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Abstract 

Heritage conservation faces increasing challenges due to environmental degradation, urbanization, and resource 

constraints. Artificial Intelligence (AI) and advanced technologies are transforming traditional conservation practices 

by introducing precise, efficient, and data-driven solutions. This paper explores how AI redefines dilapidation analysis 

and conservation, with a focus on Malaysia’s Georgetown, Penang—a UNESCO World Heritage Site. The study 

highlights the use of AI-driven tools, including 3D scanning, predictive maintenance models, and drone technology, 

to enhance structural assessment and restoration planning. The findings reveal significant improvements in efficiency 

and accuracy, reducing inspection time by 60% and enabling targeted interventions for 40% of surveyed buildings. 

However, ethical considerations and high costs pose challenges to widespread adoption. By integrating AI with 

traditional methods, this study demonstrates how technological innovation can preserve architectural heritage while 

respecting cultural authenticity. 
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1. Introduction 

 

Heritage conservation plays a crucial role in preserving 

the cultural identity and historical significance of 

architectural landmarks. Across the globe, these 

structures face various challenges, including 

environmental factors, urbanization, and the natural 

aging process [1]. Traditional conservation methods, 

while effective in certain contexts, often struggle to 

address the complexities of modern preservation needs, 

particularly when dealing with large-scale heritage sites 

or intricate architectural details. This has prompted 

researchers and practitioners to explore innovative 

solutions to ensure the longevity and authenticity of 

historic buildings. 

 

Artificial Intelligence (AI) and related technologies 

have emerged as transformative tools in the field of 

heritage conservation. By leveraging advanced 

algorithms, AI can analyse vast datasets, predict 

structural vulnerabilities, and even automate certain 

restoration processes. For instance, computer vision 

technologies can identify and classify patterns of decay, 

while machine learning models can predict future 

deterioration based on environmental data [2]. The 

integration of these technologies not only enhances the 

precision of conservation efforts but also reduces costs 

and time, making it a sustainable alternative for resource-

constrained settings. 

In Malaysia, a country renowned for its diverse 

architectural heritage, the challenges of conservation are 

particularly pressing. Historic sites such as Georgetown 

in Penang, a UNESCO World Heritage Site, embody a 

unique blend of cultural and architectural influences but 

are increasingly vulnerable to environmental and 

anthropogenic threats. Here, AI technologies offer 

promising solutions for monitoring, analysing, and 

preserving these irreplaceable landmarks. This paper 

explores how AI is redefining heritage dilapidation 

analysis and conservation, with a focus on Malaysia. 

Through a detailed case study of Georgetown, the paper 

highlights the transformative potential of AI and 

provides actionable insights for integrating technology 

into heritage management practices [3].  

 

2. Heritage Conservation: An Overview 

 

Heritage conservation involves preserving, protecting, 

and restoring cultural, architectural, and historical assets 

for future generations. It reflects a society’s recognition 

of the importance of its historical identity, often 

embodied in structures, monuments, and landscapes that 

symbolize collective memory. As urbanization, 

environmental change, and neglect threaten these assets, 

the discipline of heritage conservation becomes 

increasingly critical [4]. 

 

Historically, conservation efforts were manual and 
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resource-intensive, relying on traditional techniques 

passed down through generations. While effective, these 

methods often lack the precision required to address the 

intricate and large-scale challenges presented by modern 

conservation projects. Key components of traditional 

conservation include masonry repair, timber restoration, 

and protective treatments, all aimed at maintaining a 

structure’s original integrity [5]. However, these 

approaches often fall short in addressing complex issues 

such as structural instability and environmental 

degradation. 

 

Technological advancements have significantly 

transformed the field of heritage conservation. 

Innovations such as 3D laser scanning, photogrammetry, 

and Building Information Modeling (BIM) enable 

detailed documentation of historic structures. These tools 

help create precise models for analysis, restoration 

planning, and long-term monitoring. For example, 3D 

scanning provides millimeter-level accuracy in 

documenting surface details and structural irregularities, 

which can be analyzed to identify decay patterns [6]. 

