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ABSTRACT 

This article focuses on the interaction between the Heritage Information Modeling (HBIM) methodology and 

Artificial Intelligence (AI) technology, emphasizing their impact on the design of innovative strategies for 

architectural heritage management. The main objective is to examine how this integration promotes a more 

comprehensive and refined approach to the management of this estate, resulting in more accurate and 

informed decisions. Based on the management concept outlined by the Project Management Body of 

Knowledge PMBOK (2021), based on groups of essential processes for the development of any project - 

planning, execution, monitoring and control, and closure, this study seeks to explore specific applications of 

HBIM in conjunction with various AI techniques, such as machine learning and computer vision. These 

techniques make it possible to detect patterns and recognize objects, respectively.  

Through bibliographic research, case studies are identified that illustrate how this integration manifests itself 

in practical applications. These studies range from the preservation of historical data and information to the 

management of this data throughout the life cycle of structures. These applications support decisions, enable 

predictive maintenance, risk analysis, and simulations. The main objective of this article is to contribute to 

stimulate the development of new technologies and methodologies that drive innovative discoveries and 

applications in the field of architectural heritage. A more sustainable approach to managing this legacy is 

sought, aiming to reduce damage and improve conservation efficiency. Although the importance of the 

application of emerging technologies in wealth management is recognized as a paradigm shift with several 

benefits, it is important to highlight the existence of a scientific knowledge gap in this field, which motivated 

the conception of this article. 
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Management.

 

  

 
1 Post-Doctorate 

Federal University of Sergipe  

E-mail: carlarimkus@academico.ufs.br 

LATTES: https://lattes.cnpq.br/7206887618857384 



 

 
Themes focused on interdisciplinarity and sustainable development worldwide V. 02 

HBIM, AI and PMBOK: Integrated approaches to effective architectural heritage management 

INTRODUCTION 

Architectural heritage management is undergoing a significant transformation with the 

introduction and integration of advanced methodologies and innovative technologies, such as HBIM, 

AI, and the application of Project Management Body of Knowledge (PMBOK) principles. This 

convergence represents not only a breakthrough, but a watershed in the management of this historical 

and cultural legacy 

Preserving, protecting, and promoting the cultural and historical heritage of buildings and 

architectural structures is essential. However, managing these heritage sites presents unique 

challenges due to the ancient construction systems, the diversity of materials, and the different 

construction pathologies present in historic buildings. The need to adapt these structures to new uses 

and specific standards further increases the complexity of this process (ANTONIAZZI, 2015). 

Despite its crucial importance, the management of architectural heritage still lacks adequate 

deepening (JORDAN-PALOMAR et al., 2018), reflected in the scarcity of publications on the 

subject, indicating a vast field to be explored in the knowledge of this area (JORDAN-PALOMAR et 

al., 2018). 

The introduction of artificial intelligence in architectural conservation is gradually paving the 

way for new and promising ways of knowing, protecting and valuing the existing built heritage. In 

this scenario, HBIM has emerged as a crucial methodology in the management of architectural 

heritage due to its unique ability to offer a detailed, comprehensive, and accurate view of historical 

structures (BRUMANA et al., 2018).  

  

Figure 1 – HBIM, AI, and PMBOK integration 

 
Source: The author(2024) 
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Figure 1 illustrates the integration between the HBIM Methodology, AI and the principles 

outlined by the PMBOK representing a comprehensive approach to the preservation and conservation 

of old buildings and structures, taking into account their particularities and specific needs. This 

article seeks to explore how this integration can promote a more effective and sustainable 

management of architectural heritage, presenting the objective of reducing damage and enhancing the 

conservation of these historical treasures. 

 

THEORETICAL BACKGROUND 

HBIM 

HBIM has played a key role in the management of architectural heritage, offering a wide 

range of practical applications that have revolutionized the way these cultural assets are documented, 

maintained, and preserved. One of the key practical applications of HBIM in architectural heritage 

management is the creation of detailed and accurate digital models of historic structures. These three-

dimensional models not only capture the physical characteristics of buildings, but also incorporate 

information about materials, construction methods, construction phases, and changes over time 

(WOODWARD; HEESOM, 2020). This thorough documentation is essential for the proper 

preservation and conservation of heritage, as it provides a solid basis for the management of 

interventions and maintenance (JORDAN-PALOMAR et al., 2018). 

