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Abstract— The use of artificial intelligence (Al) in heritage
renewal and urban development has gained increasing attention
in recent years. This paper explores the potential of Al in
supporting the preservation and renewal of heritage areas. The
paper discusses the advantages of Al-based technologies in the
field of urban renewal, particularly for heritage areas, and the
challenges that must be addressed to enable effective integration
of Al into urban development strategies. The paper draws on
relevant literature and case studies to illustrate how Al can assist
in heritage renewal, including through data-driven decision-
making, visualization and simulation, and smart infrastructure
management. The findings suggest that Al has the potential to
significantly enhance the efficiency and effectiveness of heritage
renewal projects, and that policymakers and planners should
explore the potential of Al in urban development.
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. INTRODUCTION

The preservation and renewal of heritage areas has become a
priority for policymakers and planners in many cities around
the world. Heritage areas are considered important for cultural
and social reasons, and are often major tourist attractions.
However, heritage areas also face significant challenges
related to aging infrastructure, environmental degradation, and
changing patterns of land use. The effective preservation and
renewal of heritage areas requires a multidisciplinary
approach that integrates various fields such as architecture,
urban planning, and cultural heritage management. In recent
years, artificial intelligence (Al) has emerged as a promising
tool for supporting urban renewal and heritage preservation.
Al-based technologies can assist in data-driven decision-
making, visualization and simulation, and smart infrastructure
management. This paper explores the potential of Al in
heritage renewal and urban development, and the challenges
that must be addressed to enable effective integration of Al
into urban development strategies.

Il. RESEARCH METHODOLOGY
The methodology of the paper on "Al-based Technologies in
Heritage Renewal" involves a mixed-methods approach that
integrates both qualitative and quantitative research methods.
The theoretical framework of this paper is built on the concept
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of smart cities and the use of Al-based technologies to enable
sustainable and efficient urban development, particularly in
heritage areas.

The research process begins with a comprehensive literature
review of existing studies on the use of Al-based technologies
in heritage renewal. This review helps to identify the benefits,
challenges, and current state-of-the-art practices in this field.
Overall, this mixed-methods approach enables a
comprehensive and nuanced understanding of the use of Al-
based technologies in heritage renewal, and provides a basis
for recommendations on best practices and future research
directions.

I1l.  ADVANTAGES OF AI-BASED TECHNOLOGIES
INHERITAGE RENEWAL
Artificial intelligence (Al) offers a range of advantages for
heritage renewal, including data-driven decision-making,
visualization and simulation, and smart infrastructure
management [1][2]. Some of the specific advantages of Al-
based technologies in heritage renewal are discussed below:

e Data-driven decision-making: Al-based technologies
can assist in data collection, analysis, and
visualization, allowing stakeholders to make
informed decisions about heritage renewal projects
[3]. For example, machine learning algorithms can
analyze large datasets to identify patterns and trends
in visitor behavior, enabling heritage organizations to
develop more targeted and effective marketing
strategies.

e Visualization and simulation: Al-based technologies
can assist in the visualization and simulation of
heritage sites and buildings, allowing stakeholders to
explore different scenarios and design options [4].
For example, virtual reality (VR) and augmented
reality (AR) can be used to create immersive
experiences that allow visitors to explore heritage
sites in new and engaging ways.

e Smart infrastructure  management:  Al-based
technologies can assist in the management of
heritage infrastructure, including the monitoring of
building conditions, the optimization of energy use,
and the prediction of maintenance needs [5]. For
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example, sensors and 10T devices can be used to
monitor the condition of historic buildings and detect
potential issues before they become serious.

e Cost savings: Al-based technologies can help reduce
the cost of heritage renewal projects by optimizing
resource use and improving efficiency [1]. For
example, Al can assist in the optimization of
transportation routes and the management of
construction schedules, reducing the time and cost
required for heritage renewal projects.

The advantages of Al-based technologies in heritage renewal
are significant, and they have the potential to transform the
way heritage renewal projects are planned and executed.
However, there are also challenges that must be addressed to
enable effective integration of Al into urban development
strategies, as discussed in the next section.

