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Abstract: In the presence of architecturally significant ruins, restoring and disseminating the idea 
of a testimony that has survived the destructive work of time is a cultural and social necessity that 
the use of advanced methods and tools allows to communicate in a timely and comprehensive 
manner. The integration of 3D surveying techniques and digital information production and 
management processes (graphic and alphanumeric, i.e., geometric information) makes it possible to 
put in place multifaceted and effective strategies. The article aims at describing the process of data 
acquisition (using applied photogrammetry) of the remains of a medieval cloister located on the 
outskirts of ancient Oppido Mamertina (RC, Italy). The use of the acquired point cloud, cleaned and 
optimised, made it possible to extract suitable orthophotos from which to derive the matrix profiles 
of the vaulted roof system. The information organisation of the model, which can be queried on 
time despite the generic level of detail, leads us to meditate on the change taking place in the field 
of documentation for urban environmental design and maintenance. 
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1. Introduction 
Developing content to define and communicate meanings and values that connect 

past and present is a key objective of safeguard policies: the community only protects 
what it values and to the extent of the value it attributes to it [1]. It is not surprising, 
therefore, that in compliance with the international definition of “Heritage” [2], the 
Region of Calabria has set up a 2014–2020 “Rural Development Plan”. In application of 
this plan, local actions in agricultural areas were approved. Among the improving 
“Investments” are the emergencies near the city of Oppido in the province of the 
Calabrian capital, dioceses since 1044. Along the GAl BATIR “path” are the ruins of the 
Convent of the Paolotti [3] (p. 16). The residence of the Minim friars (belonging to the 
order of St. Francis of Paola, hence the toponym of the religious complex dating back to 
the Middle Ages), is today limited to the remains of the cloistered area delimited by the 
layout of the colonnade, a cistern for collecting rainwater (two metres wide and three 
metres deep), an ossuary and individual burials, perhaps intended to house the bodies of 
the feudal nobles (https://issuu.c[cf. om/galbatir/docs/06oppidomamertina (accessed on 
25 September 2022). 