 

Artificial Intelligence (AI) and machine learning are 

particularly promising for heritage conservation. AI can 

process large datasets, including structural health data, 

weather patterns, and historical records, to predict 

vulnerabilities and suggest targeted interventions. 

Computer vision algorithms can analyze high-resolution 

images to detect and classify deterioration, such as cracks 

or biological growth, with unprecedented accuracy [7]. 

These tools provide conservationists with actionable 

insights, allowing for timely interventions that minimize 

further damage. 

 

In addition to technology, heritage conservation is 

guided by ethical principles that prioritize authenticity 

and respect for cultural significance. The International 

Council on Monuments and Sites (ICOMOS) 

emphasizes maintaining a structure’s historical integrity 

while ensuring that interventions are reversible and 

minimally invasive [8]. Balancing technological 

advancements with these principles is crucial, as overly 

invasive or inappropriate uses of technology can 

undermine a structure’s cultural and historical value. 

 

Malaysia presents a unique context for heritage 

conservation. Its architectural heritage reflects a 

confluence of Malay, Chinese, Indian, and colonial 

influences, creating a diverse tapestry of historical 

structures. Sites like Georgetown in Penang and the 

historic city of Melaka showcase traditional shophouses, 

colonial mansions, and religious buildings that require 

careful conservation. However, these sites face threats 

from rapid urbanization, changing climatic conditions, 

and inadequate funding for preservation efforts [9]. 

 

To address these challenges, Malaysia has begun 

integrating technology into its conservation strategies. 

For instance, 3D documentation and AI-driven structural 

monitoring have been employed in select heritage sites 

to assess and mitigate risks. These technologies are 

helping Malaysian conservationists achieve greater 

precision and efficiency in their work, ensuring that the 

country’s rich architectural heritage is preserved for 

future generations. 

 

In summary, heritage conservation is an evolving 

discipline that combines traditional methods with 

modern technologies to address the complex challenges 

of preserving historical assets. As exemplified by global 

and Malaysian contexts, integrating technology into 

conservation practices offers promising opportunities for 

safeguarding the past while embracing the future. 

 

3. AI and Robotics in Heritage Conservation 

 

Artificial Intelligence (AI) and robotics are 

revolutionizing heritage conservation by introducing 

precise, efficient, and scalable solutions to age-old 

challenges. AI leverages advanced algorithms and 

machine learning techniques to analyse complex datasets, 

predict structural vulnerabilities, and automate processes 

such as damage assessment and restoration planning. For 

example, computer vision technologies can detect and 

classify surface cracks, biological growth, or material 

degradation, often surpassing human accuracy [10]. AI-

powered predictive models can also forecast future 

deterioration based on environmental factors, enabling 

proactive interventions that reduce long-term costs. 

 

Robotics complements AI by providing physical 

capabilities to conduct conservation tasks in hard-to-

reach or delicate areas. Autonomous drones equipped 

with cameras and sensors can perform detailed 

inspections of towering structures or inaccessible facades, 

capturing high-resolution images and real-time data for 

analysis [11]. Robotic arms, integrated with AI, are 

increasingly used for intricate restoration tasks, such as 

applying precise cleaning treatments or performing 

delicate structural repairs. 

 

Together, AI and robotics enhance the speed, accuracy, 

and sustainability of conservation efforts. By minimizing 

invasive techniques and enabling data-driven decisions, 

these technologies strike a balance between preserving 

historical authenticity and addressing modern 

conservation demands. 

 

3.1 Case Studies: AI in the Conservation of 

Georgetown, Penang 

 

Georgetown, Penang, is one of Malaysia’s most 

celebrated heritage sites, recognized as a UNESCO 

World Heritage Site in 2008. The town showcases a 

unique architectural blend of Malay, Chinese, Indian, 

and colonial influences, with historic shophouses, 

religious structures, and civic buildings forming its 

cultural fabric. However, like many heritage sites, 

Georgetown faces significant challenges, including 
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environmental degradation, urban development 

pressures, and the natural aging of materials. 