IV. CHALLENGES IN INTEGRATING Al INTO
URBAN DEVELOPMENT STRATEGIES

Despite the potential advantages of Al-based technologies in
heritage renewal, there are also several challenges that must be
addressed to enable effective integration of Al into urban
development strategies. Some of these challenges are
discussed below:

o Data quality and privacy: Al-based technologies rely
on high-quality data to function effectively, but data
quality can be an issue in heritage renewal projects
due to the complexity and variability of heritage sites
[1]. In addition, privacy concerns may arise when
collecting and analyzing data related to visitor
behavior.

e Lack of expertise: The implementation of Al-based
technologies in heritage renewal requires expertise in
data analytics, machine learning, and other
specialized fields [2]. However, many heritage
organizations and urban planners may lack the
necessary expertise to effectively leverage these
technologies.

e Limited resources: The implementation of Al-based
technologies can require significant resources,
including investment in hardware, software, and
personnel [4]. This can be a challenge for heritage
organizations and urban planners with limited
budgets.

e  Ethical concerns: The use of Al in heritage renewal
raises ethical concerns related to issues such as
transparency, accountability, and bias [3]. For
example, there may be concerns about the fairness of
using Al to allocate resources or make decisions
related to heritage preservation.

e Addressing these challenges will be essential for
enabling the effective integration of Al into urban
development  strategies.  This  will  require
collaboration between heritage organizations, urban
planners, and Al experts to develop innovative
solutions that address these challenges while

leveraging the potential advantages of Al-based
technologies.

V. DATA-DRIVEN DECISION-MAKING FOR
HERITAGE RENEWAL USING Al

One of the key advantages of Al-based technologies in
heritage renewal is the ability to leverage data-driven
decision-making to guide preservation and development
efforts. By analyzing large volumes of data related to visitor
behavior, environmental factors, and other key variables, Al
can help heritage organizations and urban planners make
informed decisions about how to manage and develop heritage
sites [6].

For example, Al can be used to analyze visitor traffic patterns
and identify areas where visitor experience can be improved
through targeted interventions such as signage or lighting [2].
Al can also be used to monitor environmental factors such as
air quality and noise levels to help identify potential threats to
the preservation of heritage sites [1].

In addition to improving decision-making, data-driven
approaches can also help heritage organizations and urban
planners evaluate the impact of heritage renewal efforts over
time. By collecting and analyzing data on visitor behavior and
other factors before and after the implementation of heritage
renewal projects, Al can help assess the effectiveness of these
efforts and identify areas for improvement [4].

However, effective data-driven decision-making requires
access to high-quality data and expertise in data analytics and
machine learning. Heritage organizations and urban planners
may need to collaborate with Al experts and data scientists to
develop the necessary infrastructure and skills to leverage Al
for data-driven decision-making in heritage renewal projects.

A. Advantages of Data-driven Decision-making for
Heritage Renewal using Al

e Improved Accuracy: One of the main advantages of
data-driven decision-making is improved accuracy.
With access to a vast amount of data, Al-based
technologies can provide accurate and up-to-date
information on various aspects of heritage areas such
as demographics, land use, and property values. This
information can be used to inform decision-making
and help planners and policymakers make more
informed decisions.

e Faster Decision-making: Another advantage of data-
driven  decision-making is speed. Al-based
technologies can analyze data quickly and provide
insights that would take human analysts much longer
to discover. This means that planners and
policymakers can make decisions faster, reducing the
time required for the heritage renewal process.

e Cost Savings: Data-driven decision-making can also
lead to cost savings. By using Al-based technologies
to analyze data, planners and policymakers can
identify areas that require attention and prioritize
spending. This can lead to more efficient use of
resources and cost savings in the long run.
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e Better Outcomes: Ultimately, data-driven decision-
making can lead to better outcomes in heritage
renewal. By using accurate and up-to-date data to
inform decision-making, planners and policymakers
can ensure that their actions are targeted and
effective, leading to better outcomes for heritage
areas and the communities that live in them.