Thus, HBIM allows for a thorough analysis of the current condition of historical structures. 

Integrated analysis tools help identify areas of deterioration, structural hazards, and maintenance 

needs, allowing the implementation of preventive measures for long-term conservation. In addition, 

continuous monitoring through HBIM assists in the early detection of any changes or damages, 

enabling a quick and efficient response (RIMKUS; CUPERSCHMID, 2023). 

The role in the planning of interventions is also highlighted. The models generated by HBIM 

allow you to simulate different scenarios of restoration, renovation or interventions, making it easier 

to visualize the results even before the physical implementation. This helps in making informed 

decisions and choosing the best preservation strategies, minimizing potential risks or adverse impacts 

(SILVA, 2021). 

In this context, HBIM also plays a crucial role in the management of information related to 

architectural heritage. By centralizing detailed data in a digital model, it simplifies the access and 

dissemination of information to various actors involved in the process, such as conservators, 

architects, engineers, government officials, and the public. This significantly improves 

communication and collaboration between stakeholders, facilitating discussions, analysis, and shared 

decisions (COSTA et al., 2021). 
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In addition to technical applications, HBIM is also a powerful tool for educating and 

sensitizing the public about the importance of architectural heritage. It offers the possibility of 

creating immersive and interactive experiences, allowing people to virtually explore historic 

buildings, understand their evolution over time, and value their cultural heritage. This contributes to 

raising awareness about the need for preservation and conservation of these assets.(SIOUNTRI; 

ANAGNOSTOPOULOS, 2023a). 

 

PMBOK 

The Project Management Body of Knowledge (PMBOK) represents a methodology that offers 

widely recognized practices and guidelines for project management. Integrated with architectural 

heritage management, combining Information Modeling for Historic Building (HBIM) and Artificial 

Intelligence (AI), the PMBOK becomes an essential tool for success in the conservation and 

preservation of historic structures ( RIMKUS; CUPERSCHMID, 2023). 

In the Project Initiation phase, the PMBOK assists in defining the scope, objectives and 

requirements of the project for the preservation of architectural heritage (DEINYFFER 

MARANGONI; CESAR ZILLI, 2019). HBIM plays a crucial role in creating detailed digital models 

of historic structures, while AI contributes to data analysis and the identification of patterns essential 

to understanding conservation needs (TOLENTINO, 2016). 

In Project Planning, the PMBOK provides guidelines for structuring and planning activities 

(DEINYFFER MARANGONI; CESAR ZILLI, 2019).  The integration of HBIM and AI enables a 

more accurate analysis of historical data, identifying critical areas that require specific attention 

during preservation, according to PMBOK guidelines. In the Project Execution and Control phase, 

HBIM monitors the progress of conservation activities, providing valuable information for decision-

making (DEINYFFER MARANGONI; CESAR ZILLI, 2019). AI can automate processes, such as 

data analysis and structural problem detection, ensuring more efficient execution, as the PMBOK 

suggests. In the Project Closure phase, the PMBOK guides final processes and documentation 

(DEINYFFER MARANGONI; CESAR ZILLI, 2019). Here, HBIM can record interventions carried 

out, creating a detailed digital history of the preserved structure, while AI contributes to the analysis 

of the results obtained and feedback for future preservations, aligning with the PMBOK's closure 

practices (PMI, 2021) (AL-JABRI, 2017),. 

Fridgeirsson et al. (2023) conducted Qualitative Research on the Impact of Artificial 

Intelligence on Schedules, Costs, and Knowledge Areas in Risk Management, as defined by the 

PMBOK.® They identified these areas as the most susceptible to the effects of AI development. 

Results from this study indicate that AI can have a significant impact on project management by 

automating tasks, optimizing resource allocation, and offering data-driven insights. Potential to 
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improve decision-making, risk analysis, and project forecasting, resulting in increased efficiency, 

cost reduction, and better overall results. AI's ability to analyze historical project data to predict 

future outcomes makes it easier to allocate resources and manage risk. Within the scope of project 

communication and documentation, AI finds application in Natural Language Processing (NLP), 

allowing sentiment analysis and identification of possible problems or conflicts. In addition, AI-

powered chatbots can update on project progress, answer frequently asked questions, and assist staff, 

promoting more effective communication and reducing administrative tasks. It is worth noting that 

chatbots can also play a role in project management education, exemplifying numerous possibilities 

for improving project management through AI (FRIDGEIRSSON et al., 2021). 