Noting the difficulty of accessing the architectural emergencies, which are very 
deteriorated and overgrown by spontaneous vegetation, the article describes, using 
photogrammetric techniques, the acquisition of the situation, i.e., the scenario for the 3D 
reconstructions, commissioned by the local superintendency for promotional purposes 
(cfr. Decreto del Presidente del Consiglio dei Ministri 2 dicembre 2019, n. 169). 
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Preliminary to the processing, the mathematical representation of millions of known 
image coordinates (xyz) with respect to a single reference system and provided with 
intelligible information, including colour intensity and light reflectance are taken into 
consideration. The cleaned 3D point cloud [4] (pp. 12–13) defines an accurate and precise 
but discontinuous model. Knowing the characteristics of the instruments and the error 
coefficient of the methods [5], the acquired coordinate points can be considered objective. 
Subjective, on the other hand, albeit within the limits of a methodologically founded 
procedure, is the transcription of the so-called “unstructured” model into a continuous 
geometric configuration, and therefore manageable by a computer [6] (pp. 63–65). On an 
applicative level, the acquisition of point clouds is not only used to obtain reliable 
measurements, chromatists, and topologies. Recent studies are experimenting with how 
they can be used directly in immersive environments to generate user-centred products 
for multimodal purposes, thus avoiding the time-consuming and cumbersome work 
involved in modelling and rendering geometric shapes based on the detected point 
clouds. 3D point clouds are used for creating sections and analysing the decay of 
structures [7]. Automated or semi-automated image segmentation approaches are being 
experimented with for the construction of open-source framework [8] and the design of 
intelligent environments and deep automation ([9] p. 20), [10,11]. Compared to these 
researches, our work flanks the traditional applications of the latest generation, however, 
taking care to include the case study as an opportunity to deepen considerations on the 
evolution taking place in the specific discipline of architectural survey and environmental 
representation. Using a stereoscopic reading of the data, we investigate the configuration 
of a hypothetically reconstructed space. The realised virtual visualisation considers the 
recommendations contained in the “London Charter” [12], discussed at the International 
Forum of Virtual Archaeology (2011) and formalised in the Charter of Sevilla” [13]. 
Therefore, sources are stated, the problem is explicitly formulated, and then the most 
appropriate criteria are chosen to explore, describe, explain, correlate, and test the case 
study [14]. Emphasis was placed on reading the point clouds that identify the layout of 
the cloistered portico. The polygonal 3D point cloud, the most suitable for recording the 
irregularities of the architectural remains [15], was imported into dedicated software for 
the recognition of typological characters. By means of an indirect method [16] (p. 80), 
object-based objects suitable for numerical simulations were constructed around the 
fabrication entities (walls, pillars, floors, etc. stored in the system’s instructions) [17]. The 
level of detail set, although “generic” within the meaning of the regulations in force in 
Italy (https://www.ingenio-web.it/18667-sistema-dei-lod-italiano-uni-11337-4-2017 
(accessed on 12 October 2022), can be updated by those using the same program. The 
setting derived from the semantic organisation of the components makes it possible to 
discuss the potential developing of the model managed and projected towards a scenario 
derived from centralised data sharing (Common Data Environment). The latest advances 
in the field of digital imaging and the development of stitching software have proven to 
be an indispensable tool for documenting archaeological findings. The article, initially 
focused on describing the process used to obtain the very high-resolution photo models, 
has in fact made it possible to obtain controlled combinations of point clouds, acquisition 
outputs capable of allowing analysis at various levels. The translation of signifiers and 
meanings into informative digital components requires an understanding of the semantic 
structure at the survey stage. To this end, the giga pixels acquired by merging several 
images of the same detail (profiles, pillars, and the beginning of the curvature of the 
arches) composed of billions of pixels, showed the smallest clues for reasoning about the 
arrangement of the ashlars, i.e., the pieces that make up the structure of arches and vaults. 
For operational purposes, a conscious knowledge of the techniques that were only 
standardised many years after the construction of the cloister of Oppido is required. The 
study of arches and vaults becomes topical again for those involved in drawing surveys 
or the census of archaeological findings. The arches and vaults guarantee the continuity 
of static and linguistic constructive homogeneity. The objectives of the study are focused 
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on obtaining a detailed and faithful photographic documentation that allowed for their 
cataloguing and study, to deduce the process of their construction and verify the 
rigorousness of their traces. In addition to the technical aspects, the data made it possible 
to historically contextualise the work and provide some information on the creation of 
data sheets attached to the model. 

2. The Ancient Site of Oppido Mamertina 
The ancient city of Oppido Mamertina is located on the slopes of the Aspromonte 

(Figure 1), immersed in a wood of luxuriant centuries-old olive trees. About 35% of the 
territory of Oppido has been declared of significant environmental interest and included 
within the perimeter of the Aspromonte National Park. 

The origins of Oppido are linked to the ancient Mamerto and to the people of the 
Mamertines, who bore this name because they were inspired by the god of war Mars: a 
people of mercenaries, dedicated to war, coming from Campania, and enlisted by the 
tyrant Agatocle of Syracuse (3rd century BC). Some of them settled in the Calabrian and 
Messina area. In the third century BC they reached Mella, today an archaeological area 
near Oppido, and the town was abandoned and repopulated in Roman times. In this 
period the city took the name of Oppidum, of which there remain today notable 
testimonies. However, the territory of Oppido appears to have been inhabited already 
during the era of Greek colonization (7th century BC) [18]. The archaeological site of Mella 
is one of the great attractions of the territory of Oppido: numerous excavation campaigns, 
which have also involved some US universities, have in fact brought to light finds from 
different eras and are of great archaeological interest [19]. The finds allowed scholars to 
verify the presence of paved streets more than seven metres wide, along which large civil 
buildings lined up in a fully urbanized cultural context. The numerous coins that 
emerged, belonging to the mints or authorities of Rome, Metaponto, Valentia, Locri 
Epizefiri, Region, Catania, Syracuse, and of Carthaginians in Italy, Bretii and Mamertini, 
testify to the great commercial traffic that affected the territory and the Greek cities of 
Southern Italy. 