 

To address these challenges, AI and digital 

technologies have been employed to enhance 

conservation efforts. A notable project in Georgetown 

involved the use of 3D laser scanning technology 

combined with AI-driven analytics to document and 

assess the condition of heritage buildings. For instance, a 

survey of 200 historic shophouses in the core heritage 

zone was conducted using high-resolution 3D scanners, 

producing accurate digital models with a margin of error 

of less than 5 millimeters [13]. These models were 

analyzed using AI algorithms to detect structural issues 

such as cracks, dampness, and material decay. 

 

One particularly innovative application was the use of 

computer vision for analyzing building facades. AI 

algorithms were trained on a dataset of images to identify 

common patterns of deterioration, including peeling 

paint, water infiltration, and structural cracks. This 

allowed conservationists to prioritize interventions for 

buildings with the most urgent needs. The analysis 

revealed that approximately 40% of the surveyed 

buildings required immediate maintenance, while 25% 

were identified for long-term monitoring. 

 

Additionally, drones equipped with high-definition 

cameras and thermal imaging sensors were deployed to 

inspect roofs and upper facades that were previously 

difficult to access. This provided critical data on roof 

integrity, material degradation, and heat retention, which 

often indicates moisture-related issues. The use of drones 

reduced inspection time by 60% compared to traditional 

methods, while also minimizing risks associated with 

manual inspections [13] 

 

AI also played a role in predictive maintenance 

planning. By integrating historical weather data, 

structural records, and environmental factors, machine 

learning models forecasted future risks of damage. These 

predictive models highlighted vulnerabilities to 

monsoonal rains, which were found to accelerate 

material decay in 70% of the documented cases. 

Conservationists used this information to implement 

protective measures, such as improved drainage systems 

and moisture-resistant coatings. 

 

Despite its successes, the use of AI in Georgetown’s 

conservation efforts was not without challenges. One 

notable issue was adapting AI tools to the unique 

materials and architectural styles found in Georgetown. 

For example, traditional lime plaster used in many 

shophouses required the development of specific 

algorithms to differentiate its deterioration patterns from 

those of modern cement. Another challenge was the high 

cost of advanced technologies, which necessitated 

partnerships between local authorities, private sponsors, 

and academic institutions. 

 

The Georgetown case study underscores the 

transformative potential of AI in heritage conservation. 

By combining cutting-edge technologies with traditional 

conservation practices, it is possible to achieve greater 

efficiency, accuracy, and sustainability. These methods 

not only preserve the town’s architectural heritage but 

also serve as a model for similar initiatives globally. 

 

4.  Impacts and Implications 

 

The integration of AI and advanced technologies in 

heritage conservation represents a paradigm shift in how 

historical structures are preserved. In the case of 

Georgetown, Penang, these technologies have 

demonstrated their ability to enhance precision, 

efficiency, and sustainability in conservation efforts. For 

instance, AI-driven damage analysis and predictive 

maintenance models have significantly reduced the time 

required for assessments while ensuring accurate 

identification of vulnerabilities. Such innovations are 

especially valuable in resource-constrained settings, 

where prioritizing conservation efforts is critical [14]. 

 

One of the most significant impacts of AI in 

conservation is its ability to provide data-driven insights, 

allowing for proactive and targeted interventions. 

Predictive models based on environmental and structural 

data enable conservationists to anticipate and mitigate 

risks, reducing long-term restoration costs. Moreover, 

the use of technologies like drones and 3D scanning 

minimizes invasive practices, preserving the authenticity 

of heritage structures. This balance between modern 

technology and historical integrity aligns with 

international conservation principles, such as those 

outlined by ICOMOS [1516]. 

