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Abstract: This paper investigates the utilisation of heritage building information modelling (BIM)
in order to improve the architectural heritage documentation process at Ad Deir, a significant
historical building within the UNESCO World Heritage site of Petra, Jordan. Ad Deir, also known as
‘The Monastery’, requires accurate and complete documentation for its preservation and effective
management. Traditional documentation methods, such as manual surveys and 2D drawings,
frequently fail to obtain the intricate details and complexity of heritage structures. This study
proposes the use of heritage BIM, which involves creating a digital representation of Ad Deir by
combining various data types such as geometric, material, and historical information. Laser scanning
technology is used to capture the site in three dimensions, providing a precise representation of its
current state. The point clouds are exported to the BIM workflow once they have been processed. The
longitudinal and cross-sections of the point clouds revealed the dimensions of regular and irregular
elements, which were then traced and modelled accurately. This digital model serves as a platform
for future data integration, which may include historical documentation, architectural plans, and
construction details. Creating accurate heritage BIM, which involves various levels of knowledge,
improves quality control during conservation work and aids in informed decision-making.
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1. Introduction

Ad Deir, also known as “The Monastery’, is a remarkable archaeological site located in
the ancient city of Petra, a UNESCO World Heritage site in Jordan, depicted in Figure 1. This
magnificent monument stands as a testament to the ingenuity and architectural brilliance
of the Nabateans, an ancient Arab civilization that thrived in the region over two thousand
years ago [1]. Ad Deir, depicted in Figure 2, is not only a significant historical landmark but
also an important cultural heritage site that draws tourists and researchers from around the
world [2]. Moreover, in 2007, Petra, the ancient city that served as the Nabataean empire’s
capital between 400 BC and AD 106, gained recognition as one of the ‘New Seven Wonders
of the World’. This city showcases a remarkable assortment of temples, tombs, theatres,
and other edifices, all meticulously carved into the rosy-hued sandstone cliffs spread across
a sprawling 400 square mile area. Recognizing its immense cultural value, UNESCO
inscribed Petra into the World Cultural Heritage list in 1985. Unfortunately, many of its
monuments have experienced rapid deterioration in recent years [3], In 1998, Petra was
listed among the top one hundred most imperilled architectural ensembles by the World
Monuments Fund. Furthermore, located in south-western Jordan, Petra faces significant
weathering and erosion challenges. The porous nature of the inorganic materials comprising
the monuments, combined with uncontrolled environmental conditions, contributes to
these problems. The primary force affecting the stone structures is the potential salt damage
resulting from weathering [4,5].
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Figure 1. Locations, roads, and areas surrounding the Tomb.
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Figure 2. Al-Deir Tomb, Petra, Jordan.

Until recently, reliable monitoring of weathering had been lacking for most of the
monuments in ancient Petra due to the absence of reference archive documents on past
weathering damage [6,7]. However, in recent years, a plethora of digital investigation
methods has emerged, offering dependable, straightforward, and rapid surveying of large-
scale monuments, even those difficult to access. By integrating these modern techniques
with laboratory analysis, it becomes possible to quantitatively record, document, and
evaluate complete monuments in a comprehensive manner. Furthermore, previous studies
on architectural documentation of heritage sites have mainly relied on traditional surveying
techniques and manual documentation, which may be time-consuming and prone to
human error. Some researchers have investigated the application of 3D laser scanning
and photogrammetry techniques. for heritage documentation for examples [1,8], but the
integration of BIM technology into these processes remains limited. This paper builds
upon these previous works and investigates the potential of heritage BIM for Ad Deir’s
architectural documentation.

