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Abstract: In light of current risks and environmental impacts, HBIM (historic building information
modeling) offers a highly efficient and interactive method for managing historical data and represent-
ing the current states of ancient clay structures. In this study, traditional geodetic techniques were
employed to digitally locate a structure without compromising its topographic information to createan
accurate model. Tools such as total stations, GNSS receivers, and UAVs were utilized to generate
detailed topography of the study site and its surroundings. An ontology-based data management
structure was also developed to store historical data and site intervention projects, adhering to the
ISO 12006-2 standard. This was achieved through automated scripts in Dynamo softwarev.2.18.1.
A comparison between the point cloud (279 images) and total station data (600 points) revealed a
georeferencing accuracy difference of +/—0.003 m. Consequently, the developed methods can effec-
tively represent similar structures digitally. The proposed ontological structure facilitates automated
storage of internal and external information.

Keywords: total station; point cloud; UAV; drone; ontology; uniclass; HBIM; ISO 12006-2; geomatic;
Huaca Arco Iris; Peru

1. Introduction

Human cultural heritage has been studied over time to identify and comprehend its
intrinsic value for humanity [1]. It has two fundamental well-marked parts: tangible and
intangible cultural heritage; one represents materials, sites, and invaluable art forms, and the
other is the living culture that spreads among people [2,3]. Safeguarding tangible and
intangible cultural heritage allows the preservation and protection of invaluable cultural
heritage for the benefit of all of humanity [4].

According to Poulios [5], conservation aims to preserve heritage, which is seen as
belonging to the past, from harmful present human practices and transmit it to future
generations. Heritage structures and architecture are constantly more exposed than in
previous years. They can be exposed to two different types of risk: human and non-human
risks. Human activities like stealing from cultural sites; direct interaction with human fluids
such as sweat; car smog; contamination from cities and urban areas; constant unidentified
entrances to heritage sites; and even man-made disasters put these buildings at risk. Wars
and neglect often cause irreparable damage to architecture [6].

In line with this, the disorderly unplanned increase in the population, geometrical
constraints, high temperatures, wind tunnel effects, and poorly designed high-rise buildings
lead to population growth where people are not allowed to build and live due to historical
sites that must be preserved [7]. Other non-human risks can include the salinization of
structures and abrasion from water and airflow. Moreover, climate change is an additional
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potential threat, as it exacerbates expected decay rates and contributes to the appearance of
new decay phenomena [8,9]. These continuous environmental effects accumulate; thus,
preserving cultural heritage is becoming harder. Diverse organizations from each country try
their best to delay the effects of the natural laws of deterioration on tangible itemsto
guarantee the transmission of their significant heritage messages and values to future
generations [5].

Revitalizing monuments and architectural entities by finding new ways to use them
is legitimate and recommended if external or internal methods do not lead to disorder
in the structure or character of the whole entity [10]. Specifically, for tangible heritage
like monuments and sites, scientists develop new technologies and techniques to prevent
damage and preserve sites and structures, in addition to restoration processes to bring
decayed items as close as possible to their former conditions [11].

Thus, HBIM (historic building information modeling) has the challenge of represent-
ing the complex forms of historic architecture within a standardized parametric environ-
ment [12,13]. According to Quattrini et al. [14], historical building modeling character-
ization involves various degrees of geometric advancement, corresponding to different
deviation levels between an actual object and its three-dimensional portrayal. Three-
dimensional models generated based on the BIM methodology can be created at different
levels of detail (LOD) and information (LOI). The LOI requires the appropriate develop-
ment of an ontological structure guided by the heritage it intends to preserve and manage,
combined with a 3D model that enables collaboration between disciplines and tools [15].

The present study proposes the utilization of spatial photogrammetry facilitated by the
operation of unmanned aerial vehicles (UAVs) alongside the deployment of total stations
and GNSS geodetic receivers (these sophisticated instruments are employed to georeference
the structure under investigation), thereby enabling the creation of a digital representation
encompassing the structure itself, the surface it occupies, and its surrounding urban envi-
ronment. The primary objective of this model is to offer an innovative approach compared
to previously utilized data collection methods while also serving as an integral tool for man-
aging a structure, including past and future interactions and interventions and planning
the development of its surroundings and modifications necessary for better preservation.