Based on this understanding, it can be seen that the integration of PMBOK with HBIM and AI 

offers a holistic and structured approach to architectural heritage management, providing powerful 

tools to ensure effectiveness, accuracy and sustainability in preservation actions, respecting best 

project management practices. 

 

ARTIFICIAL INTELLIGENCE INTEGRATED WITH HBIM 

 AI, a branch of computer science that seeks to replicate human cognitive processes such as 

learning, reasoning, pattern identification, and decision-making, offers comprehensive applications to 

optimize the efficiency and accuracy of architectural heritage interventions is becoming increasingly 

popular (SOUSA et al., 2023).  The integration between Artificial Intelligence (AI) and Information 

Modeling for Historic Building (HBIM) represents an innovative approach to enhance the 

conservation, analysis, and maintenance of historic architectural structures (BIENVENIDO-

HUERTAS et al., 2020). 

For example, when preserving a historic cathedral, the integration of AI and HBIM allows for 

the collection of an extensive database containing structural details, material information, 

maintenance history, records of previous analyses, and even three-dimensional representations of the 

building. Through AI algorithms such as machine learning, HBIM processes this extensive data to 

identify patterns of deterioration over time. This includes analyses of the condition of materials, such 

as stone, wood, or mortar, identifying areas susceptible to deterioration due to climatic conditions or 

specific environmental actions (VAIENTI et al., 2023). Additionally, AI can be trained to recognize 

visual patterns in digital images or three-dimensional models of the structure, identifying cracks, 

surface wear, or variations in texture that indicate structural problems (SIOUNTRI; 

ANAGNOSTOPOULOS, 2023b). 

The integration of AI and HBIM not only identifies problem areas, such as cracks or 

corrosion spots, but also offers insights into the underlying causes of these issues (PALMA, 2019). 
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In the field of architectural heritage management, AI performs essential functions such as data 

analysis and diagnostics, predictive maintenance, data management, and documentation, as well as 

enabling modeling and simulation to predict the outcomes of planned interventions, contributing to 

informed decision-making on the best approaches for restoration or conservation.(CROCE et al., 

2023) 

 

EXAMPLES OF USING AI-INTEGRATED HBIM 

Recent developments in the field of artificial intelligence (AI), and more specifically in the 

field of deep learning (DL), have shown a gradual contribution to the study of the typological 

evolution of buildings, especially those of cultural heritage. An example of this is the research 

conducted by Siountry et al. (2023), which presents a deep learning-based method for classifying 

modern Athenian architecture (since 1830). The method uses the YOLO algorithm, which is capable 

of classifying objects in images and videos with high accuracy and speed. This algorithm is widely 

used in computer vision tasks, such as the classification of buildings in satellite images and the 

automatic analysis of building images, classifying them according to specific characteristics, such as 

architectural style (Siountry et al). 

Deep learning (DL) is a subfield of artificial intelligence and machine learning that employs 

algorithms known as neural networks. To date, DL has been applied in several fields, including 

speech recognition, computer vision, machine translation, among others.  However, due to its 

architecture and the ability to perform procedures almost autonomously, DL can be applied in several 

sectors beyond those initially explored (FIGUEIREDO et al., 2022) 

The opportunities provided by Artificial Intelligence (AI) in the preservation of architectural 

heritage on a global scale are vast and highly impactful. From identifying problems early to 

conducting predictive simulations, this technology is substantially redefining the understanding, 

protection, and conservation of historical and cultural legacies for future generations. 

The convergence between AI and HBIM in the preservation of architectural heritage 

represents a promising advance, evidenced by examples highlighted below that involve the 

preservation of historic structures, creation of detailed digital models, advanced diagnostics, and 

predictive maintenance (Siountry et al., 2023). 

 

PRESERVATION OF HISTORIC STRUCTURES 

Colosseum, Rome (Italy): The preservation of historic structures has found in the combination 

of HBIM and AI a powerful tool for safeguarding notable monuments, such as the Colosseum in 

Rome, Italy. The use of these advanced technologies allowed for a thorough and detailed mapping of 

this impressive structure. The application of Historical Building Information Modeling (HBIM) made 
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it possible to create a highly accurate digital model of the Colosseum, capturing every architectural 

and historical detail. This model serves as a robust data foundation for the implementation of 

Artificial Intelligence (AI). AI, by analyzing the data provided by HBIM, plays a key role in 

identifying areas that are susceptible to wear and tear, structural damage, or degradation. With 

sophisticated algorithms, the AI is able to recognize patterns and anomalies that may not be 

immediately noticeable, allowing for a comprehensive and thorough analysis of the Colosseum's 

condition over time. In addition, AI acts as an ally in the process of guiding restorative interventions. 