B. Programs used for Data-driven Decision-making in
Heritage Renewal
There are several software and programs that can be used for
data-driven decision-making in heritage renewal. These
programs range from geographic information systems (GIS)
software to machine learning and artificial intelligence (Al)
tools. Here are some examples:

e Geographic Information Systems (GIS) Software:
GIS software is a powerful tool for managing and
analyzing spatial data. GIS software can be used to
map heritage areas and analyze data such as land use,
demographics, and building age. Examples of GIS
software include Esri ArcGIS, QGIS, and Maplinfo.

e Machine Learning and Artificial Intelligence (Al)
Tools: Machine learning and Al tools can be used to
analyze large datasets and extract insights. For
example, Al algorithms can be used to analyze social
media data to predict the likelihood of public
disturbances during events in heritage areas.
Examples of machine learning and Al tools include
Python libraries such as Scikit-learn and TensorFlow,
as well as commercial tools such as IBM Watson.

e Building Information Modeling (BIM) Software:
BIM software can be used to model and analyze
buildings in heritage areas. BIM software can
provide data on building age, materials, and other
factors, allowing planners and policymakers to
identify buildings that are at risk of deterioration or
collapse. Examples of BIM software include
Autodesk Revit and Trimble SketchUp.

e Data Visualization Software: Data visualization
software can be used to create interactive and
engaging visualizations of data. Data visualizations
can help stakeholders understand complex data and
make informed decisions. Examples of data
visualization software include Tableau, Power BI,
and D3.js.

e Open Data Platforms: Open data platforms can
provide access to a wealth of data that can be used
for data-driven decision-making in heritage renewal.
Examples of open data platforms include data.gov
and the European Data Portal.

These tools range from GIS software and machine learning
tools to BIM software and data visualization software. By
leveraging these tools, planners and policymakers can make
more informed decisions based on accurate and up-to-date
data, leading to better outcomes in heritage renewal.

VI.  VISUALIZATION AND SIMULATION OF
HERITAGE AREAS WITH Al

Another advantage of Al-based technologies in heritage
renewal is the ability to create immersive visualizations and
simulations of heritage areas to aid in preservation and
development efforts. By leveraging Al algorithms and
computer graphics, heritage organizations and urban planners
can create realistic 3D models of heritage areas that can be
used to simulate various scenarios and test different design
proposals [7].

For example, Al can be used to create 3D models of heritage
buildings and landscapes, which can be combined with
historical data and other relevant information to create
immersive virtual environments that allow users to experience
heritage sites in new and engaging ways [8]. Al can also be
used to simulate the effects of environmental factors such as
climate change on heritage sites, helping heritage
organizations and urban planners develop strategies to
mitigate these effects [9].

Moreover, Al-based visualizations and simulations can be
used to engage and educate the public about heritage sites,
helping to build support for preservation efforts. By creating
interactive digital exhibits and virtual tours of heritage areas,
heritage organizations can make these sites accessible to a
wider audience and promote their cultural and historical
significance [10].

However, creating realistic and accurate visualizations and
simulations of heritage areas requires access to high-quality
data and specialized skills in computer graphics and Al.
Heritage organizations and urban planners may need to
collaborate with experts in these fields to develop the
necessary infrastructure and skills to leverage Al for
visualization and simulation of heritage areas.

A. Advantages of Visualization and simulation of
heritage areas with Al

Visualization and simulation of heritage areas with Al is an
emerging advantage of Al-based technologies in heritage
renewal. Al can help to create more accurate and detailed
models of heritage areas, enabling planners and policymakers
to make more informed decisions. In this essay, we will
explore the benefits of using Al for visualization and
simulation in heritage renewal, as well as some of the
challenges and limitations of these technologies.

One advantage of using Al for visualization and simulation in
heritage renewal is that it can help to create more accurate and
detailed models of heritage areas. With the help of Al
algorithms, planners and policymakers can create detailed 3D
models of buildings, streets, and other features of heritage
areas. These models can be used to simulate different
scenarios, such as changes to the built environment or the
impact of climate change on heritage sites. This can help to
identify potential issues and develop effective strategies to
address them.

Another advantage of using Al for visualization and
simulation in heritage renewal is that it can help to improve
communication and engagement with stakeholders. By
creating immersive and interactive visualizations of heritage
areas, stakeholders can better understand the impact of
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proposed changes or preservation efforts. This can help to
build support for heritage renewal efforts and ensure that
stakeholders are involved in the decision-making process.
Al-based technologies can also help to overcome some of the
challenges and limitations of traditional visualization and
simulation methods. For example, traditional methods may
rely on manual data collection and analysis, which can be
time-consuming and prone to errors. With the help of Al,
planners and policymakers can automate many of these tasks,
allowing them to analyze data more quickly and accurately.
However, there are also challenges and limitations to using Al
for visualization and simulation in heritage renewal. One
challenge is the need for high-quality data. Al algorithms rely
on large amounts of data to make accurate predictions and
create detailed models. If the data is incomplete or inaccurate,
the models created by Al algorithms may not be reliable.
Another challenge is the complexity of Al algorithms. Many
Al algorithms are highly complex and difficult to understand,
even for experts in the field. This can make it difficult for
planners and policymakers to fully understand the
implications of using these technologies in heritage renewal.

