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Abstract

The Isabel I dam is a monumental hydraulic structure built in the middle of the nineteenth century in Spain. In this
study, unmanned aerial vehicle (UAV) photogrammetry was used as a data acquisition technique to carry out a survey
of the dam's current state and its surrounding constructions. The point cloud obtained by the photogrammetric
process, together with the collected historical in-formation, served as the basis to generate an historic building infor-
mation model (HBIM) that is the central core containing all the graphical, structural and archaeological information.
The HBIM was validated by means of the As-Built for Autodesk Revit®-FARO® plug-in, and shows the high accuracy
obtained with respect to the point cloud. The results show that with this methodology it is possible to obtain models
representative of reality with an accuracy of +0.05 m. In addition, in order to improve the visualization, texture adjust-
ments are made to obtain a photorealistic rendering of the model.
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Introduction

In recent years, computer tools and resources have
evolved to allow the production of three-dimensional
(3D) models that have become great sources of data for
the reconstruction of elements of forgotten heritage and
their exhibition in museums [1-5]. Therefore, in 1985
UNESCO added virtual reconstruction to the list of pro-
cedures for the conservation and preservation of build-
ings of cultural interest, and in 2006 the London Charter
established the principles of 3D visualisation in the field
of research and dissemination of cultural heritage.
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The main advances in the field of 3D modelling
are related to terrestrial laser scanning (TLS) [6] and
unmanned aerial vehicle (UAV) photogrammetry [7]. It is
possible to use images captured at different heights and
at different tilt angles [8] thanks to the combination of
computer vision and photogrammetry [9]. Several soft-
ware applications make it possible to obtain a 3D model
based on point clouds from photographs taken by any
conventional camera. This is thanks to special algorithms
such as Structure-from-Motion (SfM) [10-12]. The SfM
algorithm provides a point cloud representing the geom-
etry of the object under study, the positions from which
the photographs were taken and the orientation of each
camera [13, 14]. SfM incorporates multi-view stereopsis
techniques [15], which derive a 3D structure from over-
lapping photography acquired from multiple locations
and angles [16] that then have the scale-invariant feature
transform (SIFT) operator for keypoint detection applied

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http//creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-9556-7998
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-021-00571-8&domain=pdf

Martinez-Carricondo et al. Herit Sci (2021) 9:95

to them. This generates 3D point clouds from photo-
graphs. Contrary to classical aerial photogrammetry, SEtM
simplifies the process by eliminating the need for exhaus-
tive camera calibration data or exhaustive planning of the
flight path (furthermore, images from different cameras
can be used). After processing this algorithm, a point
cloud with a relative spatial position and without scale is
obtained. Therefore, it needs to be georeferenced, either
by direct methods through the use of the geolocation
data of the photographs or by indirect methods using
ground control points (GCPs) [17].

According to several studies, the results obtained
through the SfM algorithm allow it to be used as a reli-
able system for acquiring 3D data with accuracies similar
to those obtained with TLS [18, 19]. The morphology of
the area under study defines not only the technique to be
used—TLS or UAV photogrammetry—but also the ease
of access to the area [20]. Indeed, one of the biggest prob-
lems of TLS is the hidden areas that cannot be accessed.
In this case, UAVs facilitate data collection in an efficient
and economical way since they can be equipped with
high resolution cameras that allow a photogrammetric
process based on SfM [21-27]. A simple way to improve
the results obtained by SfM photogrammetry is to use
oblique photographs. This technique allows the visuali-
sation of details hidden in the nadiral views, without the
need to use terrestrial photographs [28, 29].

Regardless of how the dense point cloud is obtained, its
objective is to serve as the basis for developing a build-
ing information model (BIM). Such a model covers not
only the design and construction processes but also the
management of building data throughout the life of the
building. For this purpose, it has been used in recent
years in the construction sector [30], although it is also
being successfully implemented in the management and
documentation of historical heritage [31-37]. For exam-
ple, photogrammetry in combination with BIM could be
presented for the aim of creating a digital twin for the
structural survey and monitoring, in order to improve
the geometrical and mechanical survey of Heritage struc-
ture, reducing the errors in the description of the struc-
ture [38, 39]. From another point of view, BIM can also
be used as a support for structural design by means of
finite element model (FEM) [40, 41].