The research in [1] shows that uncontrolled environmental factors and elevated salt
content have emerged as the principal factors contributing to the deterioration of the
Al-Deir monument situated within the ancient city of Petra, Jordan. Consequently, there
arose a pressing need for a comprehensive investigation and thorough documentation of
the monument’s condition. The scientific study adopted a thorough methodology, which
involved mapping weathering forms in 2D and creating 3D models using laser scanning
and photogrammetry methods. Notably, 3D laser scanning technology played a pivotal
role in acquiring precise spatial data pertaining to the monument. The data obtained
from these methods facilitate a meticulous assessment of the restoration requirements.
In instances of structural damage, the provision of highly detailed, high-resolution 2D
images, as well as the meticulous texturing of 3D models of the monument serve to not only
depict the stone’s texture but also offer insight into the spatial distribution of weathering
phenomena, thereby aiding in the elucidation of the mechanisms and rates of weathering-
related issues. Furthermore, this study encompassed laboratory analyses and a correlation
study between the salt content and surface weathering damage, both of which constitute the
primary mechanisms responsible for the stone’s degradation within the monument. This
investigation enables a deeper comprehension of the underlying deterioration processes
and causative factors. Additionally, the assessment of salt distribution revealed a distinct
correspondence between observable zoning patterns of weathering damage and varying
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salt concentrations. Moreover, in [8], the multi-image panoramas serve as valuable tools
for creating virtual tours and documenting cultural heritage due to their convenience
and comprehensiveness. Additionally, they possess metric capabilities that enable the
three-dimensional evaluation of objects when at least two panoramas are available [8].
While the procedure is well-established and highly efficient, it is important to note that
both the orientation phase and the plotting phase still require manual intervention. The
photogrammetric techniques are employed for surveying and representing architecture in
three dimensions, with accuracy on par with monoscopic multi-image low-cost approaches.
The advantages of employing this method are manifold: it significantly simplifies the
photogrammetric process by replacing multiple individual shots with each panorama,
allowing for a comprehensive documentation of the object. Moreover, it offers rapid
execution and ease of plotting, even for non-expert technicians. However, one notable
limitation of this approach lies in the challenging identification of corresponding points,
which is relatively straightforward when dealing with sharp points and corners but becomes
difficult or even impossible due to the absence of stereoscopy, particularly on rough and
uneven surfaces such as rocks or irregular blocks or curved walls commonly encountered
in archaeology. To tackle this challenge, the proposed method involves interactively editing
a wireframe model derived from the original plot, focusing on specific points deemed
appropriate. This editing process is facilitated by projecting oriented panoramas within
the 3D environment of 3ds Max®. This projection relies on the known orientation of each
panorama, including the projection centre’s three coordinates and three rotation angles.
Using computer-aided design (CAD) tools, adjustments can be made to the model’s points
and surfaces until they align with the image projection. This approach was applied to the
Ad-Deir temple in Petra, Jordan, where certain stone elements, known for their soft texture,
had experienced erosion, resulting in irregular shapes. Vector plotting was confined to a
few easily identifiable points, from which a wireframe was constructed. This wireframe
was then used to generate a surface model, which underwent further refinement and
completion by back projecting the three original panoramas used for plotting. Additionally,
the image projection was applied as a texture to the surfaces, yielding a satisfactory result.

Furthermore, the primary objectives of this research are to develop and demonstrate
a methodology for heritage building information modelling (HBIM) that can be broadly
applied to the documentation and preservation of cultural heritage architecture [9-12], to
use Ad Deir as a case model, depicted in Figure 3, to illustrate how HBIM can enhance
architectural documentation, structural analysis, virtual restoration, and long-term en-
vironmental impact modelling, and to facilitate collaboration among multidisciplinary
teams, including architects, historians, archaeologists, and engineers, by utilizing HBIM for
effective preservation and restoration projects.

sculptures
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Figure 3. The main architectural parts of the Ad Deir.
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The process leading to these objectives begins with background research and literature
review, analysing existing digital documentation methods and previous studies on Ad Deir
and other heritage sites. This is followed by data collection and analysis using advanced 3D
laser scanning and photogrammetry to gather precise spatial data from Ad Deir, which are
then integrated into the HBIM framework to create a detailed and accurate digital model.
The absence of parametric library objects in BIM software programs that can be utilized
for historical buildings is currently one of the limitations of heritage BIM. When compared
to standard BIM, this task is more difficult because historic buildings are composed of
irregular and unique structures. Thanks to research in the field of 3D modelling and the
primary 3D survey techniques, such as terrestrial laser scanners (TLS) and photogrammetry,
it is now possible to generate informative models useful for various types of analysis [13].

The next step involves developing a comprehensive HBIM methodology that incor-
porates the collected data, ensuring it is adaptable to other heritage sites and address-
ing challenges such as identifying corresponding points on rough and irregular surfaces
through advanced computer vision techniques. The methodology can be then applied
and validated by creating a detailed HBIM model of Ad Deir, comparing it with existing
documentation, and assessing its effectiveness in structural analysis, virtual restoration,
and environmental impact simulation. Finally, collaboration among architects, historians,
archaeologists, and engineers is fostered, integrating their expertise into the HBIM process
to facilitate informed decision-making and proactive conservation planning [14].

By employing heritage BIM in the documentation of Ad Deir, we can ensure the
preservation of this extraordinary architectural marvel for future generations. This compre-
hensive digital record not only enhances our understanding of the site but also assists in
the development of effective conservation strategies. The method and the work flow of
HBIM can be shown in Figure 4. Moreover, the digital models created through Heritage
BIM can be shared with the public, allowing visitors to experience the site virtually and
appreciate its historical and cultural significance even if they cannot visit it in person [15].
Furthermore, the integration of Heritage BIM in the architectural documentation of Ad Deir
and other heritage sites revolutionizes the preservation and study of our architectural past.
By harnessing advanced technologies, we can create immersive digital representations
that capture the essence of these structures, providing invaluable resources for research,
conservation, and public engagement.

Furthermore, collaboration among conservators, architects, engineers, historians, and
other stakeholders is essential to ensure that the enriched BIM model is useful and accurate.
Facilitating collaboration among these diverse stakeholders involves several key aspects.
For example, effective communication channels are established to facilitate dialogue among
different disciplines. Also, information from various sources, such as archival records,
historical documents, surveys, and scientific analysis, is integrated into the heritage BIM
model. This comprehensive dataset provides a holistic view of the heritage site and its
condition. Moreover, the collaboration is an iterative process wherein feedback from
different stakeholders is incorporated into the BIM model. This ensures that the model
remains accurate and up to date throughout the conservation process [16].