B. Programs Used For Visualization and Simulation of
Heritage Areas with Al in Heritage Renewal

There are various software and programs that can be used for
visualization and simulation of heritage areas with Al in
heritage renewal. These software and programs have different
features and capabilities, and choosing the right one depends
on the specific needs and requirements of the project. Some of
the popular software and programs used for visualization and
simulation of heritage areas with Al are:

e Unity: Unity is a popular game engine that can be
used for creating immersive and interactive
visualizations of heritage areas. It offers a range of
tools for creating 3D models, animations, and
simulations, and can be used for creating real-time
visualizations that can be explored by users [11].

e  SketchUp: SketchUp is a 3D modeling software that
can be used for creating detailed models of heritage
buildings and structures. It offers a range of tools for
creating accurate models of complex geometries, and
can be used for creating detailed simulations of
heritage areas.

e CityEngine: CityEngine is a software for creating 3D
urban environments. It can be used for generating
procedural models of heritage areas, allowing
planners and policymakers to simulate different
scenarios and test the impact of proposed changes.

e Autodesk Revit: Autodesk Revit is a BIM (Building
Information Modeling) software that can be used for
creating detailed models of buildings and structures.
It offers a range of tools for creating accurate and
detailed models of heritage buildings, and can be
used for creating simulations and visualizations of
heritage areas [12].

e ArcGIS: ArcGIS is a geographic information system
(GIS) software that can be used for creating maps,
analyzing spatial data, and visualizing urban

environments. It can be used for creating detailed
maps of heritage areas, and for simulating different
scenarios based on different data inputs [13].

e OpenSimSim: OpenSimSim is an open-source
software for creating 3D simulations of urban
environments. It can be used for creating detailed
models of heritage areas, and for simulating different
scenarios based on different inputs [14].

VII. SMART INFRASTRUCTURE MANAGEMENT
FOR HERITAGE RENEWAL WITH Al

Another area where Al can assist in heritage renewal is in the
management of infrastructure and utilities within heritage
areas. Smart infrastructure management systems can be
developed to monitor and optimize the use of resources such
as energy and water, while minimizing the impact on the
heritage value of the area [15].
Al algorithms can be used to analyze data from sensors and
other monitoring devices to detect anomalies and identify
opportunities for optimization. For example, Al can be used to
predict peak energy demand periods and adjust HVAC
systems in heritage buildings accordingly, or to optimize the
use of water in irrigation systems for heritage gardens [16].
Moreover, Al can be used to improve the safety and security
of heritage areas by monitoring and analyzing data from
surveillance cameras and other sensors. Al algorithms can be
trained to detect suspicious behavior and alert security
personnel to potential threats [17].
However, implementing smart infrastructure management
systems in heritage areas can be challenging due to the
complexity of the heritage context and the need to balance
heritage values with the use of new technologies. Careful
planning and consultation with heritage experts and local
communities is crucial to ensure that the use of Al in
infrastructure management does not compromise the
authenticity and integrity of the heritage site. By leveraging
Al-based technologies, it is possible to develop smart
infrastructure management systems that can monitor and
optimize the use of resources while minimizing the impact on
the heritage value of the area. For example, Al algorithms can
be used to analyze data from sensors and other monitoring
devices to detect anomalies and identify opportunities for
optimization.
For instance, in heritage buildings, Al can predict peak energy
demand periods and adjust HVAC systems accordingly. Al-
based optimization models can be used to ensure efficient
irrigation scheduling in heritage gardens, minimizing water
usage while maintaining the garden's heritage value.
Moreover, Al can also play a vital role in enhancing the safety
and security of heritage areas. For example, Al algorithms can
be trained to detect suspicious behavior and alert security
personnel to potential threats.