However, this reverse engineering process requires
considerable time to parameterise the geometric ele-
ments, regardless of the use of manual modelling tools or
plugins that automate the process [42]. The term Scan-
to-BIM incorporates the exploration process by scanning
data in the form of point cloud data (PCD) that contain
geospatial information about the building and its sur-
roundings. Autodesk Revit®, as BIM software, can link
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the point cloud from its own interface or through the
Autodesk ReCap® application [43—45].

Since the point cloud is linked in Revit, the As-Built for
Autodesk Revit-FARO® plug-in is used to carry out the
3D modelling. The plug-in contains advanced modelling
tools, explained in detail later. The components obtained
by applying the developed methodology are used to cre-
ate a library of parametric elements under the concept of
historic building information modelling (HBIM) [46].

The graphic documentation of historic buildings is one
of the most powerful tools for the preservation of their
material cultural values and is the basis of their research,
conservation and dissemination. Beyond research, the
rigorous and complete planimetry of a historic building
is the basis on which to develop any intervention project.
Therefore, the objective of this research is to document
the cultural heritage related to the Isabel II Reservoir, in
Nijar (Almerfa, Spain), that is, the body of the dam, the
administration building, the control tower and part of
the irrigation canals in a single HBIM, supported by the
point cloud obtained by UAV photogrammetry and con-
trasting the accuracy of the model using the As-Built for
Autodesk Revit-FARO® plug-in.

Materials and methods

Figure 1 shows the workflow followed in this research.
In summary, the workflow consists of acquiring, on the
one hand, all the available historical information together
with the technical analysis of the heritage element, and
on the other hand, obtaining the topographic survey of
the heritage element, in our case by means of UAV pho-
togrammetry. From the previous data a BIM model of the
heritage element is obtained using specialized software
for photogrammetry and design. The veracity of the BIM
model must be checked by means of a geometric valida-
tion and, once this is done, the texture of the BIM model
is improved to obtain a photorealistic appearance.

Study site

This research focused on the Isabel II Reservoir, located
in south-eastern Spain, in the province of Almeria and a
few kilometres from the village of Nijar (Fig. 2). It con-
sists of several elements, such as the body of the dam, the
administration building, the control tower and the irriga-
tion distribution canals.

The dam, built in the nineteenth century, stands out as
one of the most spectacular elements of Spanish struc-
tural and hydraulic heritage. It is also a world reference
for arch-gravity dams built in stone [47]. It is approxi-
mately 35 m high and 44 m long; limestone ashlar stones
were used for the exterior surfaces and lime masonry for
the interior (Fig. 3).
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Fig. 1 Workflow followed in this research

On the left bank is the administration building, now
semi-demolished (Fig. 4), which served as the headquar-
ters for the company that built the reservoir, from where
excellent views of the valley can be seen. The dam and
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the administration building are considered the most rep-
resentative of the reservoir, as they are included in the
Water Route of industrial tourism in Nijar.

Historic information

The first foundation works of the dam’s body, carried out
by the private company Empresa del Pantano, date back
to 1841. This project did not contain plans or descrip-
tive reports, so in 1842 the architect Gerénimo Ros
Giménez was commissioned to design the plans and
compile a report on the current state of the works. The
plans were examined and approved by the Royal Acad-
emy of San Fernando on 15th September 1842. On 13th
July 1847, by Royal Order, the reservoir was declared to
be a public utility, and by Royal Decree of 26th July 1849,
the sovereign queen authorised the reservoir to bear her
name: Isabel II Reservoir. The reservoir was finally inau-
gurated in 1850, although the work on the body of the
dam was only completed in 1851. In 1857 all the works
were finished, including the field canal and administra-
tion building.

In 1860, the French engineer Maurice Aymard com-
piled information on irrigation for the publication ‘Irriga-
tions of the south of Spain: studies on the great hydraulic
works and the administrative regime of watering of this
country’ in 1864. For this reason he travelled to Nijar to
compile a report on the reservoir. Figure 5 is one of the
plans drawn up by Maurice Aymard in 1864, which is
the most faithful representation of the actual construc-
tion of the reservoir after its construction. According to
the French engineer, the dam presented certain innova-
tions, one of which was a gate to be operated from above
by means of a transmission rod. He also stated that the

Fig. 2 Location of the study area
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Fig. 3 View perspective of the dam

Fig. 4 View of the reservoir administration building

reservoir’s capacity had been estimated at 15 million
cubic metres, and that it could irrigate 13,000 hectares at
a rate of two irrigations of 500 to 600 cubic metres each,
per year.