Likewise, the utilization of the information in the heritage BIM model by different
disciplines involves various applications. This can be via utilizing BIM to assess the
condition of heritage structures, plan conservation interventions, and monitor erosion over
time and incorporate heritage data into architectural designs, renovations, and adaptive
reuse projects while ensuring compliance with conservation principles as well as analyze
structural integrity, perform risk assessments, and develop mitigation strategies based
on the information provided by the BIM model and access historical documentation and
contextual information embedded in the BIM model to conduct research and interpret
the site’s significance. Moreover, we can reap benefits from the collaborative efforts by
gaining access to accurate and comprehensive information for decision-making, policy
development, and public engagement initiatives [17].
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Figure 4. Harnessing HBIM workflow.
The Aim

The aim of this paper is to develop and demonstrate a methodology for heritage
building information modelling (HBIM) that can be broadly applied to the documentation
and preservation of cultural heritage architecture. Using Ad Deir, a significant historical
structure in Petra designated as a UNESCO World Heritage Site, as a case model, this
research illustrates how HBIM can enhance architectural documentation, structural analysis,
virtual restoration, and long-term environmental impact modelling. This methodology
facilitates collaboration among multidisciplinary teams, including architects, historians,
archaeologists, and engineers, for effective preservation and restoration projects across
various cultural heritage sites.

2. Literature Review

The architectural preservation and documentation of cultural heritage sites stand out
as paramount endeavours in safeguarding the legacy of our past. Within this realm, the
integration of innovative technologies has significantly revolutionized the methodologies
and precision employed in capturing and conserving these invaluable treasures. This
literature review delves into the convergence of two pivotal realms—3D reality capture
approaches and building information modelling (BIM)—within the domain of heritage
documentation. Focused on the context of Petra’s iconic Ad Deir, this paper scrutinizes the
efficacy of harnessing heritage BIM as a means to enhance the architectural documentation
process. Through a comprehensive exploration of these domains, this review aims to
elucidate the synergistic potential, challenges, and transformative impact when these
technologies converge in the preservation and understanding of cultural heritage.
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2.1. 3D Reality Capture Approaches in Heritage

This 3D reality capture technique in heritage preservation, utilizing 3D laser scanning
and data processing, represents a revolutionary approach to documenting and conserving
our cultural legacy. Three-dimensional laser scanning, a non-invasive and high-precision
technology, allows for the rapid and accurate acquisition of detailed 3D point cloud data
from heritage sites and artifacts [18]. These data serve as a foundation for the creation of
comprehensive and lifelike 3D models, preserving the intricate details of historical struc-
tures and objects. Advanced data processing techniques, including registration, filtering,
and mesh generation, play a pivotal role in refining the raw point cloud data into precise
and visually appealing reconstructions [19]. By harnessing the benefits of 3D reality capture,
heritage preservation efforts can maintain the integrity of sites, minimize physical intrusion,
enhance documentation accuracy, and facilitate research and virtual visualization, ensuring
our cultural heritage is safeguarded for future generations. Although some challenges exist,
such as equipment cost and data volume, continuous technological advancements and
research will undoubtedly propel the field of 3D reality capture further, revolutionizing the
way we approach heritage conservation and research [20].

The 3D reality capture approaches can be categorized into two main methods. The
first method is 3D laser scanning, which entails the utilization of a 3D laser scanner to
capture intricate 3D data of the building’s surface geometry, including its roof, walls,
windows, and other features. This process involves emitting a laser beam from the scanner,
which reflects off the surfaces of the building. The scanner’s sensor then records the
reflection and measures the distance from the scanner to each point on the building’s
surface [14]. Moreover, terrestrial laser scanning is an automated measurement method
used to determine the 3D surface coordinates of a selected object. The output data from the
laser scan is displayed as a point cloud, with each point comprising X, y, and z coordinates
indicating the scanned surface. Currently, there are several laser scanning systems offered
on the engineering market, each employing one of three different scanner methods: time-
of-flight, triangulation, and phase comparison [21]. These methods can be advantageous
for metric heritage studies. The variation between these scanner systems lies in how they
compute 3D coordinate measurements. For instance, in the case of the triangulation type,
the scanner employs laser beam points on the object’s surface, which are captured using
one or more cameras [22]. The second approach is photogrammetry, which is a powerful
3D reality capture approach that has found numerous applications in the heritage and
cultural preservation sector. It involves the use of photographs or images to create accurate
and realistic 3D models of real-world objects or environments. In the context of heritage,
photogrammetry is particularly valuable for documenting and preserving historical sites,
artifacts, and buildings [20]. Furthermore, photogrammetry is used to capture detailed
3D models of archaeological sites, allowing researchers to preserve the site’s condition at
a specific point in time. These models can be used for analysis, virtual reconstructions,
and dissemination of information to the public. Moreover, it can be noted that historic
buildings and structures are at risk of deterioration over time. Photogrammetry can be
used to create accurate 3D models of these buildings, serving as a record of their original
state, and supporting restoration efforts [23]. Additionally, photogrammetry-generated
3D models allow users to experience heritage sites or artifacts in immersive VR or AR
environments. This enhances educational opportunities and visitor engagement [24]. It is
important to note that photogrammetry does have certain requirements for optimal results.
High-quality cameras, proper lighting, and accurate camera positioning are crucial for
obtaining accurate and detailed 3D models. Additionally, post-processing software is used
to align and stitch the images together, generating the final 3D representation. The ultimate
results can be utilized to generate detailed engineering drawings, maps, and other visual
representations of the building’s structure, encompassing its geometry, dimensions, and
surface characteristics [14].
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2.2. Building Information Modelling (BIM) in Cultural Heritage