The ancient Oppido, the probable heir of the mythical Mamerto, stood on a hill of the 
so-called Melle plateau, in an area straddling the Tricuccio and Cumi rivers and was 
rebuilt around 1044 [20]. 

The city was in an inaccessible site and surrounded by robust walls with an 
Aragonese-style castle, which had subsequent additions and modifications in the Angevin 
or even Norman–Swabian period. It was also a diocese centre since 1044. Despite its steep 
position, it was attacked several times over the centuries, first by Ruggero the Norman in 
1059, by the brothers Marino and Raimondo Correale between 1459 and 1464, and by 
Tommaso Barrese, one of the fiercest lieutenants of the Aragonese. Around 1138, Queen 
Massimilla, sister of Ruggero II, lived there. The great earthquake of 1783 destroyed 
Oppido. The deaths then ascertained were 1198 out of 2408, and, as it was no longer 
possible to rebuild the city on the same site, given that much of it had collapsed into the 
river below, the Tuba district was chosen as the new home of the Oppidesi. Of the ancient 
urban layout there are still part of the surrounding walls, the gates, the castle, the 
Cathedral, the cloister of the Minims, and scattered houses. The information relating to 
the cloister which has been surveyed and rebuilt is almost nil. 
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(a) (b) 

Figure 1. The site of ancient Oppido Mamertina from Google Earth (a); the site of the city with the indi-
cation of the Cultural Heritages from https://issuu.com/galbatir/docs/06oppidomamertina/11 (accessed 
on 25 September 2022) (b). 

3. Materials and Methods 
The work proposed refers to the survey with photogrammetry of the medieval clois-

ter of the ancient Oppido, the extrapolation of profiles and the calculation of proportions 
for the geometrical 3D reconstruction of the structure surveyed. The final step of the pro-
cess, still ongoing, was the set-up of an HBIM to collect all the data to provide the super-
intendence of a complete database. 

3.1. Photogrammetric Survey 
For the 3D survey of the remains of the archaeological area, it was decided to opt for 

photogrammetry as it is more agile given the conditions of the archaeological park at the 
time of the survey; the presence of large olive trees and the need to climb the walls forced 
the choice on a much more portable and adaptable 3D survey technique. Furthermore, as 
a matter of site documentation, the superintendency requested the radiometric data in 
addition to the geometric one. 

The camera used for the survey was a Canon APS-C 60D with a 20 mm fixed lens. 
Given the weather and lighting conditions, it was decided to set the ISO at 150 and the 
aperture at 10. At the end of the two days of shooting, it was still possible to acquire the 
entire cloister with nearly 800 images acquired. The overlap among the images was kept 
between 60% and 80% because of the natural conditions of the site with the trees that 
covered part of the structures. The shooting was performed starting from the outside of 
the site and then covering the internal part of the cloister moving around the structure in 
the internal area and the shooting distance from the structures was a mean among differ-
ent measurements, in specific from 0.5 m to 2 m, due to the presence of the obstacles that 
influenced the shootings. The lighting conditions have created a whole series of problems 
regarding the correctness of the images. The site is in fact located within a park planted 
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with centuries-old olive trees which, together with the sunny day, have created many 
shadows on the walls to be surveyed (Figure 2a). Another problem that was faced con-
cerned some shots that were unfortunately against the sun (Figure 2b), and which were 
then redone several times until the best shooting position and condition were found. The 
processing of the images required a great deal of effort to be able to fix the photos due to 
the aforementioned problems. The first step was related to the arrangement of RAW files 
in Lightroom to limit overexposure and too dark or too light points due to alternating 
shadows/lights. The black and the white areas in the pictures were corrected acting on the 
“shadow” and the “light” slide in Lightroom. Changing the value of each parameter it 
was possible to make the details in the pictures more visible. As an example, placing the 
shadows slide to zero and the light slide to 100 it was possible to enlighten the dark im-
ages. On the contrary, using 100 for the shadows and zero for the light, and playing 
slightly also with the exposure, it was possible to darken the white images (Figure 2c). 