Considering the effects of the current risks and the environment as well as the proposed
benefits of HBIM (explained in Section 2 through a review of different case studies related to

HBIM) and the inherent benefits of the conservation of heritage, HBIM would be excellent
for the development of an efficient and interactive way to manage the Huaca Arco Iris.
As explained by Colosi et al. [16], Chan Chan’s Huaca is protected by UNESCO. The
authors presented the importance of this Huaca and how HBIM is a functional tool and
methodology for the preservation of heritage. They presented the different methods used in
a 2016 survey. At the same time, they discussed the limits of its ontology and the difficulties
presented by data collection when there are limited sources for integration. Proposing a 3D
GIS would also add a new level of complexity and value to the HBIM model, with the aim
of connecting all the city’s historic sites.

Hence, this paper proposes that for the Huaca Arco Iris, the methods presented as
topographic surveys and cloud points can be completely viable for examining an HBIM
model and that an accurate case ontology can be developed to create and manage data
about the Huaca. Section 3 presents the surveying and data collection methods used for
the 3D model and explains the “in-site” work and post-processing. For the ontology, it
presents aspects and characteristics of the Huaca as a heritage structure. At the same
time, it presents a workflow for unifying both presentation steps. Section 4 presents the
results of a UAV/GNSS and total station survey of the structure and its ontology. Section 5
discusses the benefits and limitations of the survey methods and said ontology for the
data collected in the HBIM context. Section 6 proceeds with the evaluation’s conclusions
and recommendations.
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2. Background Research and Study Site

The application of photogrammetry techniques in the context of historic building
information modeling (HBIM) is detailed to review HBIM’s different uses as a conservation,
research, management, and resource tool based on the building information modeling (BIM)
methodology. These studies delve into the intricacies of achieving varying levels of detail
in a model structured within the HBIM framework, shedding light on the complexities and
nuances involved. Furthermore, comprehensive insights into a particular case study are
expanded upon, offering a detailed examination of the conservation efforts undertaken for
an architectural structure under scrutiny.

2.1. BIM and HBIM

Building information modeling (BIM) has been widely utilized in engineering and
construction, with a primary focus on enhancing project efficiency and collaboration [17].
However, there has been a notable shift in perspective towards exploring new applications of
BIM in various other domains. As shown by Diara and Rinaudo [18], BIM facilitates
accessibility of data, documentation, BIM platforms for interaction (common data envi-
ronments), and 3D visualization, as also mentioned by Bustamante et al. Generating a BIM
model reduces the difficulty in managing its construction and the variability of oper-
ational risks [19]. Historic building information modeling (HBIM) is specifically used to
preserve and manage cultural and historical structures. HBIM provides valuable insights
into the maintenance of heritage sites and offers innovative solutions for their long-term
enhancement [20]. The versatility of HBIM is presented via 3D visualization of objects and
structures. It can be used for smaller objects such as vases and paintings, recreating and
integrating data in a more detailed state [21]. It can also be used for massive structures
such as walls, houses, chapels, and cathedrals, with less dense point cloud data. A 3D HBIM
object section primarily consists of mapping BIM objects in a dense point cloud and
configuring a model as a digital data archive [21-23]. Data integration is a vital part of
HBIM, and by using the BIM framework, HBIM includes a digital archive concept of a larger
magnitude. It is a more systematic and comprehensive system for parametric objects that
ensures integrative and interactive experiences for users and researchers [20].

2.2. LOD and LOI in HBIM

HBIM encompasses the aspects of detail and information that BIM provides. The
graphic attributes specify the level of detail (LOD), and the level of information (LOI) is
determined based on the use and study.

In the case of punctual structures, it can be determined with the tools used to gather
information [21]. Otherwise, small objects for reconstruction can be obtained from the
reliability of a model’s surface in specific areas. Derivation from surfaces in models is
carried out via point clouds [24]. Other classifications include an HBIM introduced toa
larger area, considered a CityGML. The scale can determine the LOD and reliability of
real objects represented in an environment, such as houses and parks, and how they are
represented. At the same time, the data introduced to a model contribute to the LOI,
referring to all data that do not have a visual parameter, such as older studies, soil data,
and material data. This level is updated, realistic, complete, and organized as an ontology,
leading to coherence between the necessary data and the model [21].

2.3. Ontology and Data Organization

As mentioned in Section 2.1, a 3D HBIM model can present an accurate visual and vir-
tual representation of a heritage structure [25]. However, the model, as a management tool,
requires information, and according to Chamochumbi et al. [26], managing all the informa-
tion produced becomes very important for every project’s life cycle and the stakeholders since
itallows the parties to manage the resources and achieve the client’s requirements effectively.
This is seen in the LOI aspect of the model. The ontology oversees the order of the data
inserted into the model and how they operate with one another.
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In [27], the authors explained that the term ontology and its proposed structure can
be the factors that give HBIM an actual use. It can present classifications, definitions,
characteristics, developments, etc. Analyzing concepts and incorporating definitions allow an
HBIM model to transcend the modeling phase and manage stored information. As explained,
the ontology represents the order and presentation of the data introduced to an HBIM model,
leading to comprehensive development with all relevant data needed for any interaction
with a historic structure [25].