HBIM, abbreviated from ‘heritage building information modelling’, is an advanced
process that entails constructing a digital portrayal of a heritage building or structure
through the utilization of building information modelling (BIM) technology and tools.
This digital model contains comprehensive information about the building’s architecture,
construction, materials, and historical significance. Additionally, it includes data about the
current condition of the structure and its maintenance requirements. The application of
heritage BIM extends to supporting preservation, restoration efforts, and ongoing man-
agement of these valuable heritage buildings [25]. Heritage BIM relies on an interactive
engineering 3D model, typically based on a combination of terrestrial laser scanning data
(TLS), architectural photogrammetry, and cultural heritage data [26]. Through this ap-
proach, heritage BIM can automatically generate technical drawings and orthographic
views, sections, and 3D models of the heritage buildings. In the context of the heritage
conservation and preservation sectors, heritage BIM proves to be immensely beneficial.
Firstly, it enhances the understanding of heritage site and their historical context. This
technology enables researchers and experts to gain insights into the building’s materials,
construction techniques, structural aspects, and even any existing pathologies [14]. Her-
itage BIM facilitates a thorough analysis of proposed renovations and changes before final
decisions are made as well as ensuring that any interventions are carefully planned to
preserve the building’s authenticity and historical significance. It also assists with ongoing
maintenance, as it provides valuable information for budgeting repairs and maintenance
activities. Additionally, by using free viewer applications, heritage BIM allows for a broader
public engagement, as models can be accessed and explored remotely from various loca-
tions [25]. Introducing cultural heritage information about the Petra heritage site further
enriches the heritage BIM process [25,26]. This enables the development of detailed insights
into the building’s construction methods and material compositions. By employing various
program platform management techniques, prototypes of libraries with parametric objects
can be seamlessly integrated into the photogrammetry and point cloud data, enhancing
the overall heritage BIM process [14]. Heritage building information modelling (HBIM)
represents a cutting-edge approach to preserving and managing heritage buildings. By
combining advanced technologies and cultural heritage data, HBIM not only helps to safe-
guard these architectural treasures but also facilitates informed decision-making, efficient
maintenance, and wider public engagement with our rich heritage.

Indeed, BIM plays a key role as a BIM as a game-changer in heritage preservation.
For example, BIM offers several advantages that make it a powerful tool for heritage
preservation [27-30], which can be described as ‘comprehensive documentation’. BIM
enables the creation of detailed and accurate digital representations of heritage structures,
capturing not only their physical dimensions but also their historical context, materials, and
construction techniques. This comprehensive documentation is essential for understanding,
preserving, and managing cultural heritage sites. The use of BIM facilitates precise mea-
surements, analysis, and simulations, allowing researchers to assess the structural integrity
of heritage buildings, analyze deterioration, and develop informed conservation strategies.
BIM models provide valuable insights into the condition of heritage structures, helping to
prioritize conservation efforts and ensure their long-term preservation.

Moreover, BIM fosters collaboration among multidisciplinary teams involved in her-
itage preservation, including architects, historians, archaeologists, conservators, and en-
gineers. By providing a common platform for data sharing and communication, BIM
facilitates the integration of diverse expertise and perspectives, leading to more effective
conservation outcomes [31].

Furthermore, today huge quantities of software support BIM. For example, Autodesk
Revit is a widely used BIM software in the building industry [32]; other tools like 3DS
MAX also offer powerful capabilities for creating 3D models and visualizations [33,34].
In the context of heritage BIM, the choice between Revit and 3DS MAX can impact the
workflow, capabilities, and outcomes of the study. In fact, Revit is specifically designed for
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building design and construction, offering advanced BIM functionalities such as parametric
modelling, data interoperability, and collaboration tools. Its seamless integration with
other Autodesk software and BIM standards makes it well-suited for heritage preservation
projects where BIM processes are employed. On the other hand, 3DS MAX, while capable of
producing high-quality visualizations, may require additional steps for data conversion and
integration with BIM workflows [34]. Moreover, Revit’s parametric modelling capabilities
enable users to create intelligent 3D models with detailed information about building
components and relationships. This facilitates data enrichment and analysis, essential
for heritage documentation and conservation [35]. In contrast, 3DS MAX is primarily
focused on visualization and may lack the parametric modelling features required for
generating intelligent BIM models. Additionally, Revit’s native file format and support
for industry foundation classes (IFC) ensure interoperability with other BIM software and
data exchange standards, facilitating collaboration among stakeholders [36]. While 3DS
MAX offers compatibility with various file formats, interoperability with BIM platforms
may require additional effort and may not support the seamless exchange of intelligent
BIM data.