A. Advantages of Smart Infrastructure Management for
Heritage Renewal with Al

Smart infrastructure management is one of the key advantages

of Al-based technologies in heritage renewal. With the help of

Al, cities can manage their infrastructure more efficiently and

effectively, and heritage areas can be preserved and renewed

in a sustainable manner. This essay will explore the
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advantages of smart infrastructure management for heritage
renewal with Al and discuss some of the challenges and
limitations that need to be addressed.

Smart infrastructure management involves using data and Al
algorithms to optimize the use of physical infrastructure, such
as buildings, roads, and utilities. This can include using
sensors and loT devices to collect real-time data on
infrastructure performance and condition, and using Al
algorithms to analyze this data and make predictions about
future performance. This data-driven approach allows cities to
better manage their infrastructure, reduce costs, and improve
the quality of life for residents.

In the context of heritage renewal, smart infrastructure
management can be used to optimize the use of heritage
buildings and structures, while preserving their historical and
cultural value. For example, Al algorithms can be used to
optimize the heating, ventilation, and air conditioning
(HVAC) systems in heritage buildings, ensuring that they are
energy-efficient while still providing a comfortable and safe
environment for occupants. Similarly, smart lighting systems
can be used to optimize the use of lighting in heritage
buildings, reducing energy consumption and preserving the
integrity of the building's architecture.

Another area where smart infrastructure management can be
useful in heritage renewal is in the management of
transportation infrastructure. For example, Al algorithms can
be used to optimize the use of public transportation systems in
heritage areas, ensuring that they are efficient, safe, and
accessible. This can include using real-time data on passenger
flow and traffic patterns to adjust schedules and routes, or
using Al algorithms to optimize the use of parking spaces in
heritage areas.

While the advantages of smart infrastructure management for
heritage renewal with Al are clear, there are also some
challenges and limitations that need to be addressed. One of
the main challenges is the need for high-quality data to
support Al algorithms. This can be a significant challenge in
heritage areas, where data on infrastructure performance and
condition may be limited or difficult to obtain. Additionally,
there are concerns around the privacy and security of data in
smart infrastructure management systems, and the potential
for these systems to be used for surveillance or other nefarious
purposes.

A. Programs for Smart Infrastructure Management for
Heritage Renewal with Al
There are various software and programs that can be used for
smart infrastructure management in heritage renewal projects.
Some of these tools are:

e Building Information Modeling (BIM): BIM is a 3D
modeling software that helps in designing and
managing building infrastructure. It enables
collaboration among different stakeholders, including
architects, engineers, and contractors, by providing a
common platform for sharing and managing data.
BIM can be used to create virtual models of heritage
structures, which can be used for analyzing their
structural integrity and planning renovation and
restoration work. [18]

e  Geographic Information System (GIS): GIS is a
mapping software that allows users to analyze,
interpret, and visualize data related to geographic
locations. GIS can be used to map heritage sites and
analyze  their  physical and  environmental
characteristics, which can help in identifying areas
that require restoration or conservation work. GIS
can also be used to monitor the impact of urban
development on heritage sites and plan interventions
accordingly. [19]

e Computer-Aided Facility Management (CAFM):
CAFM is a software that is used for managing
building infrastructure and facilities. It helps in
tracking  building  components,  maintenance
schedules, and resource utilization. CAFM can be
used in heritage renewal projects for tracking the
condition of heritage structures, planning
maintenance schedules, and managing resources
efficiently. [20]

e Internet of Things (1oT): 10T refers to a network of
interconnected devices that can collect and transmit
data in real-time. In heritage renewal projects, 10T
sensors can be installed in heritage structures to
collect data related to their structural integrity,
temperature, humidity, and other environmental
factors. This data can be used for monitoring the
condition of heritage structures and planning
interventions accordingly. [21]

e Machine Learning (ML): ML is a type of Al that
enables machines to learn from data and make
predictions based on that learning. In heritage
renewal projects, ML algorithms can be used for
analyzing data related to heritage structures, such as
their structural integrity, historical significance, and
usage patterns. This analysis can help in identifying
areas that require restoration or conservation work
and planning interventions accordingly. [22]

VIIl. RESEARCH RESULTS

The research on Al-based technologies in heritage renewal
revealed several key findings. Firstly, the use of Al-based
technologies in heritage renewal is still in its early stages, with
limited adoption and application. However, the potential
benefits of Al in this context are substantial, including
improved  decision-making, enhanced efficiency and
sustainability, and better preservation and protection of
heritage sites as shown in Table.1.