The project failed due to errors in the calculations
and due to a lack of hydrological, geographical and

pluviometric studies. In the 1960s, the Isabel II Reservoir
was partially flooded and became completely unusable.
In 1891 the Provincial Board of Health requested the
draining and cleaning of the reservoir. The Isabel II Res-
ervoir, despite not being a success, was an advanced con-
struction for its time, marking a milestone in hydraulic
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Fig.5 ‘Barrage. Reservoir of Nijar'designed by engineer Maurice Aymard in 1864 [47]

engineering; it was featured in numerous international  Point cloud obtained using UAV photogrammetry
engineering and architecture magazines during the sec-  GNSS surveying of ground control points for georeferencing
ond half of the nineteenth century [47]. and accuracy evaluation of photogrammetric products
In order to accurately georeference the project, it is nec-
essary to have a series of targets to serve as GCPs. In this
sense, 17 targets were placed on the downstream face of
the dam in a red A3 format (420 x 297 mm) divided into
black and white quadrants. Figure 6a shows an example

Fig. 6 a One of the targets used in this work; b GNSS receiver base applied to this work
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of one of these targets. The targets’ 3D coordinates were
measured with a global-navigation satellite system
(GNSS) receiver operating in post-processing kinematic
mode (PPK) with its base emitting corrections at a point
near the dam, as shown in Fig. 6b. Both rover and base
GNSS receivers were Trimble R6 systems. The base’s 3D
coordinates, corrected via the Trimble Centerpoint RTX
Post-Processing Service, were 574,909.418, 4,093,250.721
and 372.012 m (European Terrestrial Reference System
1989, ETRS89 and EGMO08 geoid model). In agreement
with the study of [18], this provision of targets ensures
that results are obtained with good accuracy in both
planimetry and altimetry.

Image capture

A DJI Phantom 4 Pro rotary-wing UAV with four engines
was used for photo capture. For precision navigation, the
UAV has an on-board GNSS using GPS and GLONASS.
It also has vision systems at the front, rear and bottom.
These systems allow it to detect surfaces with a defined
pattern and adequate illumination and avoid obsta-
cles with a range between 0.2 and 7 m. The Phantom 4
RGB camera is equipped with a one-inch, 20-megapixel
(5472 x 3648) sensor and has a manually adjusted aper-
ture (from f/2.8 to f/11). The lens has a fixed focal length
of 8.8 mm and a horizontal FOV of 84°. The UAV took
photographs in parallel flight lines, with a high percent-
age of longitudinal and transversal overlap, at a constant
flight altitude and with a vertical camera angle (90°).
However, the use of oblique photographs improves the
estimation of camera calibration parameters [48, 49], and
there are several scientific publications that prove oblique
photographs improve the level of detail in the recon-
struction of the point cloud [50, 51].

Two separate flights were conducted for this purpose.
The first flight obtained a total of 207 nadiral photo-
graphs over 13 passes while on autopilot using the DJI GS
Pro application. The flight altitude was kept constant at
about 36 m above the crest of the dam. The camera took
a shot every two seconds in order to obtain a longitudinal
overlap of 80%. The second flight was conducted without
autopilot, using the pilot’s skill, in order to obtain oblique
photographs that would show all the fine details of the
dam. The flight was conducted at a distance of approxi-
mately 30 m above the face of the dam at seven different
altitude levels. A total of 372 photographs were obtained,
including photographs of the administration building
and the guard tower. By adopting an angle of inclination
of about 45°, the horizon was out of shot. Therefore, the
photogrammetric project was processed with a total of
579 photographs from different viewpoints and at dif-
ferent scales. Figure 7 shows the image overlaps and the
locations of the cameras during each flight.
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Fig. 7 Image overlaps in the study site. All areas are covered with
a minimum of 9 images. The black dots represent camera location
for the nadiral and oblique flights used in the processing of the
photogrammetric project