2.4. HBIM in Conservation and Management of Historic Sites

This specialized version of BIM, HBIM, considers the unique construction techniques
of the past while incorporating the current structural conditions of the case study it presents
[28,29].

Moreover, HBIM is a multifaceted tool that caters to historic sites’ conservation, man-
agement, and information dissemination needs. It facilitates the integration of traditional
conservation practices with modern technology, thereby ensuring sustainable development
of these invaluable assets. HBIM gives a model the data and accessibility to be appropriately
managed as a historical structure [30,31].

2.5. Limitations and Strengths of HBIM

Despite the numerous advantages of HBIM, it is essential to acknowledge the lim-
itations associated with its implementation. These limitations may include challenges
related to data accuracy, interoperability issues, and the need for specialized training and
complex tailor-made databases and software [32]. On the other hand, the advantages of
utilizing HBIM are vast, ranging from improved decision-making processes to enhanced
stakeholder engagement.

As research continues to explore novel technologies and methodologies, such as sens-
ing technologies, the potential for further advancements in HBIM remains promising. By
addressing its current limitations and capitalizing on its strengths, HBIM can revolutionize
how historic structures are preserved, managed, and utilized for future generations [33]. It
represents a crucial step towards sustainable conservation of our cultural heritage, paving the
way for a more informed and responsible approach to heritage management [34].

HBIM is a conservation tool, a management tool, and an information resource, and
ongoing studies are investigating new technologies and methods, such as sensing [35].

2.6. Data Collection with HBIM

HBIM, as its name suggests, is based on a 3D model that requires previous data collection
for development, as it is based on BIM, which requires the use of parametric objects [36].
These data can come from spherical photogrammetry, a terrestrial laser scanner, a drone flight,
a total station, etc. [37,38], and they should be chosen depending on the level of detail the
model requires. At the same time, satellite images can be used to create a georeferenced
point cloud. Using GIS programs like ArcGIS or QGIS, this cloud can be transformed into a
shape file, while adding a DTM (digital terrain model) and low-polygon parametric objects
such as city structures can turn it into a CityGML [39,40]. In agreement with HBIM, this
CityGML can ultimately be introduced to the HBIM platform for better comprehension of its
state [41].

Atthe same time, HBIM requires the use of a structure. Asin BIM, it is based on the
use of family types, shapes, parameters, etc. The objective of HBIM is to maintain the history
and culture of a structure while creating a structure for integrating data related to the
structure, including reports, intrinsic structural data (material, resistance, soil type, etc.),old
interventions, photographs, old documents, etc. This structure should be centralized in an
easy and accessible way.
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2.7. Study Site

Chan Chan has been considered a culturally important place for many years, so the
state authorities and the Ministry of Culture designated an area for the main site within
this archaeological complex and buffer zone.

For this study site, the Huaca “Arco Iris” was selected as the structure of interest
because it is near urban development and the city of Trujillo. It features numerous carvings
on its exposed walls and a ramp that can be seen directly from the entrance and reaches
a height of around 10 m. It has been affected by various factors, such as coastal winds,
salinization, and erosion from rain.

This Huaca is found within this complex. The Huaca is located 3.5 km from the Pan-
American Highway in the Moche Valley, close to the northern coast of Peru. Its coordinates are
8°04'35.30 S and 79°02'56.00 W. Internally, it covers an area of 3245 m?, with a perimeter length
of approximately 228 m. An aerial photo is presented in Figure 1; it shows the location of the
Huaca in an urban context.

Figure 1. Aerial photo of Huaca Arco Iris’s structure and urban context. Distance: 6.50 km from
the coast.

The first platform is compact and forms the core of the building, with a floor area
of 777 m? and a height of 4.50 m. The second platform, built on top of the first, is also
compact. It has an area of 366 m? and a height of 3 m. It includes fourteen aligned rooms
or inaccessible cubicles, measuring 3 by 2 m, surrounding the first platform: five to the
southwest, four to the southeast, and five to the northeast [42]. Access to the top of the
first platform is via a central ramp interrupted by a landing, while the second platform is
reached by ascending the first section of the ramp, which then splits into a peripheral path.