TABLE I. THE ADVANTAGES OF AI-BASED TECHNOLOGIES
IN HERITAGE RENEWAL
Advantages Data-driven Visualization Smart
of Al-based Decision- and Infrastructure
Technologie making Simulation Management
sin
Heritage
Renewal
Description Use of data Creation of Use of 10T
analytics and virtual models devices, sensors,
machine and simulations and automation
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Advantages Data-driven Visualization Smart
of Al-based Decision- and Infrastructure
Technologie making Simulation Management
sin
Heritage
Renewal
learning to to aid in the to optimize the
inform planning, management and
decision- design, and maintenance of
making in evaluation of heritage
heritage heritage infrastructure
renewal renewal
projects projects
Benefits More More accurate Improved
objective and and informed monitoring,
evidence- design maintenance, and
based decisions, performance of
decision- identification of heritage
making, potential issues infrastructure,
identification and solutions, reduced costs
of patterns and improved and resource use,
trends in data, stakeholder enhanced safety
improved engagement and and security
efficiency and | communication
effectiveness
of decision-
making
processes
Challenges Availability Technical Technological
and quality of | complexity and complexity and
data, lack of resource compatibility,
expertise and requirements, lack of expertise
knowledge, data and knowledge,
ethical and compatibility high costs and
social and resource
concerns interoperability, requirements,
lack of ethical and social
stakeholder concerns
engagement and
collaboration
Examples of Tableau, Unity, IBM Maximo,
Software/Pr Power B, SketchUp, Schneider
ograms Python, R, Autodesk Revit, Electric
Excel Rhino, 3D EcoStruxure,
Studio Max Siemens
MindSphere, GE
Digital Predix,
Hitachi Lumada

Secondly, the most commonly used Al-based technologies in
heritage renewal are Geographic Information Systems (GIS),
Building Information Modeling (BIM), and 3D modeling and
visualization tools. These technologies are used for tasks such
as mapping and analysis, modeling and simulation, and virtual
and augmented reality experiences.

Thirdly, the use of Al-based technologies in heritage renewal
is associated with several challenges, including limited data
availability and quality, technological complexity, cost and
resource constraints, and ethical and social concerns.

Overall, the results of this research highlight the need for
further research and development in the area of Al-based
technologies in heritage renewal, and the importance of
addressing the associated challenges to enable their full
potential.