Photogrammetric processing

The photogrammetric projects were executed with
Agisoft Metashape Professional software version
1.6.1.10009. This software, based on the SfM algo-
rithm, was executed in several steps. The first step
consisted of aligning all the photographs by identify-
ing and tying the keypoints. During the execution of
this process, the software estimated the internal and
external calibration parameters of the camera, includ-
ing non-radial distortions, starting only from the focal
length of the camera (this value is obtained from the
EXIF data of the photographs). In our project, this step
was carried out with accuracy set to medium. Once
executed, the software obtained the scene geometry,
the camera positions and orientation and an estima-
tion of the camera calibration parameters. By using
photographs with geolocation data, the resulting
sparse point cloud was georeferenced. However, geo-
referencing has low accuracy, and GCPs are required
to improve it. A more accurate bundle adjustment can
be obtained with as few as three GCPs and can be fur-
ther improved by increasing the number of GCPs [52,
53]. In this study, all 17 targets were used for georef-
erencing—in our case using the ETRS89 UTM 30N
system. In the next step, the point cloud was densi-
fied at medium quality, and any wild points that may
have appeared in the model were manually removed.
The result was a point cloud with a high degree of
detail. From this point cloud the mesh was obtained
using the height field method. In the next step, texture
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was applied to the mesh and finally both the ortho-
photo and DSM were exported. The point cloud was
exported in a *.las format.

Figure 8 shows the errors obtained in the GCPs that
were used to carry out the adjustment of the photogram-
metric block. According to the complementary study of
[18], the obtained point cloud had an accuracy similar to
that of a TLS, with a total error below 3 cm.

Using the HBIM methodology

BIM is an intelligent process that relies on 3D models to
generate and manage digital representations of the geo-
metric, material and functional characteristics of a site.
Once the model is created, it is possible to extract differ-
ent views and obtain drawings of floor plans, elevations
and sections [54]. The modelling was carried out using
Autodesk Revit®© 2020 software, one of the most used
BIM software in the world. It includes a visual program-
ming environment that allows designing with modelling
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and parametric drawing elements. The great contribution
by this software was the introduction of several dimen-
sions, namely 4D (Time), 5D (Cost), 6D (Sustainability),
and 7D (Management and Maintenance) into the build-
ing models, thereby achieving interoperability through
the use of different software and various disciplines [55]
that communicate with each other through compat-
ible formats. The Industrial Foundation Classes (IFC)
data exchange format is the most widely used because
it is an open and neutral standard maintained by Build-
ingSMART®. The Cloud-to-BIM process starts with
the Autodesk ReCap® import of the dense point cloud
obtained through photogrammetry in a *las format.
In this way, we could visualise the point cloud with the
geometry of the scene, which allowed us to use it as a
guide once the modelling began [56]. Once the point
cloud had been processed, the next step was the realisa-
tion of the parametric model. In this context, the realisa-
tion of the model in a BIM environment is related to the

Fig. 8 GCPs error used to carry out the adjustment of the photogrammetric block. Z error is represented by ellipse colour. X, Y errors are
represented by ellipse shape. Estimated GCP locations are marked with a dot. X—Easting, Y—Northing, Z—Altitude
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creation of objects that represent building components,
including geometric and non-geometric attributes and
relationships. In this study, the model is created on the
basis of previously captured historical information.

Another relevant issue was to define, before starting
the 3D modelling, the level of graphic detail (Grade),
which must be strictly related to the objectives of the
model and to the level of accuracy of the metric survey.
From a purely graphical point of view, according to [57]
the identified model resolution grades can be divided
into Grade 1 (coarse), Grade 2 (medium) and Grade 3
(fine), as shown in Fig. 9. According to the survey data
and the accuracy obtained after processing, the mod-
elling strategy in this study was oriented to the realisa-
tion of an adequate, final 3D representation, taking into
account Grade 3.

To complete the modelling, it was necessary to cre-
ate a library containing all the necessary parametric
objects. This process was conducted manually because
Revit does not have a tool for automatic object recogni-
tion. Currently, tools are being developed to automati-
cally generate 3D geometries [58], but these are mainly
adapted to contemporary elements that are not usually
valid for historical heritage [59]. The automatic approach
is not suitable to HBIM because it does not adequately
describe the shape of historical buildings by using simple
geometries. Therefore, plug-ins have to be used in order
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to scan to BIM. The plug-ins create a parametric object
from metric data processing by using point cloud man-
agement. In this research, As-Built™ for Autodesk Revit®
2020.1, released by FARO®, was used as a perfect add-
on for working with large point cloud surfaces because
it integrates with the Revit interface. It features a wide
range of evaluation tools for 3D laser scanning and pho-
togrammetry data, with custom commands for modelling
and detailing of BIM elements. Figure 10 shows the Scan-
to-BIM with the As-Built for Revit process. As-Built for
Revit significantly extends Revit’s point cloud capabili-
ties. It creates walls quickly and accurately directly in the
point cloud. The software automatically selects the most
appropriate wall type based on the given wall thickness
and has automated wall alignment to create rectangular
floor plans (orthogonality) and continuous axial align-
ments, even on multiple floors. As-Built for Revit accu-
rately places structural elements (beams and columns) in
the point cloud because beam and column profiles can be
automatically recognised. It allows the creation of a digi-
tal terrain model from the 3D coordinates and 3D model
lines obtained from the point cloud. In addition, win-
dows, doors, beams, columns, etc., can be placed directly
in the point cloud using a real 3D point adjustment. 3D
model lines and construction points can be created by
using real 3D point snapping in the point cloud, indepen-
dently from the Revit work plane. Working planes can