By providing valuable insights and grounded in accurate data, this technology assists experts in 

making informed decisions about the best practices and strategies to adopt to preserve and restore the 

Colosseum while maintaining its authenticity and historical integrity. This innovative approach, 

which unites the power of HBIM and AI, represents not only a breakthrough in the preservation of 

the Colosseum, but also demonstrates the potential of these technologies to protect and conserve 

other historical monuments around the world. (GIOVAMPAOLA, 2021). 

 

DETAILED DIGITAL MODEL: 

Peru's Machu Picchu, one of the world's most iconic archaeological sites, is benefiting from 

the innovative combination of HBIM and AI to safeguard its heritage. HBIM plays a crucial role in 

creating a detailed digital model of this ancient Inca city, capturing not only its monumental 

architecture but also the site's complex topography. AI, in turn, is applied to thoroughly analyze this 

data coming from HBIM. This technological junction allows for a continuous analysis of the 

structure of Machu Picchu, enabling the detection of subtle changes in topography or potential 

damage to structures. The AI, armed with advanced algorithms, is able to identify anomalies that may 

indicate gradual erosion of the terrain or structural instability, offering a preemptive view of 

problems that may arise. AI's predictive ability is crucial for anticipating issues related to erosion, 

wear and tear, or potential structural hazards, allowing corrective measures to be implemented before 

problems worsen. This proactive approach is essential for the long-term preservation of Machu 

Picchu, ensuring its protection from damage that could compromise its authenticity and historical 

beauty. In this way, the integration between HBIM and AI not only offers a detailed view of the 

structure, but also plays a key role in the conservation and prevention of damage at one of the most 

iconic and precious sites in world history. This exemplary use of these technologies illustrates how 

the combination of historical knowledge and technological innovation can protect and preserve 

cultural heritage for future generations (LASAPONARA et al., 2022). 
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ADVANCED PROBLEM DIAGNOSIS: 

Petra Ancient City, Jordan: The use of HBIM allows for the creation of detailed and accurate 

digital models of the complex structures in Petra, capturing its unique architecture and the intrinsic 

history of the site. This process provides a solid foundation of data for the implementation of AI, 

which performs advanced analytics. AI, when analyzing the data obtained by HBIM, plays a vital 

role in identifying areas susceptible to deterioration. Using sophisticated algorithms, the AI is able to 

detect patterns of degradation, identify areas with potential structural damage or signs of 

deterioration, and provide a comprehensive view of the current state of Petra's structures. This 

integration between HBIM and AI not only helps in the early identification of problems but also 

plays a crucial role in planning conservation strategies. By providing accurate data and grounded 

insights, this technology supports conservation experts in devising customized preservation plans and 

implementing strategic interventions to protect and maintain the integrity of the ancient city of Petra. 

Thus, the combined application of HBIM with AI in the ancient city of Petra represents a remarkable 

example of how the union between technology and historical knowledge can be fundamental to the 

preservation of an important archaeological site. This innovative approach offers an advanced 

diagnosis of the problems faced by historic structures and establishes valuable guidelines to ensure 

the conservation of this heritage for future generations (GOUSSOUS, 2020). 

 

PREDICTIVE MAINTENANCE: 

Great Wall of China: The convergence of Artificial Intelligence (AI) Systems with Historical 

Building Information Modeling (HBIM) is employed to identify patterns of deterioration, so as to 

predict areas of potential risk along the length of the Great Wall of China, identifying signs of 

degradation, and enabling the implementation of appropriate maintenance measures. This integration 

allows for the anticipation of problems and the proactive implementation of preventive conservation 

measures, ensuring the continued protection of this significant historical structure (ZHANG; ZOU, 

2022). 