  
(a) (b) 

 
(c) 

Figure 2. Problems related to the lighting of the site: very brightly lit areas and other extremely 
shaded areas are clearly visible on the same masonry (a); example of shooting against the sun (b); 
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the image post-processed in Lightroom in order to balance dark and light areas. On the right the 
parameters changed to process the image (c). (Photos by the authors). 

Furthermore, since the olive trees were planted at the vaults above the ruins, it was 
necessary to move branches or adapt the shot so that they covered the structures as little 
as possible (Figure 3a,b). In this way, even if the presence of the trees made it difficult to 
set up a precise photogrammetric block and influenced the shooting distance that changed 
a lot during the campaign, it was possible to produce a 3D point cloud as accurate as the 
final goal of the project required. 

  
(a) (b) 

Figure 3. Presence of trees in the site that covered the wall structures (a) and trick used to have a 
better view of the structures in the images (b) (photo by the authors). 

The point cloud creation process was developed with Agisoft Metashape software 
while maintaining the alignment and dense cloud creation software parameters, high. The 
final precision counts a GSD of 0.5 mm that was calculated using the mean shooting dis-
tance, and the scaling of the cloud was done with Polyworks software, aligning the pho-
togrammetric point cloud with the DTM from a flight with a drone equipped with a Lidar 
YellowScan (YS) Vx15 Series used as reference. This instrument has a precision of 1 cm 
and an accuracy of 5 cm and the accuracy of the DTM after the post processing was 3 cm. 
The authors used the DTM but did not acquire the data nor post processed it. The infor-
mation reported in this paper were given by the company which did the survey. They did 
not use validation points or markers and we did not have the possibility to use markers 
on the field because the superintendency refused to allow us the put the markers directly 
on the structures. The final standard deviation calculated after the alignment of the two 
point clouds was 1 cm. Few in situ measurements were done in order to double-check the 
scaling of the 3D point cloud; one on the pillar, one on the wall, and a couple between two 
basis of the pillars of the cloister. Considering the human error in taking the measure-
ments, both on site and on the models, the differences were less than 2 cm and considered 
suitable and acceptable for the purpose of the work. The value was considered acceptable 
considering the size of the site, the fact that the photogrammetric survey only covered a 
small part of the site acquired through Lidar and above all the different accuracy of the 
data used, as well as the ultimate purpose for which it was produced, namely site docu-
mentation and building reconstruction. It must be emphasized that there are no in-depth 
bibliographic data concerning the investigated area and therefore the photogrammetric 
and Lidar surveys were the first accurate data that the superintendency was able to obtain. 
The point cloud was exported to *obj and used both for documentation, and for the crea-
tion of the mesh and the subsequent orthophotos, useful for the extraction of profiles, and 
as a basis for the 3D reconstruction of the complex (Figure 4a–d). 
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(c) 

 
(d) 

Figure 4. The 3D point cloud obtained through the photogrammetric process: (a) Zenithal view of 
the site; (b) Prospective view of the site from north-west; (c) the walls with the indication of the 
shape of the arches; (d) orthophoto of the pillar—view from South (authors’ elaboration). 