It is important to note that as part of the city of Chan Chan, it is protected as part of the
“Chan Chan Cultural Heritage of Humanity” by UNESCO and the “Ministerio de Cultura
del Pert” due to its cultural importance locally and around the world [43].
Developing a CityGML and HBIM for the future of Chan Chan and all Huacas in Peru
is the next step in ensuring the safety of the data stored at these cultural and historical
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sites [36]. Satellite images and data collected via topography methods like GNSS can be
useful in obtaining a realistic representation of a structure and its surroundings [44].

At the same time, an updated CityGML with continuous new satellite images canbe
used to observe and react accordingly to the growing rate of urbanization and its impacts
[45,46].

Moreover, a model in a CityGML of the study site, like any CityGML model, can be used
for future planning and control of the city of Trujillo and the surrounding area, linking new
projects in the IFC format to the CityGML after being transformed to accommodate a
common coordinate reference system. As Chan Chan is a coastal city, the model can simulate
and foresee possible damage to nearby structures and populations during natural disasters
such as floods or tsunamis [47].

3. Materials and Methods

As an applicative and qualitative study, this research is considered a digital model of
a past study [15]. It was carried out to improve modern survey methods and to determine
how a different approach can improve the final state of the model and its surroundings.
This article proposes that it is possible to obtain the data needed for a 3D model using
survey methods to generate an HBIM model and preserve a structure.

This research followed the workflow presented in Figure 2. This section explains this
workflow in detail, starting with the bibliography selection process, elaborating key points of
interest for this research, and a review of past studies. Then, the workflow for the 3D model
is explained, considering data management with the ontology, data processing as a point
cloud, and digitalization into a 3D model. In this way, the HBIM model was finalized.

3.1. Study Collection

A search was conducted on academic research platforms such as Scopus and Google
Scholar to determine which method is more accurate and reliable for structure representa-
tion using GIS methods. The following keywords were used: HBIM, GIS, photogrammetry,
CityGML, satellites, and images. On the other hand, the following keywords were used for the
data structure: ontology, Dynamo, and Omniclass. At the same time, the publication dates
could not be older than 2010 to ensure that updated information and methods were obtained
(the exact search terms for each search are presented in Figure 2). The results had to be
related to specific parameters allowed in the software that would be used. Then, a second,
deeper filter was applied to focus the research on the case study. This was intended to analyze
research methods that had previously been applied to improve the results with modern
technologies using a combination of data collection methods. The parameters used for the
deeper filter in indexed articles that referred to HBIM and point cloud information were as
follows: articles/conference papers were selected to limit the types of documents, and
engineering/computer science was selected in the sub-journal area. A similar process was
applied for documents related to Huaca Arco Iris: the search included Ministerio de
Cultura del Peru (MINCUL), Direcciéon Desconcentrada de Cultura de La Libertad (DD-
CLL), Proyecto Especial Complejo Arqueoldgico Chan Chan (PECACH), and the website
Plan Maestro de Chan Chan: HUACA “PECACH”.

3.2. Selection of Data Related to HBIM Investigations
3.2.1. Selection of Data Related to HBIM Investigations

After reviewing the literature, it was found that using high-resolution imagery and
conducting intensive field surveys were crucial for achieving accurate results when creating
HBIM models. For this reason, first, the use that would be given to the HBIM model was
determined, as were the information collection methods and tools that would be used to
process the digitalization of the geometry of the structure and its integration with the
historical information. The selection of modern technologies and non-invasive methods and
the need for georeferenced accuracy led to the choice of aerial photogrammetry using a
UAV, the compound geometric leveling of a closed traverse method, and their respective
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tools due to in situ drawbacks such as cover above the internal structure, not being allowed
to damage the structure, a perimeter surrounded by vegetation, the urban location, and the

variability of the weather conditions during summer.

Main Steps Detailed Procedures Results
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S 1.1 Questi methods?
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Figure 2. Workflow of entire work followed by researching, in situ work, and results.
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3.2.2. Aim of Use

According to Colosi et al. [16], digitalization of bas-reliefs and entry into a digital
geometric structure model were presented. However, due to disorganized urban expansion,
historical local climate conditions that damaged the structure, and the need to preserve the
status of the study site and its historical data, the objective of the HBIM was to preserve
the monument through georeferenced digitization of the monument, its surroundings, and
information on projects that have been carried out to slow down the progressive
deterioration of the monument.

3.2.3. Survey Methods for HBIM

GNSS, total station, and non-invasive control points before UAV photograMMetry

This section describes the method and tools used to obtain raw data to georeference
the structure and its urban surroundings. The first step was to set up ground control points
using square paintings and metal plates, which could be identified easily in the aerial
photographs. It is important to remember that invasive methods that could damage the
structure and its surroundings were not permitted. Six points were marked and distributed
in such a way as to allow the majority of the structure to be captured. Two control points were
marked on the warehouse roof, named Alfa and Bravo, and the next four points, named
Charlie, Delta, Eco, and Full, were marked on the surface around the structure.