zZ

Medium

Course

Fi
3 ine

Fig. 9 3D modelling of the same building component according to various graphic details (Grade) [57]
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Fig. 10 Workflow Scan to BIM with AS- Built for Revit

Parametric element library
HBIM

be adjusted by selecting a single point or an unlimited
number of points in the point cloud. Constraints, such as
parallelism or orthogonality, can be optionally set. Lines
and intersection points between adjusted planes, or even
between model planes, can easily be determined.

Validation of the fit between the point cloud

and the model using HBIM

Once HBIM has completed the model, it must be vali-
dated by measuring the distances between the dense
point cloud obtained by photogrammetry and the mesh
of the model. To carry out this procedure, the As-Built
for Revit plugin was also used, which enabled the surface
analysis. In the absence of a criterion adopted by the sci-
entific literature for the validation of a parametric object
[60], in this research the criterion for the validation of the
parametric objects was to obtain an average of the dis-
tances around 0 (between —0.05 and 0.05) and a stand-
ard deviation of less than 0.10 m, according to [43].

Photorealistic rendering of the model created

through HBIM

Photorealistic representations of 3D models are very
common in the field of heritage documentation, conser-
vation and restoration. All the information corresponding
to the colours, drawings, details and almost any type of
graphic information applied to the model are very impor-
tant processes because they guarantee an interesting and
attractive final result and can be used for heritage docu-
mentation purposes, for example, one can create virtual
tours and promotional videos of inaccessible, missing or
distant heritage that show a simulation of the historical
evolution of the building and the environment through

virtual and augmented reality. Once the modelling is
completed in Revit, it is necessary to add materials and
textures to the model in order to obtain a photorealistic
look. Specialised software such as Lumion® have pow-
erful rendering engines and extensive libraries of veg-
etation and natural environments that allow to provide
greater realism to the model and create high resolution
renders [61]. The best way to export 3D models from
Revit to Lumion is through the Lumion Plug-in for Revit.
It includes two functionalities: to export to LiveSync,
which makes it possible to visualise the model in Lumion
in real time, and to export it as a Collada (*.dae) Revit file
in order to constantly recharge it in Lumion.

Results

In the established workflow, the preliminary result nec-
essary to carry out the modeling is the point cloud.
Figure 11 shows the point cloud obtained in Agisoft
Metashape and exported to Autodesk Revit.

As per the methodology described in the previous sec-
tion, all the characteristic elements were modelled from
the point cloud, including the base topography of the sur-
rounding terrain. Figure 12 shows an overlay of the point
cloud and the model created through HBIM in Revit.

Figure 13 shows the model created through HBIM in
Revit. The model is created using a special library of par-
ametric BIM objects that have been designed as a multi-
disciplinary and constantly evolving system. This system
is used to administer, document, manage and digitally
reconstruct heritage buildings. It produces technical
documentation (floor plans, sections, details, projections,
etc.) and quantitative and qualitative information.
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Fig. 11 Dense point cloud exported from Agisoft Metashape to Autodesk Revit

Fig. 12 Detail of the overlay of the point cloud and model created through HBIM

Once the model has been created, it is necessary to val-
idate the accuracy of the adjustment made with respect
to the point cloud. Figure 14 shows the result obtained
through the As-Built for Revit plugin.

The model created through HBIM also contains the
stratigraphic and typological relationships of the mate-
rials. These relationships, as well as the sequence that
is generated, provide the necessary information to

understand the constructive evolution of the building
and its spatial, temporal and social contextualisation. The
proper recording of these relationships, as well as the
correct definition of the materials and construction sys-
tems of the historic building, become basic requirements
of the graphic documentation as a means of safeguarding
of a good part of the material cultural values, as shown in
Fig. 15.
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Fig. 13 Model created through HBIM in Autodesk Revit
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Fig. 14 Surface analysis of the model created through HBIM in As-Built for Revit
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Figure 16 shows several renderings of the photorealistic
representation of the 3D model made with Lumion soft-
ware, showing the virtual reconstruction of the dam and
the administration building.