  



Remote Sens. 2022, 14, 5152 9 of 22 
 

 

3.2. Data Analysis 
The usefulness of working with 3D point clouds obtained from reality-based survey 

techniques lies in the possibility of relying on accurate and precise measurements. The 
requests formulated by the local superintendency aimed at the strict observance of the 
state of the art of the site, oriented towards the realisation of a model preferably linked to 
an information system, and a possible 3D reconstruction that could be used for the tourist–
cultural enhancement of the site through Augmented Reality applications. In fact, the ar-
chaeological remains are in a little-known area, far from famous sites and requiring a compli-
cated route to reach. The possibility of sharing information about the site linked to a 3D model 
explaining its structure is therefore essential to promote knowledge of the area. 

The choice of photogrammetry as the best surveying technique was made due to the 
following facts: (i) the layout of the remains in the archaeological site, with olive trees and 
narrow spaces made it difficult to use a scanner; (ii) the terrain that in certain areas is not 
flat and, in few areas, also steep; (iii) the importance of the texture in the final model was 
underlined in the requests of the superintendence; and (iv) photogrammetry is better also 
for cost efficiency. 

It was also decided to use the 3D point cloud as basis for the 3D reconstruction to 
avoid the approximation derived from the meshing algorithms. 

Triangular meshes are defined by a series of triangles which barycentre describes a 
linear surface representation. 

The reconstruction of surfaces from oriented point cloud is rather difficult. The point 
sampling is often non-uniform and the positions and normal are generally noisy due to 
sampling inaccuracy or scan misregistration. Starting from these assumptions, the mesh-
ing part of the process supposes the topology of the unknown surface, fitting accurately 
the noisy data and filling holes reasonably. This usually produces an arbitrary surface that 
may present topological errors and sharp features. Simplifying, considering a set of points 
that are assumed to belong to a surface, the process tries to approximately reconstruct this 
surface. As said in [21] (p. 3), “a surface reconstruction procedure cannot guarantee the 
recovering of (the surface) exactly, since we have information about (it) only through a 
finite set of sample points. Sometime additional information of the surface (e.g., break 
lines) can be available and, in general, as the sampling density increases, the output result 
is more likely topologically correct and converges to the original surface. Usually if the 
input data does not satisfy certain properties required by the algorithm (like good distri-
bution and density, little noise), the reconstruction program produces incorrect or maybe 
impossible results”. 

Undoubtedly, to represent the cloistered space correctly and accurately constitutes 
the ambition of every surveyor, an ambition that the photogrammetric survey allows to 
fulfil by providing with sub millimetric precision the true shape of the area together with 
photorealism of the state of the art. The efforts made in the massive acquisition of data, 
however, risk being consultable by a restricted circle of specialists. On the other hand, a 
dynamic and overlapping organisation of data and acquired knowledge, managed, and 
controlled by semantic processing algorithms can lead to the production of documents 
and ontological structures (distinct and correlated) suitable for all levels of study and in-
terest, which can be organised for multimodal purposes and with transmedia technolo-
gies. The semantic subdivision of the model in its main structural part in the BIM software 
is a main part of the work during a 3D reconstruction of ancient buildings, especially the 
ones which are heavy damaged and of which less parts are visible. In this way it is also 
possible to subdivide and organize the archive of informative and geometric data inside 
the HBIM container. In this case it is defined as the semantization of components. Struc-
tured memories make it possible to enhance the dissemination–communicative and cog-
nitive value of the investigated complex, making the work of multidisciplinary interest. 
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This choice is intended to show the need for a philological reconstruction to be the source 
of shared and interoperable workflows. 

The photogrammetric model avoids errors and problems of adequate accuracy [22–25] 
and the 3D point cloud, purified of the parts not compliant with the structures (e.g., trees, 
persons, etc.) makes it possible to read the pitch of the colonnade, the dimensions of the 
pillar bases and thus the width of the cloistered periplus, appreciated in relation to the 
curtains of the perimeter walls. Furthermore, the study of the orthophotos, if carried out 
in bi-univocal correspondence with the zenith view, offers clues for the reconstruction of 
the hypothetical original appearance of the roof on which the perfectly levelled screed 
formed the base for the floor of the upper level [26] (pp. 55–68). One can distinguish at the 
bottom of the south orthophoto, two arches with a visibly irregular profile and different 
dimensions, both in length (arch span) and height (arch arrow) (Figure 5). 