In Figure 3, an aerial photograph shows the placement of all control points. In total,
four mutually visible geodetic points were established. The reading time for each point
was at least two hours. Readings were recorded every second and post-processed with
information from the National Geodetic Network, specifically information from the
Permanent Tracking Station ERP La Libertad (National Code: LL02).

A A LAy

Figure 3. Establishment control points and vertical control point location for compound geometric

leveling of closed traverse.

Point “ALFA” was 81.0379 m above sea level. Based on this elevation, the elevations
at all other points were established. The method used to establish these elevations was
compound geometric leveling of a closed traverse. The maximum allowable error for this
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work was +/ 6.003 m (three millimeters). This margin of error was chosen because sandy
ground generates a high level of error in geometric leveling works.

UAV IMaging

A DJI Phantom UAV with a Hasselblad camera (model L1D-20c) was used. During the
flight, the camera settings were as follows: sensor, ISO-100; focal distance, 10 mm;
maximum aperture, 2.971; compensation for exposure, 0; time of exposure, 1/320 s; point
f/5; no flash; and no compensation for the signal-to-noise ratio (SNR). The autonomous
flight lasted approximately 30 min. A portable GPS and control points georeferenced with
Permanent Tracking Station ERP La Libertad obtained in the previous work were used
during imaging. The UAV could measure points using a GNSS such as GPS or GLONASS.
However, because the climate parameters precipitation, temperature, wind speed, and
humidity were changing constantly due to the summer season, it could not produce a
point cloud with significant precision. Therefore, according to the meteorological forecast
from “Servicio Nacional de Meteorologia e Hidrologia del Pera—-(SENAMHI)”, the planned
flights were scheduled on the weekend. This plan is presented as part of building the
HBIM model. A flight to take a photo of the Huaca Arco Iris structure and its surroundings
(Figure 4) was planned for an early weekend morning. The lens was set up with an FOV of 85°.

‘\“ Svp: Ads,

|w—<

th

DILOMG DI02R7

-v “av
o o P
- i % ¢
o ] DU S

Figure 4. Images taken in the second flight. The number indicates the elevation in post-processing to
obtain a digital elevation model (DEM) and digital terrain model (DTM).

The flight plan consisted of parallel flights with a northeast orientation. The first flight
had a height of 80 m; this allowed us to obtain a detailed point cloud and a digital terrain
elevation with less than 2 m of equidistance. Lesser equidistance in a DTM can provide a
precise surface of contour lines. In the second flight plan, the UAV was set up to fly at a
height of 20 m. According to the first plan, in this plan, the FOV of the camera remained
at 85°. The flight plan also included capturing images of the surrounding urban context
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and the monument itself, providing a comprehensive overview of the area. Similar to the
images presented previously, they could distinguish the surroundings.

Digitalization and Modeling with Data Integration

Processing iMages froM two UAV flights

In this process, all images from the two flights were processed with the software Agisoft
Metashape 2.1.2, a professional tool for photogrammetry. This software identified the photos
and their parameters and corrected the distortion due to the distance between the drone and
the surface where the image was taken. Further, this software could identify the
georeferenced control points obtained by the GNSS, so it was possible to obtain digital
elevation and digital terrain models. Both sets of images had less than 5 mm of error. As
presented in Figure 5, there were some areas in different parts of the terrain and the structure
itself that the drone could not capture; this problem was due to the trees surrounding the
Huaca. There was a huge gap inside the perimeter walls of the primary enclosure because
a bamboo structure covered and protected the internal storage. Therefore, detailed imaging
of this storage could not be generated via drone photogrammetry because there was no
terrestrial laser scanning (TLS). Still, generating an approximate georeferenced model with
a total station was possible.

DJLO004 DIIL00OS DJ1_0006 DJLo007 DJI_0008 DJI_.0009 DJI_0010 DJLO011 DIL0012

Figure 5. Images processed and 3D point cloud created with elevation range indicator.

Creation of data structure for ontology

Next, the data structure for the ontology was created. This process was based on pre-
defined and standardized Revit table content named Uniclass (The Unified Classification
for the Construction Industry), also known as BSISO 12006-2.

At the time of this research, the authors did not find a standard classification for
information in HBIM models of clay structures in Peru. Therefore, we followed the structure
classification set by Uniclass and presented by Del Savio et al. [41] and adapted it to the
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case study. Hence, there were three main structures at the study site: the external perimeter
walls, the internal storage and main platform, and the two ramps.