 

METHODOLOGY 

This study aimed to examine the impact of the integration between HBIM, IA and PMBOK 

on architectural heritage management. In addition, we sought to analyze the role of this integration in 

the design of innovative strategies for heritage management, to investigate the practical applications 

of HBIM in conjunction with AI techniques, such as Machine Learning and computer vision, and to 

identify and analyze case studies that exemplify the practical application of this integration in real 

scenarios of heritage preservation and management. 
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Figure 1 – Methodology 

 
Source: The author(2024) 

 

Figure 2 illustrates the research methodology that involved a comprehensive Literature 

Review, with a survey and review of specialized literature on HBIM, AI, architectural heritage 

management, historic preservation and project management methodologies (with a focus on the 

PMBOK). Case studies, scientific articles, books, journals, conferences and reports that address the 

integration between HBIM and AI in wealth management were identified and analyzed, using 

databases such as Web of Science and Google Scholar. 

The research also included the identification of relevant case studies illustrating the 

integration of HBIM and AI into practical applications in architectural heritage management. 

Finally, at the conclusion of the study, the main findings were reiterated, pointing out 

perspectives for future directions for the field. In addition, ethical frameworks have been made, such 

as the preservation of historical and cultural authenticity, data privacy, and responsibility in the 

disclosure of sensitive information. 

 

FINAL THOUGHTS 

The integration of HBIM, AI, and PMBOK in architectural heritage management can be a 

comprehensive and effective approach in Project Planning and Management, Utilization of Artificial 

Intelligence with HBIM, and Project and Data Management. In the initial phase of Project Planning 

and Management aimed at preserving architectural heritage, HBIM plays a crucial role in assisting in 

the creation of detailed digital models of historic structures. The PMBOK, in turn, offers guidelines 
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for the planning and structuring of these projects. AI can be employed to analyze historical data, 

identify problem areas, and anticipate future conservation challenges. 

During the Project Execution and Control stage, HBIM proves to be valuable in monitoring 

the evolution of conservation activities. Meanwhile, AI can automate repetitive tasks, such as 

analyzing data or detecting spoilage patterns. In the Project Closure phase, the PMBOK outlines the 

processes to finalize and document the project, with HBIM being instrumental in recording all 

interventions carried out, creating a detailed digital history of the preserved structure. 

The use of Artificial Intelligence in HBIM in Data Analysis and Diagnostics can process large 

volumes of data collected by HBIM to identify deterioration patterns, anticipate future problems, and 

offer detailed insights into the structural condition. AI can even predict the need for preventive 

maintenance based on predictive analytics, which is crucial for preserving architectural heritage. In 

addition, AI enables Computer Vision and Natural Language Processing, techniques that help in the 

visual identification of damage and the analysis of historical documents to extract relevant 

information. 

In Project and Data Management, one can use the PMBOK guidelines to manage the 

preservation project, combining them with HBIM's tools and AI capabilities for analysis and 

informed decision-making. In Documentation and Organization, HBIM can be used to catalog data, 

and AI, along with PMBOK guidelines, can structure the documentation process to keep a detailed 

record of interventions. Thus, the integration of HBIM, Artificial Intelligence, and PMBOK can 

provide a more holistic and efficient management of architectural heritage, combining technology, 

project management practices, and detailed analysis to preserve these historic structures effectively. 

Given this context, it can be said that the integration between HBIM and Artificial 

Intelligence points to a future in which the preservation of historical architectural heritage will be 

more precise, efficient and carefully aligned with the cultural and historical demands of local 

communities. The advancement of AI algorithms presents the potential for more accurate and 

advanced analytics, deepening the understanding of the data collected by HBIM. This will enable a 

more detailed and thorough interpretation of historical structural information. In addition, the 

increasing automation of repetitive tasks, such as processing data and identifying patterns, tends to 

optimize the team's efforts. With this, professionals will be able to focus on more complex analyses 

and strategic interventions for heritage preservation. The integration between HBIM and AI can 

expand to include other emerging technologies, such as Augmented Reality (AR) or Virtual Reality 

(VR). This combination will allow for a more immersive experience in understanding and visualizing 

historic buildings, providing new methods of analysis and preservation. 

However, it is critical to consider ethical issues such as data privacy, historical authenticity, 

and local community involvement. The evolution of these technologies must be guided by ethics and 
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sustainability, ensuring that the preservation of architectural heritage is carried out responsibly and in 

line with the cultural and historical needs of local communities. In summary, the integration between 

HBIM and Artificial Intelligence points to a future in which the preservation of historical 

architectural heritage will be more accurate, efficient, and carefully aligned with the cultural and 

historical demands of local communities. 
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