Compared to the zenith view of the photogrammetric model (Figure 4a), the first ap-
pears to be the trace on the vertical plane of the roof covering the cloistral corridor orthog-
onally: a barrel vault, one supposes, being the “simplest” to build with juxtaposed stone 
blocks to unload the weight on the perimeter wall (70 cm) and, on the opposite side, on 
the external pillars (average size about 130 × 130 cm). The choice is supported by numer-
ous examples from the Romanesque period that testify to the recovery of the Roman build-
ing tradition: in this era, the wooden ceilings caused by fires and destruction were re-
placed with stone vaults. 

 
Figure 5. The orthophoto of the southern wall with the prints of the arches highlighted with red 
circles (authors’ elaboration). 

The second arch, on the other hand, deflected from the orthogonal (east) corridor, 
can be traced back to the trace-matrix of the lunette set on the arched passage after the 
first span following the angular one. The static pattern of the pendentives of the vault 
covering the cloistered ambulatories varied according to the latter, i.e., the maximum 
height to be covered [27–30]. 

A supposed correspondence of the arches in the passage of each span, limits the con-
struction alternatives of the “nails” (the portion of the vault between the diagonals of the 
polygon and the vault front) between them; in fact, among the possible connections, the 
solution offered by an ideal straight cylinder that transversally intersects the longitudinal 
barrel vault appears to be the most immediate of the composite vaults. 

In this case, the shapes recorded on the orthophoto and on the 3D point cloud would 
be the matrices of an ideally “ribbed” (A rib vault or ribbed vault is an architectural feature 
for covering a wide space composed of a framework of crossed or diagonal arched ribs. 
Variations were used in Roman architecture, Byzantine architecture, Islamic architecture, 
Romanesque architecture, and especially Gothic architecture vault). As such, the span of 
the arches recorded with the 3D survey and analysed in the profile also identify the max-
imum height of the centre of the vault, which in the ideal model is considered constant. 
However, other hypotheses cannot be ruled out, i.e., a greater height in the centre of the 
span than the impost arch [31]. Although the Egyptians knew the elliptical arch and used 
circular arches in later epochs to distribute loads [32], (pp. 25–52), the art of constructing 
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precise radial joints was an invention that marked the slow progress of stereometric tech-
nology [33]. A fact that also marks the structural rationality of the corner pillar to the 
north, the only one left standing up to the height of the arch impost; clearly visible are the 
invitations to the arrangement of the ashlars of the passageway arches; the stone blocks 
remain stable and in position if the weight being transferred from one to the other makes 
the succession resistant to compression. 

Arches and vaults, semi-elliptical or semi-ovals, are by election curved structures 
with lowered or raised profiles. They are irregular in Romanesque architecture and not 
only because of faults in their construction but very often by design they are incomplete, 
presenting angular points of parts to be connected at the piers. The surfaces of the bays 
rendered exactly in the rectangular shape and not square impose impost profiles on the 
long side with an arrow less than half the span, having assumed the vault to be composed 
as a cross vault for the reasons explained in the analysis. The profile of the lowered arch 
can ideally be elliptical or oval in the impossibility of recognising the nature of the profile 
of the lowered arch by sight or by rigorous procedure, as Pascal’s 1640 theorem states [30] 
(p. 461). We therefore relied on the traces of the arches polished with detailed attention on 
the 3D point cloud that allowed us to accurately check the graphic model at the horizontal 
recurrences of ashlars and bricks. 

The fact remains that the only complete profiles, recorded and therefore analysable 
in their curvature, are very irregular. A fact that is not surprising, just as it is not surprising 
that the spans are anything but modular following the unequal pitch of the pillars. They 
are curved lines derived during construction rather than full radius or polycentric arches. 
The consequences include roof surfaces that are anything but geometric vaults derived 
from the ideal intersection of transverse longitudinal cylinders. 