2.3. Enhancing the User Interaction Experiences in Heritage Site

One of the most interactive experiences for heritage sites can be via virtual tours. Three-
dimensional models created from laser scanning and photogrammetry can be integrated
into virtual tour platforms, allowing users to explore Ad Deir in a highly immersive manner.
Visitors can navigate through the site from the comfort of their homes, experiencing the
monument from different perspectives and angles [15]. Also, heritage BIM data can enhance
virtual tours by providing interactive elements within the 3D model. Users can click on
specific architectural features or historical artifacts to access additional information, such
as historical context, construction techniques, or conservation efforts [37]. This interactive
approach fosters engagement and deepens users’ understanding of the site’s significance.
Moreover, virtual tours can incorporate guided narratives or audiovisual presentations,
offering curated experiences led by experts or historians [38]. These narratives can provide
insights into the historical context of Ad Deir, highlighting key architectural features,
cultural significance, and stories behind the monument’s creation.

Three-dimensional models and heritage BIM data can serve as valuable educational
resources for students and educators [39]. Schools and universities can integrate these
digital assets into their curricula, allowing students to engage with cultural heritage in
a dynamic and interactive manner [40]. Educational modules can cover topics such as
archaeology, architecture, history, and conservation, providing a holistic understanding of
Ad Deir and its place in history. Moreover, the educational applications can enable students
to interact with 3D models of Ad Deir, encouraging hands-on exploration and experimen-
tation. Virtual labs or workshops can simulate archaeological excavations, architectural
analysis, and conservation practices, empowering students to become active participants in
heritage preservation efforts. Furthermore, gamified experiences can make learning about
cultural heritage more engaging and enjoyable. Educational applications can incorporate
game elements, challenges, and quizzes based on Ad Deir’s history and architecture. By
gamifying the learning process, these applications can capture the attention of younger
audiences and instil a sense of curiosity and appreciation for cultural heritage [41].

2.4. Maintaining the Heritage BIM Database: Strategies and Frameworks

To ensure the regular update and maintenance of the heritage BIM database for Ad
Deir in Petra, Jordan, detailed strategies and technical frameworks are essential. Firstly, this
can be via implement a version control system to track changes made to the heritage BIM
database over time. This system should record who made the changes, when they were
made, and what specific modifications were implemented. Moreover, through utilising
version control software such as Git v. 2.45.1. or SVN v. 1.14.7 (Subversion) to manage
revisions effectively. These tools allow for branching, merging, and tagging of database
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versions, facilitating collaboration among team members, and ensuring data integrity
while establishing clear protocols and workflows for updating the database, incorporating
guidelines for reviewing, and approving changes before implementation. This approach
ensures consistency and accuracy in the data [17].

Secondly, these tools allow for the selection of a reliable storage solution for the
heritage BIM database, ensuring scalability, security, and redundancy. Cloud-based storage
services like Amazon S3, Microsoft Azure, or Google Cloud Storage offer scalable and
secure options for storing large datasets as well as the implementation of regular backup
procedures to prevent data loss in case of hardware failure, system errors, or security
breaches. Backups should be performed frequently and stored in geographically diverse
locations to mitigate the risk of data loss. Sensitive encrypted data should be stored in
the database to protect it from unauthorized access or data breaches. Strong encryption
algorithms and secure access controls should be used to safeguard the confidentiality and
integrity of the data [42].

Thirdly, access control policies can regulate who can view, edit, and delete data in the
heritage BIM database. Role-based access control (RBAC) can be used to assign permis-
sions based on users’ roles and responsibilities within the project team. Authentication
mechanisms, such as username/password authentication or multi-factor authentication
(MFA), can be implemented to verify the identity of users accessing the database. This helps
prevent unauthorized access and unauthorized changes to the data. User activity should
be monitored and database access logs audited to detect any suspicious or unauthorized
behaviour. Access control settings and user permissions should be regularly reviewed to
ensure compliance with security policies and regulatory requirements [43].

Finally, a change management process should be established to document and track
proposed changes to the heritage BIM database. This process should include steps for
submitting change requests, assessing their impact, obtaining approvals, and implementing
the changes. A change log or change register should be maintained to record details of all
approved changes, including the rationale for the change, the affected database components,
and the individuals responsible for implementing the change. Regular reviews and audits
of the database should be performed to identify potential issues, discrepancies, or data
inconsistencies. Any identified issues should be addressed promptly and corrective actions
taken to maintain data quality and reliability should be documented [44].