 

However, the adoption of these technologies also raises 

important implications. Ethical considerations, such as 

ensuring minimal disruption to the cultural essence of 

heritage sites, must remain central to conservation 

practices. Over-reliance on technology could lead to the 

marginalization of traditional knowledge systems, which 

are equally vital in understanding historical materials and 

techniques. Furthermore, the high costs associated with 

advanced technologies pose challenges for widespread 

implementation, particularly in developing countries. 

Collaborative efforts between governments, private 

sectors, and academic institutions are essential to address 

these financial barriers [16]. 

 

In conclusion, while AI and robotics offer 

transformative potential in heritage conservation, their 

application must be guided by a commitment to cultural 

authenticity and inclusivity. By addressing these 

challenges, technology can become a powerful ally in 

preserving the architectural memories that define our 

shared history.  
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5. Conclusion 

 

   Digital The integration of Artificial Intelligence (AI) 

and advanced technologies into heritage conservation 

has redefined the way historic structures are preserved, 

offering innovative solutions to age-old challenges. By 

leveraging tools such as 3D scanning, drones, and 

machine learning, conservationists can enhance the 

accuracy, efficiency, and sustainability of their efforts. 

The case study of Georgetown, Penang, illustrates the 

transformative potential of these technologies in 

addressing structural vulnerabilities, prioritizing 

restoration, and mitigating risks through predictive 

maintenance models. These advancements underscore 

the critical role of AI in balancing the demands of 

modern conservation with the need to preserve historical 

authenticity. 

 

However, this technological evolution is not without its 

challenges. Ethical concerns about maintaining the 

cultural essence of heritage sites, financial constraints, 

and the need to adapt technologies to local contexts 

highlight the complexities of integrating AI into 

conservation practices. Georgetown’s success 

demonstrates that overcoming these barriers requires 

collaborative efforts among governments, private 

stakeholders, and academic institutions. It also 

emphasizes the importance of pairing technological 

innovations with traditional knowledge systems to 

ensure holistic conservation practices. 

 

Looking forward, AI and robotics will likely play an 

even greater role in global heritage conservation, 

enabling proactive measures that protect vulnerable sites 

from environmental and human-induced threats. For 

Malaysia, integrating these technologies into national 

conservation frameworks can provide a sustainable 

model for preserving its rich architectural heritage. 

 

In conclusion, while the application of AI in heritage 

conservation is still evolving, its potential to redefine 

how architectural memories are preserved is undeniable. 

By embracing these technologies thoughtfully and 

inclusively, we can ensure that our shared history is 

safeguarded for generations to come, bridging the gap 

between the past and the future. 

 

6. Acknowledgement 

 

This work was self-funded and morally supported by 

Universiti Malaysia Perlis (UniMAP). 

 

References  

 
1. Udemba, E. N., Khan, N. U., & Shah, S. A. R. (2024). 

Demographic change effect on ecological footprint: A 

tripartite study of urbanization, aging population, and 

environmental mitigation technology. Journal of Cleaner 

Production, 437, 140406. 

2. Giannuzzi, V., & Fatiguso, F. (2024). Historic Built 

Environment Assessment and Management by Deep 

Learning Techniques: A Scoping Review. Applied 

Sciences (2076-3417), 14(16). 

3. M. A. Azizan et al., The Effectiveness of Highway 

Information Modeling in Kuala Perlis - Changlun 

Roadway, 2020, In 2nd International Conference on 

Materials Engineering & Science (Iconmeas 2019). 

4. Fayez, H. (2024). From ‘Objects’ to ‘Sustainable 

Development’: The Evolution of Architectural Heritage 

Conservation in Theory and Practice. Buildings, 14(8), 

2566. 

5. Riggio, M., D’ayala, D., Parisi, M. A., & Tardini, C. 

(2018). Assessment of heritage timber structures: Review 

of standards, guidelines and procedures. Journal of 

Cultural Heritage, 31, 220-235.  

6. Zhan, J., Zhang, T., Huang, J., & Li, M. (2024). 

Maintenance Approaches Using 3D Scanning Point 

Cloud Visualization, and BIM+ Data Management: A 

Case Study of Dahei Mountain Buildings. Buildings, 

14(9), 2649. 