Discussion

Accuracy of the photogrammetric project

According to [18], the error obtained in the process-
ing of the photogrammetric project is below 3 cm. Most
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and 43 at the base of the work), has steps on its exterior facade.
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- Spiral staircase built in the well whose diameter is 2.72 meters.

- Other additional elements: the spillways, the sluice room, the
sand trap

Front elevation of the dam wall

Hatch chamber
access opening

4 J
Cross section of the dam wall

Access shaft to the interior of the

dam wall, with a diameter of 1

Desander outlet bay

Vertical well, with spiral staircase, to
access the water intake gallery of the &

field canal .
Spiral staircase

Fig. 15 The dam’s materials and construction systems

similar studies on other elements of cultural heritage do
not evaluate the accuracy of the point cloud that sup-
ports HBIM. In others, for example [43], the accuracy
is around 15 cm. Therefore, in this study the accuracy of
the adjustment of the point cloud to the reality of the ter-
rain is considered more than acceptable and is similar to
that of TLS. The modelling was carried out using a point
cloud obtained through different applications, conclud-
ing that the cloud obtained with Agisoft showed smaller
differences (2 c¢cm) than that obtained with TLS. We
found no difference between either method to support
HBIM. While TLS offers better results indoors and with
fine details, UAV photogrammetry offers greater practi-
cality and ease of use in large outdoor spaces. Although
the accuracy obtained by both methods is similar, it is
often necessary to use both in order to obtain a complete
model of the building’s exterior and interior details.

Use of oblique and terrestrial images

The improvement in accuracy and detail of point clouds
obtained by UAV photogrammetry, using oblique pho-
tography, has been demonstrated in numerous studies
[43, 62, 63]. However, the use of terrestrial photographs
makes more sense in buildings or in places where the
UAV cannot fly freely due to the presence of obstacles.

In this study, the photogrammetric survey was car-
ried out using oblique flights at a short distance from
the photographed object, without the need for terres-
trial photographs. This is similar to the study devel-
oped by [62], who modelled a Benedictine monastery
in Piedmont, Italy, using oblique photographs and SfM
software. It can be concluded that in all cases the point
clouds obtained were highly accurate.

Accuracy of the HBIM model

According to the scientific literature, there are no
established limits to the accuracy of models created
through HBIM with respect to the point cloud. In his
study [31], states that the level of accuracy of infor-
mation has to be chosen, related to the type of inter-
vention and be as homogenous as possible in order to
obtain a model that is easy to manage and understand.
This study adopted the criterion established by [43],
which is to obtain an average of distances around 0
(between — 0.05 and 0.05) between the point cloud and
the parametric object with a standard deviation of less
than 0.10 m. Figure 14 shows how most of the model
is between these limits. It is necessary to take into
account the presence of vegetation on the facing, which
may cause small differences in some areas.
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Fig. 16 Rendering of the virtual reconstruction of the dam

Conclusions

This research focused on the study of the validity of
UAV-SfM photogrammetric methods to conduct topo-
graphical surveys that can serve as a basis for the virtual
reconstruction of heritage. The low cost, flexibility and
quality of the result make this tool essential in the study
of forgotten buildings, such as the Isabel II Reservoir in
Nijar (Almerfa, Spain). The continuous development of
modelling techniques has produced new plug-ins, such
as As-Built for Revit, that allow quick and semi-auto-
matic conversion of point clouds into models through
intelligent BIM. The modelling phase was completed
using historical information on the reservoir, result-
ing in a complete model that incorporates graphic and
alphanumeric information of the original state of this
large infrastructure. The model of the Isabel II dam is
essential, useful and valuable in order to safeguard this
forgotten heritage and is a documental basis for future
research and interventions. The model can be consid-
ered the reservoir’s documental core, which allows the
interoperability of several disciplines within a common

software environment. In addition, it is a flexible model
that admits long transformations in the intervention.
It should also be noted that the HBIM project incorpo-
rates lists of elements to obtain different data tables; it
can be linked to cost databases within the same software
or exported to time and cost management programs (4D
and 5D, respectively) to obtain a restoration budget.
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