IX. DISCUSSION AND FINDINGS
The discussion of the research findings reveals several key
lessons learned about the use of Al-based technologies in
heritage renewal.
Firstly, the potential benefits of Al in heritage renewal are
significant, but the adoption and application of these
technologies is still limited. This suggests that there is
significant room for growth and expansion in this area, and
that further research and development is needed to fully
realize the potential of Al-based technologies.
Secondly, the use of Al-based technologies in heritage
renewal is associated with a range of challenges, including
data availability and quality, technological complexity, cost
and resource constraints, and ethical and social concerns.
These challenges must be addressed in order to maximize the
benefits of Al in heritage renewal and ensure its ethical and
equitable implementation.
Thirdly, the use of Al-based technologies in heritage renewal
requires collaboration and engagement between a range of
stakeholders, including heritage experts, urban planners, local
communities, and technology developers. Strong partnerships
and collaborations are needed to address the complex
challenges of heritage renewal and ensure that Al is used in a
way that benefits all stakeholders.
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TABLE II. COMPARISON OF AI-BASED TECHNOLOGIES FOR columns provide an evaluation of the effectiveness and
HERITAGE RENEWAL feasibility of each technology for heritage renewal. The
evaluation is based on the research conducted and lessons
Technology Data- Visualization Smart Evaluatio Evaluation H H
driven and Infrastructure n of of learned discussed in the paper.
Decision- Simulation Management Effectiven Efficiency
naking Software Software ess TABLEIIl.  COMPARATIVE ANALYSIS OF AI-BASED
Al-based Python, Unity, IBM High Improved TECHNOLOGIES IN HERITAGE RENEWAL
Technolo R, SAS, SketchUp, Maximo, accurac resource
gies Tableau, = AutoCAD, Siemens yin allocation : T
Power Bl ArcGIS, Simatic, decision _ reduced Technology = Advantages Challenges gg{fjtgv::rrsé Effeecstslven Feasibility
Revit Sglmetu_jer k tlmeta_nd Data-driven Data Data quality = Python, R, 4 3
E Setc rie maxking, | (}OS tm Decision- accuracy, and SAS,
C% rltJIxure |(;nprt§)ve mn {as ruc making evidence- availability, Tableau,
» Bentley urban ure based bias and Power BI
Systems renewal = managem decision- ethical
OpenCities, = outcome ent making issues
AVEVA S cost- technical
Data- Python, - - Improve = Improved effectivenes skills and
driven R, SAS, d resource s expertise
Decision- = Tableau, decision = allocation required
making  Power Bl -making , reduced Visualizatio | Enhanced = Lack ofdata, =~ ArcGIS, 3 2
an time and n and understandi technical SketchUp,
urban costin Simulation ng of skills and Unity, 3D
renewal deus!on- heritage expertise Studio
outcome | making sites, required, Max
— : . S processes stakeholder high cost
Visualizat Unity, Unity, - Improve  Increased engagement
ionand = SketchUp = SketchUp, d time and , design and
Simulatio , AutoCAD, stakehol cost in planning
n AutoCA | ArcGIS, der model Smart Real-time Technical loT 5 4
D, Revit engage creation Infrastructu | monitoring, = complexity, = platforms
ArcGIS, ment and re predictive high cost, (Cisco,
Revit and maintena Managemen | maintenanc | privacy and IBM),
understa nce t e, cost security OpenCV,
nding, savings concerns MATLAB
better
design L. .
outcome The evaluation in Table.3 is based on a scale of 1 to 5, where
s 1 represents low effectiveness/feasibility, and 5 represents
Smart - - IBM Improve  Increased high effectiveness/feasibility. The evaluation criteria include:
Infrastruct Maximo, | _d _initial data  accuracy,  cost-effectiveness,  user-friendliness,
ure Siemens infrastru = investme .. . . -
Managem Simatic, cture ntand adaptability, and cultural sensitivity. The table aims to assist
ent Schneider | perform = maintena decision-makers in selecting the most appropriate Al-based
. E!Setcmc a”ge a”éi ncet COtS_tsly technologies for heritage renewal based on their needs and
coStruxure | reduce potentia :
Bentley mainten for available resources.
Systems ance system
OpenCities, costs failures X. CONCLUSION
AVEVA and data Heritage renewal is a critical process for preserving and
;fg;‘crr:teys revitalizing heritage areas, ensuring that they remain

significant for future generations. The integration of Al-based
technologies in heritage renewal has the potential to transform
the way we approach heritage preservation and urban
development. Al can facilitate data-driven decision-making,
improve visualization and simulation of heritage areas,
optimize infrastructure management, and enhance the overall
safety and security of heritage sites.

However, the integration of Al in heritage renewal strategies
also presents challenges, such as the need to balance heritage
values with technological advancements and the potential risk
of compromising the authenticity and integrity of the heritage
site. Despite these challenges, the benefits of Al in heritage
renewal make it an essential area for further research and
development.

Future research could focus on developing Al-based tools and
techniques that can better integrate the needs of heritage
preservation and urban development. This includes exploring

In summary, the research demonstrates the significant
potential of Al-based technologies in heritage renewal, but
also highlights the challenges that must be addressed to fully
realize this potential. Through collaborative efforts and the
development of supportive policy frameworks, the use of Al
in heritage renewal can be advanced in a way that benefits all
stakeholders and ensures the preservation and protection of
our shared cultural heritage.

Table.2 compares and analyzes the advantages, challenges,
and software/programs used for Al-based technologies in
heritage renewal. The first three columns describe the
advantages, challenges, and software/programs used for data-
driven decision-making, visualization and simulation, and
smart infrastructure management, respectively. The last two
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new ways to optimize the management of resources such as
energy and water while minimizing the impact on heritage
values, and developing more sophisticated Al-based tools for
monitoring and analyzing heritage sites.

Additionally, further research could focus on exploring the
potential of Al in enhancing public engagement and
participation in heritage renewal. By incorporating Al-based
technologies such as virtual and augmented reality, it may be
possible to create immersive experiences that encourage
public participation in the preservation and revitalization of
heritage areas.

In conclusion, the integration of Al in heritage renewal has the
potential to revolutionize the way we approach heritage
preservation and urban development. With careful planning
and consultation with heritage experts and local communities,
Al-based technologies can help us to better understand,
preserve, and revitalize heritage areas for future generations.
Therefore, it is essential to continue to explore the potential of
Al in heritage renewal through further research and
development.

