monument data, and the AR placement 

of the reconstructed model in an indoor environment. These 

images represent the basic workflow of the system and confirm 

that the core modules—QR scanning, model retrieval, and AR 

rendering—are functioning correctly at this stage. 
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A. Web Interface After QR Scan 
 

 
Fig. 3. Web interface displayed after scanning the QR code. 

B. AR Monument Placed Indoors 

 
Fig. 4. AR reconstruction of the monument placed indoors. 

IX. FUTURE WORK 

The current system establishes a foundational framework 

for AR-based cultural heritage reconstruction; however, several 

enhancements can significantly expand its capabilities. Future 

work is categorized into near-term, medium-term, and long-

term developments. 

A. Near-Term Enhancements (6–12 Months) 

Future efforts will focus on improving usability, scalability, 

and automation: 

• Multi-User AR Collaboration: Enabling synchronized, 

shared AR sessions so multiple users can interact with 

the same reconstruction in real time. 

• Expanded Monument Repository: Increasing the num-

ber and diversity of reconstructed heritage sites through 

collaborations with museums and cultural institutions. 

• AI-Driven Recognition: Integrating image-based mon-

ument identification for automatic retrieval of historical 

data and 3D models. 

• Offline Accessibility: Implementing low-bandwidth and 

offline modes to support usage in remote or connectivity-

limited environments. 

B. Medium-Term Developments (1–2 Years) 

These developments aim to enhance immersion, historical 

accuracy, and technological robustness: 

• Haptic Feedback Support: Using wearable or device-

based haptics to simulate tactile sensations when inter-

acting with virtual artifacts. 

• Temporal and Seasonal Simulations: Allowing users to 

visualize monuments across different historical periods or 

environmental conditions. 

• VR Platform Integration: Extending the system to VR 

headsets for fully immersive virtual exploration experi-

ences. 

• Blockchain-Based Content Verification: Applying 

blockchain technologies to validate historical data, pre-

vent tampering, and ensure authenticity. 

C. Long-Term Vision (2+ Years) 

Long-term advancements will focus on intelligent automa-

tion, global connectivity, and education-driven innovation: 

• AI-Generated Reconstructions: Developing deep learn-

ing and generative models capable of predicting missing 

architectural elements from partial archaeological evi-

dence. 

• Global Heritage Network: Building a unified, cloud-

based ecosystem that interconnects AR heritage sites 

worldwide with standardized models and metadata. 

• Curriculum-Level Educational Integration: Creating 

structured lesson plans, assessments, and interactive 

learning modules aligned with national and international 

academic standards. 

• Advanced User Interactivity: Allowing users to ma-

nipulate reconstruction hypotheses, simulate architectural 

changes, or explore alternative historical interpretations. 

X. CONCLUSION 

This paper presented an AR-based system for historical 

monument reconstruction, aiming to address the challenges 

of damaged, inaccessible, or partially destroyed heritage. 

The proposed system integrates four key modules: AR-based 

on-site reconstruction, QR code-enabled remote access, AI-

powered voice narration for interactive learning, and AR media 

capture for personalized experiences. 

The major contributions of this work include: 

• Development of a functional prototype that demonstrates 

the feasibility of immersive AR visualization for cultural 

heritage. 

• Enabling remote access to historical monuments via QR 

codes, promoting global inclusivity and educational out-

reach. 
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• Integration of an AI assistant to provide dynamic 

nar-ration and user interaction, enhancing 

engagement and learning. 

• Introduction of media capture features to allow 

users to preserve and share personalized 

experiences with recon-structed monuments. 

Despite these contributions, the system has several 

limita-tions: 

• The 3D reconstruction module is still under 

refinement, limiting the availability of fully 

reconstructed models for all monuments. 

• Recognition accuracy may vary under different 

lighting conditions or with partially obscured 

monuments. 

• AR rendering performance may be affected on 

low-end devices, which could impact user 

experience. 

• The AI narration module currently relies on pre-

trained models and may not provide fully 

contextualized re-sponses for all historical 

queries. 

Future work will focus on completing the 

reconstruction pipeline, improving recognition 

accuracy, optimizing AR ren-dering performance, 

and conducting comprehensive user stud-ies to 

validate educational effectiveness, usability, and 

engage-ment. Expanding the system to include 

additional monuments, languages, and adaptive AI 

storytelling will further enhance its value as a global 

platform for cultural heritage preservation and 

interactive learning. 
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