3. Scan for Heritage BIM Processing for Ad Deir Tomb

The study employs a heritage BIM method for the Ad Deir Tomb in Petra, which
includes data acquisition via 3D laser scanning followed by BIM processing of architectural
elements using Revit Autodesk software v.23.0. The rich and complex architectural features
of ad Deir necessitated multi-sensor recording to trace and accurately model the features at
detailed levels. The heritage BIM model is then enhanced with historical context based on
the extensive research and archaeological evidence [45].

3.1. Data Collection and Preprocessing

Data collection and pre-processing involved the utilization of the Mensi G5100 Laser
Scanner to acquire the surface point cloud data for our investigation. This advanced
scanner boasts a remarkable maximum capture range of 100 m, a wide 360-degree by
60-degree field of view, and an impressive precision of 6 millimetres. Concurrently with
data collection, the scanner’s attached camera captured calibrated video snapshots at a
resolution of 768 x 576 pixels, seamlessly integrating them with the corresponding point
measurements [46]. Given the scale and complexity of the structure, a single laser scan
proved insufficient to cover the entirety of Al-Deir tomb. Consequently, five distinct
viewpoint scans were meticulously conducted to address occlusions and obstructions,
resulting in the acquisition of nearly 6 million points with a ground sampling distance
(GSD) of 3 cm.
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The 3D terrestrial laser scanning process involved the emission of laser pulses from
the scanner, which bounce off surfaces and return to the scanner, allowing for precise
measurements of distance and elevation. This methodology ensures not only geometric
accuracy but also captures detailed texture and color information, providing a comprehen-
sive representation of the scanned object. In the case of Al-Deir tomb, the scanner’s ability
to capture texture alongside geometric data enabled the creation of highly detailed models
that accurately depict the monument’s visual appearance.

Moreover, the versatility of TLS allows for the scanning of large-scale structures with
intricate details. However, due to the limitations of line-of-sight and potential occlusions,
multiple scans from different viewpoints are often necessary to comprehensively capture the
entire structure. This meticulous approach ensures that even obscured areas are accounted
for, resulting in a comprehensive and accurate representation of the architectural features.

Following data acquisition, post-processing steps are undertaken to refine and enhance
the collected point cloud data. This includes noise reduction to eliminate any extraneous
data points and alignment of multiple scans to create a seamless, unified model. Through
the integration of advanced software tools like Cloud Compare v. 2.11.3, the individual
scans are aligned into a single coordinate system, ensuring spatial coherence and accuracy
across the dataset. Figure 5 depicts Ad Deir’s completed model as a coloured point cloud.
Figure 6 depicts the monument’s mesh model.

Figure 5. The 3D point cloud data for Ad Deir tomb. (a) shows the right side of the tomb; (b) shows
the left side of the tomb.

(b)

Figure 6. The 3D mesh model of the monument. (a) shows the left side of the tomb; (b) shows the
right side of the tomb.

3.2. HBIM Implantation Using TLS and Imagery Data

HBIM implementation using TLS and imagery data presents both advantages and
challenges. While the laser scanner captures surface geometry directly, resulting in a high-
density and consistent 3D point cloud representation, it encounters limitations in capturing
cloud colors effectively. Particularly outdoors, the positioning of the scanner relative
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to the attached camera may be suboptimal, leading to variations in lighting conditions
between scans and resulting images, as illustrated in Figure 7a. These inconsistencies
can compromise the accuracy and reliability of the scan-to-BIM technique, especially in
representing surface features of complex structures like the Ad Deir tomb. However,
strategically captured images, taken at ideal positions and moments, offer a more precise
representation of color and facade features, as demonstrated in Figure 7b. To address
these challenges in our methodology, both datasets were imported into the BIM platform.
The TLS-registered point cloud serves as the basis for modeling uniform and regular
components such as walls and columns. Meanwhile, the irregular Nabatean elements
are traced and modeled using independent imagery sources, ensuring a comprehensive
representation of the monument’s intricate features, as depicted in Figure 8. This hybrid
approach leverages the strengths of both TLS and imagery data to overcome the limitations
inherent in each, ultimately enhancing the accuracy and fidelity of the HBIM model for the
Ad Deir tomb. In the HBIM process, additional steps are taken to integrate historical context
and archaeological evidence. This involves extensive research to understand the cultural
significance of the structure and its components. Historical data, including photographs,
drawings, and written records, are incorporated into the model to enrich its informational
value. By contextualizing the architectural elements within their historical and cultural
framework, the HBIM model becomes more than just a digital representation; it becomes a
tool for preserving and interpreting heritage assets for future generations.