The authors also propose specific parameters named shared parameters, which follow
similar features between walls, ramps, and platforms. These features are also classified
based on the following fields: material, structural state, superficial state, and projects
involved. Figure 6 identifies the general parameters that were added to the Revit model.

North West

i
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Orientation

L West

East

:

Wall Family —— Parameter

[— Length

I— Dimensions Width

L | Depth

Reference X
4@

Reference Y
High Relief Photography Referral Link

Conservation

Status
3 Ten

Numeric

Alphanumeric

Figure 6. Ontology proposal to historical data management for typical wall information.

4. Results

The 3D modeling was a product of two different surveys of the structure, both using
GNSS-based points. The total station primarily focused on a back-to-front view and
measurements, and the UAV collected the cloud point data. The surface created for the
DTM and DSM and the proposed ontology structure were inserted as parameters in the 3D
model, creating an HBIM model.

4.1. Three-Dimensional Modeling and Survey Results
4.1.1. GNSS Control Points

Below are the obtained control points and their locations on the ground presented in
Table 1 and in Figure 7.

Table 1. Control points georeferenced and LLO2.

ID East (m) North (m) Elevation (m)
ALPA 714,975.0422 9,106,652.3964 81.0379
BRAYO 714,993.4364 9,106,661.1549 81.4043
CHARLIE 715,029.9308 9,106,702.4503 79.3935
FULL 714,961.0159 9,106,709.9317 78.8950
LLO2 716,050.1929 9,104,316.8894 41.2224
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Figure 7. Control points shown in situ.

4.1.2. Data Survey via Total Station

The process continued with these control points as mentioned and presented in Figure
7, the base of this study, after selecting strategic points for the survey. The measure- ments of
the walls on the outside of the structure each used eight points. The 600 points collected with
the TS are presented in Figure 8 as a 3D model in .dwg format. The UTM coor- dinates of these
points had a margin of error of +/—0.003 m. After processing, these points were divided based
on the wall they were a part of for better order and understanding. From M.1 to M.5, these
data were exported into Revit to integrate the ontology.

Figure 8. Perimetral wall points taken by Total Station. Walls sectioned and named to apply ontology
parameters.

4.1.3. UAV Survey

The second survey was carried out via a drone flight, the path of which is shown
below (Figure 9). As presented in Section 3.2.2, the integrated camera in the UAV was
capable of collecting the necessary data with the detail required for the cloud points.
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Figure 9. Orthophoto and DEM.

While considering the base control points elaborated in the first survey via GNSS, the
drone’s flight path went over the entire structure. The drone obtained an accurate
representation of the exterior walls, taking two flights that generated 279 and 278 images,
respectively. Accounting for the up-to-date weather forecast from “Servicio Nacional de
Meteorologia e Hidrologia del Pera-(SENAMHI)”, the first flight was taken at a height of
80 m at an early hour for better clarity with an FOV of 85°. The second flight, while taken
on the same date at the same hour with the same FOV, was taken at an altitude of 20 m.
The terrain elevation gathered from this survey created contour lines with less than 2 m of
equidistance.

4.2. Ontology and HBIM
4.2.1. Ontology Structure and Integration of Data in a 3D Model

The ontology structure elaborated for the shared and specific parameters classified the
data as follows: material, structural state, superficial state, past interventions for shared
parameters and bas-relief, dimensions, and orientations for specific wall parameters.

The data collected via the web and direct communication with the MINCUL were
integrated into the HBIM model. These were primarily data that the researchers could not
collect, such as intrusive or specialized samples and processing and previous activities.

4.2.2. Data Structure, Collection, and HBIM

The details of the ontology elaborated in Section 3.2.3 were obtained and inserted into
the 3D Revit model via Dynamo, as shown in Figure 10.

The resulting ontology that was inserted into the model was created using a new set
of object parameters. As observed within the methodology, the inserted parameters were
classified as “text”, “number”, or “alphanumeric” and were selected based on their usage.
For the specific “External walls family”, the orientation, dimensions, and bas-relief
were inserted. The “shared parameters” used in this model were “material”, “structural

condition”, “superficial state”, and “additional projects and interventions”.
Starting with the orientation, for the external walls in this case study, following the
traditional cardinal directions, four general directions were selected (east, west, northeast,

and southwest), and they were inserted as text values.