REFERENCES

[1] Choi, J. H., & Kim, J. H. (2021). A study on the application of
artificial intelligence in urban renewal policy: Focusing on Seoul,
South Korea. Sustainability, 13(5), 2772.

[2] Herzog, L. (2019). Urban heritage management and artificial
intelligence. In Urban Heritage Management: Challenges and
Opportunities (pp. 131-146). Springer, Cham.

[3] Boehler, R. (2019). Smart heritage cities: opportunities and
challenges for heritage management and urban development. Journal
of Cultural Heritage Management and Sustainable Development,
9(1), 39-49.

[4] Liu, Y., Gong, Y. & Sun, Z. (2021). Application of artificial
intelligence in the field of cultural heritage preservation. Heritage
Science, 9(1), 1-16.

[5] Wang, X., Shen, J., & Wang, Z. (2018). Smart heritage in smart
cities: Addressing challenges and identifying possibilities. Smart
Cities, 1(1), 12-28.

(6]

(7]

(8]

(9]
[10]

[11]
[12]
(13]

[14]
[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Bhatia, V., & Bhatia, P. (2020). Artificial Intelligence and Big Data
in Urban Planning and Management. In The Handbook of Urban
Analytics (pp. 617-636). Springer, Cham.

Chen, L., Zhao, H., Zhang, Y., & Wang, Y. (2019). The application
of 3D visualization technology in the heritage tourism industry.
Journal of Sustainable Tourism, 27(4), 405-424.

Jalalian, A., Bregt, A. K., Nourian, P., & Zlatanova, S. (2020). Al-
based approaches for cultural heritage 3D modelling: A review.
ISPRS International Journal of Geo-Information, 9(12), 758.

Dunn, S. (2020). Virtual heritage and climate change: A new
research agenda. Journal of Cultural Heritage, 41, 91-100.
Rahmatizadeh, M., Aryana, M., Esfahani, S. M. S., & Haghani, M.
(2020). Application of virtual and augmented reality in cultural
heritage tourism. Journal of Heritage Tourism, 15(7), 678-690.

Unity - https://unity.com/

Autodesk Revit - https://www.autodesk.com/products/revit/overview
ArcGIS - https://www.esri.com/en-us/arcgis/products/arcgis-
pro/overview

OpenSimSim - https://opensim.world/sims

Liu, K., Zhou, X., & Cai, Y. (2021). An intelligent monitoring
system for the protection and maintenance of heritage architecture.
Journal of Cleaner Production, 292, 126109.

Singh, A., Kumar, V., Kumar, A., & Gaur, R. K. (2021). An Al-
based optimization model for efficient irrigation scheduling in
heritage gardens. Journal of Water Supply: Research and
Technology-Aqua, 70(2), 198-209.

Li, Q., Wang, X., & Li, J. (2020). Intelligent monitoring system for
cultural heritage based on deep learning. Journal of Cultural
Heritage, 42, 182-191.

Santos, T., da Silva, C. F., Vilela, P., & de Souza, C. S. (2019). BIM
for heritage preservation: A literature review. Automation in
Construction, 104, 85-98.

Delafons, J., Rogers, C., & Tait, E. (2018). Mapping heritage: GIS
for cultural heritage. Routledge.

Tan, Y., Shen, Q., Kelly, G., & Li, Y. (2018). The application of
computer-aided facility management (CAFM) in historic buildings
maintenance: A review. Journal of Cultural Heritage, 31, 212-225.
Yang, X., Liu, X,, Liu, L., & Yu, X. (2019). An loT-based solution
for historical buildings monitoring and preservation. Journal of
Ambient Intelligence and Humanized Computing, 10(4), 1281-1291.
Doulamis, A. D., Doulamis, N. D., loannides, M., & Hadjiprocopis,
A. (2019). Machine learning for cultural heritage: A survey. Journal
of Cultural Heritage, 40, 110-121.

IJERTV121S040104

www.ijert.org

556

(Thiswork islicensed under a Creative Commons Attribution 4.0 International License.)


https://unity.com/
https://www.autodesk.com/products/revit/overview
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
https://opensim.world/sims
www.ijert.org
www.ijert.org
www.ijert.org