(@ (b)

)
A

Figure 7. (a) Imagery from laser scanner. (b) One of the independent images used for accurate
BIM tracing.
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Figure 8. Import scanning data and imagery for BIM tracing and modeling of Ad Deir
architectural elements.
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When moved into Autodesk Revit, the HBIM model of the Ad Deir tomb is further
refined and detailed. Utilizing Revit’s robust capabilities, a family library specific to
the architectural elements of the tomb is created, as depicted in Figure 9a. This library
includes a wide range of parametric families tailored to accurately represent the unique
features of the structure, such as intricate carvings, ornamental motifs, and structural
components, depicted in Figure 9b. Each family is meticulously crafted to ensure accuracy
and consistency throughout the model. Within Revit, the TLS-registered point cloud data
serves as a reference for modeling the overall structure, providing precise dimensions
and spatial relationships. The Revit families from the created library are then strategically
placed and aligned within the model, adhering to the layout and composition observed in
the point cloud data. This iterative process involves careful adjustment and validation to
ensure that the HBIM model faithfully reflects the architectural intricacies of the Ad Deir
tomb, as depicted in Figure 10. Moreover, Revit’s parametric modeling capabilities enable
dynamic adjustments to the HBIM model, facilitating scenario analysis and adaptive reuse
planning. By creating parametric families with adjustable parameters, stakeholders can
explore different design alternatives and preservation strategies within the context of the
historical structure. This interactive approach fosters collaboration and informed decision-
making, ensuring that the HBIM model not only preserves the past but also informs future
interventions and conservation efforts.

(b)

Figure 9. Creating family blocks in BIM software. (a) inserting the family into the model, and
(b) exporting the family out of the model.

Figure 10. The 3D HBIM of Al-Deir tomb.
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The novelty of this research lies In Its comprehensive approach to heritage preservation
and documentation, combining advanced technologies such as TLS and BIM with tradi-
tional archaeological methods. By integrating multiple datasets and leveraging cutting-edge
software tools, the study achieves a level of detail and accuracy previously unattainable.
This interdisciplinary approach not only enhances our understanding of the Ad Deir tomb
but also establishes a methodology that can be applied to other heritage sites worldwide,
contributing to the global efforts in cultural heritage conservation and management.

4. Results and Discussion

The application of heritage BIM to Ad Deir has yielded promising results. The 3D
BIM model provides a highly accurate as well as detailed representation of the monument,
enabling researchers and conservationists to explore various aspects of the structure re-
motely. The model facilitates the identification of deterioration and potential conservation
strategies, supporting the preservation efforts of this heritage site. Additionally, the interac-
tive BIM model allows visitors to experience Ad Deir in virtual reality, promoting public
engagement and educational opportunities.

The application of heritage BIM for the enhanced architectural documentation of Ad
Deir Tomb in Petra has yielded promising results and can directly provide the engineering
drawings and historical information. This can be shown in Figures 11 and 12. Through
the integration of various data sources and technologies, a comprehensive 3D digital
documentation and heritage BIM model of the monument were successfully created. This
section discusses the key findings and implications of this endeavour. The 3D digital
documentation of Ad Deir Tomb incorporated data from diverse sources, including laser
scanning, photogrammetry, and architectural surveys. These data sources provided a
holistic representation of the monument, capturing both geometric and textural details. The
integration of data was seamless, resulting in a highly accurate and detailed 3D model. This
approach aligns with the principles of heritage BIM, which emphasize the importance of
multi-source data integration for a comprehensive understanding of heritage structures [35].
Heritage BIM offers an immersive and visually rich representation of the Ad Deir Tomb.
Researchers, conservationists, and the public can explore the monument virtually, gaining
insights into its architectural intricacies. The model facilitates the interpretation of historical
and architectural features, supporting educational and research initiatives. This aligns with
the goals of cultural heritage preservation, as it enhances accessibility and engagement with
heritage sites [47]. One of the significant advantages of heritage BIM is its ability to assess
the structural condition of the Ad Deir Tomb. The 3D model enables a detailed analysis of
deterioration, damage, and deformation. By comparing the current state of the monument
to historical records, researchers can identify areas of concern and prioritize conservation
efforts [48]. This analytical capability is invaluable for long-term preservation strategies.

On the other hand, during the project, several numbers of technical limitations and
challenges were associated with the ‘scan to heritage BIM’ methodology. Several factors
need consideration. First are the data collection challenges. One significant hurdle in
utilizing 3D laser scanning and photogrammetry for data acquisition is the complexity of
capturing data from rough and irregular surfaces. The Ad Deir Tomb, being an ancient
structure, likely poses challenges in obtaining accurate data due to its diverse surface
characteristics. Manual intervention may be necessary to identify corresponding points on
such surfaces, increasing the time and effort required for data collection. Second are the
computational demands. Processing large-scale data acquired through 3D laser scanning
can be computationally intensive. The sheer volume of data, especially when dealing
with millions of point clouds, necessitates powerful computing resources and efficient
algorithms for data processing and registration. This can lead to increased processing
time and resource requirements, potentially limiting the scalability of the methodology,
especially in resource-constrained environments. Finally are the software limitations. While
BIM platforms offer capabilities for data integration and modeling, not all platforms may be
well suited for modeling heritage projects with irregular and unique elements [16]. Existing
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family libraries within BIM software may not adequately represent the architectural nuances
of heritage structures like theAd Deir Tomb, necessitating the creation of custom families.
This process adds complexity and may require specialized expertise in BIM modeling.