Heritage 2024, 7

4975

[ ‘] File Path

@ Data.ImportExcel

Code Block

mm List.RestOfltems 7 List. Transpose ['] Code Block

List.IndexOf

© Parameters.BIPGbyName

groups

AUTO

('] Code Block
© SharedParameters.Flat .

paramDefs

iramNames

groupDefs

groupNames

AUTO

Figure 10. Ontology proposal created for wall parameters for historical data management in Dynamo.

On the other hand, the dimension parameters considered the average lengths of the
four pertinent edges of each dimension as numeric values in meters, resulting in three
numeric parameters per object.

The location parameter defined the average X (horizontal) and Y (vertical) position of
the bas-relief on the wall surface with the reference point of the lower left axis as (0,0). It
was considered a numeric value and was entered for each instance of bas-relief on the wall’s
surface. In the case of the photographs, hyperlinks were created via alphanumeric entry.
Finally, the state of conservation included a text-based entry for a superficial review of the
status of the bas-relief and a hyperlink to an earlier study, intervention, or restoration effort.
For the shared parameters inserted into the model, the material was an adobe material
extracted from the PECACH database, as the investigators could not directly extract a
sample from the heritage building. For the grades of the parameter “Structural condition”,
we observed the 3D data collection and the images. Based on the PECACH studies and
data, we selected from three levels of impact (“Low”, “Medium”, and “High”), depending
on the fractures and fissures that were visibly present.

Next, the superficial condition, which was primarily intended for low risk and, in

some cases, damage caused by salinization or abrasion, was determined depending on its
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characterization and severity. The grades for this parameter were “Superficial”, “Moderate”,
and “Immediate”.

Finally, for additional interventions, we curated and selected data collected from the
Master Plan of Chan Chan and defined and inserted the codes of said work.

5. Discussion
5.1. Total Station, UAV, and GNSS during Survey

When the data exported from the TS, which are presented in Section 4.1.2, were
integrated into the HBIM model, it was upgraded by the precision provided by the TS
survey method. The integrated points indicate that a TS would be recommended near
a bas-relief, as it would provide more accurate locations. While a TS is not suited for
a massive survey with a large database of points, its ability to provide readjustments,
georeferencing precision, and preferable data for cleaning up a point cloud provided by a
UAV should be considered. At the same time, it is important to evaluate the more intensive
time and resource expenses that come with the accuracy of this method.

As presented in Section 4.1.3, the second drone flight also provided additional in-
formation, a view of the structure’s surroundings, and point data of the surrounding
structures. From these data, a DTM was formed, which included the nearby urban context,
providing a more complete and comprehensive view of the structure’s status and position.
It is important to note that with less equidistance, a DTM can obtain a precise surface of
contour lines.

5.2. Ontology Development and Integration in a Cultural Heritage Setting

Referring directly to the elaborated ontology, as stated in Section 3.2.3, its objective
was to be a data structure for the HBIM model. As such, the integration of parameters into the
model via Revit was set as the tool provided. During the integration of the parameters, we
integrated the specific parameters elaborated for this case study, such as the orientation of
the wall, superficial state (which included the state of the whole wall and the states of
specific bas-reliefs of cultural importance), materials, past interventions, and direct links
to their archived data. The selected parameters supported the conservation efforts by
specifying old interventions and directly presenting data of interest and direct hyperlinks
to photographic records.

6. Conclusions

The conclusions break down the ideas of HBIM into two sections. The first section is
primarily about surveying using a UAV and a total station, including the considerationsand
facilities each method can bring to an HBIM model. The second section emphasizes the
ontology’s importance and the features given by the tools used when surveying a Huaca.

6.1. UAV and Total Station Surveys—LiDAR and Terrestrial Lasers as Considerations

Both survey methods prove useful for creating a model, but they have different limita-
tions on their capabilities. Given the importance of a survey to a 3D model, alternatives might
be of interest, like a UAV-LiDAR system.

Starting with the UAV survey, the structure type and state must be considered. The
surface area limits what a UAV survey can realistically capture and process. Any structure
blocking its line of sight needs to be worked around, or the model of the structure will not be
completed. At the same time, other considerations for UAVs are the weather forecast and
different environmental factors, such as wind, rain, extreme sun, or dim light. As
explained by Pepe et al. [38], while a perfect time is not required, the quality of the point
cloud can be affected. While UAVs can provide a greater level of detail, if continuous
weather/shadow-sunlight interventions occur, quality will suffer. As commented by Del
Savio et al. [48], LiDAR could be an alternative in cases of greater plant density or abrupt
variations in light and shadow in a small area.
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Additionally, UAV surveys benefit from ease of use, data collection, and detailed
images. A UAV survey can provide hundreds of points in 30 min if the resources are
available and the conditions are right. This provides far more data to process and refine.
Another advantage of UAV surveys is their ability to efficiently collect data from the
surrounding area and surface with minimal effort [49].