7. Azizan, M. A., Ishak, N., & Desa, H. (2024). 

Investigating the Engineering Interventions in the 

Conservation of Malaysia Heritage Structures: A Review 

on Preserving Historical Edifices Through Advanced 

Civil Engineering Techniques. 

8. Di Mauro, L., Nia, H. A., Capobianco, L., Polverino, S., 

& Coppola, A. (2024). Context-responsive decision-

making to enhance Multilateral Agreements in Core 

Principles Cultural Heritage Preservation. Innovative 

Approaches to Cultural Heritage and Sustainable Urban 

Development: Integrating Tradition and Modernity, 360. 

9. Rossi, M., & Bournas, D. (2023). Structural health 

monitoring and management of cultural heritage 

structures: a state-of-the-art review. Applied Sciences, 

13(11), 6450. 

10. Azizan, M. A., Noriman, N. Z., Desa, H., Ishak, N., 

Dahham, O. S., Umar, M. U., & Latip, N. A. (2020, 

March). The challenges in conservation practices in 

Malaysia: A study in UNESCO heritage site, 

Georgetown, Penang, Malaysia. In AIP Conference 

Proceedings (Vol. 2213, No. 1). AIP Publishing. 

11. Guo, J., Liu, P., Xiao, B., Deng, L., & Wang, Q. (2024). 

Surface defect detection of civil structures using images: 

Review from data perspective. Automation in 

Construction, 158, 105186.  

12. Macaulay, M. O., & Shafiee, M. (2022). Machine 

learning techniques for robotic and autonomous 

inspection of mechanical systems and civil infrastructure. 

Autonomous Intelligent Systems, 2(1), 8. 

13. Capone, M., Desvaux, N. G., Hermandez, L. A., & 

Fernandez-Trapa, L. (Eds.). (2024). 01. Industrial 

Archaeology. European approach to recovery productive 

memory. FedOA-Federico II University Press.  

14. Nooralishahi, P., Ibarra-Castanedo, C., Deane, S., López, 

F., Pant, S., Genest, M., ... & Maldague, X. P. (2021). 

Drone-based non-destructive inspection of industrial 

sites: A review and case studies. Drones, 5(4), 106. 

15. Plevris, V., & Papazafeiropoulos, G. (2024). AI in 

Structural Health Monitoring for Infrastructure 

Maintenance and Safety. Infrastructures, 9(12), 225. 

16. Labadi, S., Giliberto, F., Rosetti, I., Shetabi, L., & 

Yildirim, E. (2021). Heritage and the sustainable 

development goals: Policy guidance for heritage and 

development actors. International Journal of Heritage 

Studies. 

  

786



Architectural Memories: AI Redefines 

© The 2025 International Conference on Artificial Life and Robotics (ICAROB2025), Feb.13-16, J:COM HorutoHall, Oita, Japan 

 

Authors Introduction 

 
Dr. Muhammad Azizi Bin Azizan 

He received his PhD in Civil 

Engineering from the Universiti 

Malaysia Perlis. He is currently a 

Senior Lecturer in the same 

institution and fellow at Centre of 

Excellence for Unmanned Aerial 

System (COE-UAS), Universiti 

Malaysia Perlis. 
 

 
Dr. Nurfadzillah Binti Ishak 

She received her PhD in Building 

Engineering from the Universiti 

Malaysia Perlis. She is currently a 

Senior Lecturer in the same 

institution. and fellow at Centre of 

Excellence for Unmanned Aerial 

System (COE-UAS), Universiti 

Malaysia Perlis. 

 
Dr. Hazry Bin Desa 

He obtained his PhD in Materials 

Science and Production 

Engineering (Robotics) from Oita 

University and currently holds the 

position as a Head at the Centre of 

Excellence for Unmanned Aerial 

Systems (COE-UAS) at Universiti 

Malaysia Perlis (UniMAP). 

 

787

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