Figure 11. Providing engineering information via Revit.
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Figure 12. The integration of Historical data within HBIM model.

Moreover, to address these technical challenges, several strategies can be employed.

First are advanced computer vision techniques. Exploring advanced computer vision
techniques, such as feature extraction algorithms and surface reconstruction methods, can
improve the accuracy and efficiency of data acquisition and processing. These techniques
can help automate the identification of corresponding points on irregular surfaces, reducing
the need for manual intervention and streamlining the data collection process. Second is
high-performance computing. Investing in high-performance computing infrastructure
can accelerate data processing and registration tasks, reducing the computational burden
associated with large-scale data sets. Parallel processing and distributed computing archi-
tectures can be leveraged to efficiently handle the processing demands of 3D laser scanning
data. Finally are custom BIM libraries. Developing custom BIM libraries tailored to heritage
projects can address the limitations of existing family libraries within BIM software [26].
These custom libraries can include predefined templates and components specifically de-
signed to represent the unique architectural elements found in heritage structures like Ad
Deir Tomb. Collaborative efforts among heritage practitioners, BIM experts, and software
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developers can facilitate the creation of comprehensive BIM libraries optimized for heritage
conservation projects.

Furthermore, heritage BIM serves as a foundational tool for documentation as well as
the conservation planning. It facilitates the identification of areas with high salt content, a
common issue in Petra’s sandstone monuments [49]. Understanding the spatial distribution
of salts within the monument is crucial for devising targeted conservation strategies.
Additionally, the model aids in identifying vulnerable structural elements, such as eroded
surfaces and unstable sections, which can inform preservation decisions [10].

5. Conclusions

This scientific paper demonstrates the effectiveness of heritage building information
modelling (HBIM) in enhancing the architectural documentation and preservation of cul-
tural heritage sites. Using Ad Deir in Petra, Jordan as a case model, we have illustrated
how the integration of BIM technology with heritage documentation practices can yield
significant advantages, such as data accuracy, comprehensive analysis, and immersive
visualization. These benefits underscore the potential of HBIM methodologies to be broadly
applied across various culturally significant sites worldwide. The research contributes to
the growing body of knowledge on heritage BIM methodologies, showcasing its ability to
create highly accurate and detailed 3D digital documentation and HBIM models. These
models serve as foundational tools for preservation and conservation planning, enabling
the identification of areas of deterioration, vulnerability, and salt content. By facilitating in-
formed decision-making processes and supporting ongoing maintenance and management
efforts, HBIM empowers conservationists, architects, historians, and other stakeholders to
safeguard and promote the architectural heritage of culturally significant sites like Ad Deir.

While the study has yielded promising results, such as the creation of a detailed HBIM
model for Ad Deir, it is important to acknowledge the challenges, including the manual
identification of corresponding points on rough and irregular surfaces. Future research
could explore advanced computer vision techniques to address these challenges and further
refine the HBIM process. Additionally, ongoing monitoring and periodic updates of HBIM
models are essential to track changes in the condition of heritage structures over time. This
approach facilitates adaptive conservation strategies and ensures long-term preservation.
The integration of HBIM with 3D digital documentation techniques has provided a robust
framework for enhanced architectural documentation, aiding in conservation planning
and promoting public engagement with cultural heritage. The theoretical implications of
this study extend beyond architectural documentation to broader discussions on heritage
preservation and digital heritage. By introducing the concept of the ‘scan to heritage BIM’
methodology, this research contributes to the evolving discourse on innovative approaches
to heritage conservation. The integration of diverse data sources into a cohesive HBIM
model enriches our understanding of heritage structures and fosters interdisciplinary re-
search collaboration. From a practical standpoint, the findings of this study have significant
implications for heritage practitioners, conservationists, and policymakers. The creation of
a highly accurate and detailed HBIM model of Ad Deir enables proactive conservation plan-
ning and informed decision-making processes. Conservationists can leverage the model to
prioritize conservation efforts and ensure the long-term sustainability of the monument.

Looking ahead, future research could leverage advanced technologies such as Al,
deep learning, and machine learning to further enhance HBIM model of Ad Deir. By
training algorithms on large datasets of historical and structural information, AI models
could automate the process of data integration, feature extraction, and anomaly detection
within the HBIM framework. Deep learning techniques could be employed to analyse
complex patterns in the structural deterioration of Ad Deir, providing valuable insights
into the underlying causes and informing targeted conservation strategies. Moreover,
the integration of Al, deep learning, and machine learning into HBIM model of Ad Deir
holds tremendous potential to revolutionize heritage conservation practices. By leveraging
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these advanced technologies, we can develop proactive and da-ta-driven approaches to
preserving our architectural heritage for future generations.
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