A TS survey gathers fewer points and requires more time investment for each view.
For studying a surface, in comparison to a TS, a drone is much faster and more precise. In
this study, it took approximately half a day to comprehend the area needed. Movement
difficulties are an important factor during method selection.

Considering previous work and planning for points of view, control points, etc., is much
more time-consuming. It also requires elaborating a GNSS control point to develop the
topological survey, which can be integrated into the TS to facilitate the process. At the same
time, terrestrial laser scanning via digital cameras is another method to corroborate and
gather more points in areas that are difficult for a UAV, indicating that TS studies might be of
less use.

A TS is inherently more precise for each point of a structure; depending on a model’s
needs, this can be useful. To generate a wire-like structure and a preview of a model, a TS
can facilitate precision for volume estimation. A TS can be preferentially used to evaluate
a point cloud created using a UAV, to compare measurements, and to readjust and revise
a UAV’s point cloud and final object/surface using the TS’s precision. The UAV, TS, and
UAV-LiDAR methods must be georeferenced using a control point that accommodates the
UAV for realistic precision.

6.2. Ontology and HBIM Model

Data management defines HBIM models and separates them from basic 3D models of
any structure. The inserted data can help give an HBIM model meaning and use.

As explained in Section 4.2, only the shared and wall parameters were inserted. The
segregation of the sections of the cultural structure facilitated the development of the model,
the classification of information, and, most importantly, the order in which the data were
integrated [36].

In this study, ontology-based modeling of cultural structures and the division of spatial
complexes, such as the sections of the Huaca, created a more exploitable HBIM without
reducing the complexity of architectural heritage. Similarly, Dynamo was a flexible and visual
way to program and integrate the parameters into the 3D model.

In conclusion, UAVs and TSs each have unique capabilities that require careful plan-
ning to achieve optimal precision. While UAVs are more situational and less viable in
enclosed spaces or adverse weather conditions, they excel in collecting large volumes of
data for model generation. Both UAVs and TSs can be advantageous depending on the
specific requirements of HBIM. Their combined use enhances a structure’s accuracy, as
UAVs offer detailed data collection and TSs provide point cloud corrections, resulting in a
more refined and accurate surface model.
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0% Similitud general

El total combinado de todas las coincidencias, incluidas las fuentes superpuestas, para ca...

Filtrado desde el informe

» Bibliografia

Exclusiones

» N.°de coincidencias excluidas

Grupos de coincidencias Fuentes principales

. 0 Sincita o referencia 0% 0% € Fuentesde Internet

Coincidencias sin una citacién ni comillas en el texto N
0%  ME Publicaciones

) 0 Faltan citas 0% 0% & Trabajos entregados (trabajos del estudiante)
Coincidencias que siguen siendo muy similar al material fuente

0 Falta referencia 0%
Las coincidencias tienen comillas, pero no una citacién correcta en el texto

“

0 Con comillas y referencia 0%
Coincidencias de citacién en el texto, pero sin comillas

Marcas de integridad

N.° de alertas de integridad para revision
Los algoritmos de nuestro sistema analizan un documento en profundidad para

No se han detectado manipulaciones de texto sospechosas. buscar inconsistencias que permitirian distinguirlo de una entrega normal. Si
advertimos algo extrafio, lo marcamos como una alerta para que pueda revisarlo.

Una marca de alerta no es necesariamente un indicador de problemas. Sin embargo,
recomendamos que preste atencién y la revise.

itin Pagina 2 of 21 - Descripcidn general de integridad Identificador de la entrega trn:oid:::1:3082287590
¢



zr'j turnitin Pagina 3 of 21 - Descripcién general de integridad

Grupos de coincidencias
. 0 Sin cita o referencia 0%
Coincidencias sin una citacién ni comillas en el texto

93 0 Faltan citas 0%
Coincidencias que siguen siendo muy similar al material fuente

0 Falta referencia 0%

Las coincidencias tienen comillas, pero no una citacién correcta en el texto

“

0 Con comillas y referencia 0%
Coincidencias de citacion en el texto, pero sin comillas

Fuentes principales
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Fuentes principales

0%
0%
0%

@ Fuentes de Internet
RE Publicaciones

& Trabajos entregados (trabajos del estudiante)

Las fuentes con el mayor nimero de coincidencias dentro de la entrega. Las fuentes superpuestas no se mostraran.

o Publicacién

Carlos Antonio Espinoza Brugman, Frank Kevin Neri Caipo, Alexandre Almeida De... 0%
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