The custom of using bare materials or roughly shaped stone blocks on site, together 
with the need to join walls in harmony with the nature of the site, finds the most suitable 
technical support in the art of stereometry [34] (p. 336). Therefore, it is the forma mentis 
of the masters of masonry work that provides further indications. It is a practice, most 
often handed down orally and enriched by direct observation of classical texts, examined 
more frequently than one was inclined to believe in the past. One of the most frequently 
used procedures was “quadrature”, a system explicitly certified in 15th-century drawings; 
operations of tilting and rotating the points into which the surfaces to be covered, or the 
mirrors of the towers, were broken down, which made it possible to calculate the progres-
sive reduction of the horizontal sections [35]. 

A fact that also marks the structural rationality of the north-west corner pillar, the 
only one left standing up to the height of the springer of the arch. The pilot hole to the 
arrangement of the ashlars of the passage arches, demonstrates—for the stretch still ob-
servable—that the stone blocks remain stable and in position, if their weight in transfer-
ring from one to the other has them undergo to mutual compression (the common tan-
gents at the points of variation of the curvature make the succession resistant to compres-
sion) [35–42]. The homologous correspondences between the orthophotos (vertical and 
horizontal) therefore guided the identification of the measurements necessary to resolve, 
with the aid of mathematical multiples and submultiples, the geometric rationality of the 
system that by “anastylosis”, one seeks to reconstruct. However, the need to deal with the 
attribution of the construction characteristics of a work of historical value [43], directs the 
documentation of the analyses therefore to the multidimensional control of the mecha-
nisms of participatory cooperation. In keeping pace with contemporary needs, it is a mat-
ter of placing the investigation within a cultural system that discusses the management of 
the data collected and according to uniform criteria and standardised principles [44,45]; 
in other words, addressing the difficulties generated by the need to reconcile contrasting 
aspects such as standardised seriality and, on the other hand, the singularity of unique 
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solutions such as those of historical artefacts in general—Romanesque in this particular 
case. It becomes a priority in this perspective to organise a global model managed within 
an assisted modelling software oriented as much to the representation of physical charac-
teristics as to the semantic information of the components. The method Building Infor-
mation Modelling (BIM) seems the most suitable to correlate historical, material, metric, 
structural, etc. data for the purpose of a complete documentation; it will be necessary to 
manage archive documents reports, photos, drawings, diachronically updated surveys. 
The massive accumulation of data gives way to the production of a flexible digitizable 
heritage, therefore, being able to explore the idea of a scientific “geography of knowledge” 
[46] articulated around the interdependence of space–time form of component objects. 
The extraction of components—whether by the direct or indirect method changes little—
requires the contextual association of families of technologically determined types stored 
in dedicated system instructions. 

The geometric complexity involved in the correct stereometric projection of the ash-
lars, and the various architectural surfaces led to the use of the indirect method to respond 
to the need to proceed to the creation of a “federated” model. The combined use of CAD 
programmes and BIM functionality addressed the geometric detail required to transcribe 
the parametric form into a component–object appropriate to the initial conditions. The 
“locus” of points described must be verified with the locus of mathematical points, a ques-
tion certainly not an end as [47] explained. The informative management of the historical 
building required shaping a regular form of the roofing components: a problem, first, of solid 
geometry that the photo model was able to validate in the results of the surveyed parts. 

Since, however, this is a construction from the first millennium, there are no archives 
suitable for a digital description. It is, however, possible to proceed correctly by linking 
the geometric detail with informative data sheets (Level of Information Needed). Placing 
the punctual survey of the existing at the origin of the workflow at each stage of recon-
struction, it will be possible to evaluate the gap between the real form and the normalised 
form to manage the information [48]. The resulting system centred on the semantic struc-
turing of ontological data is aimed at creating a cultural vision [49] a territory of common 
goods capable of developing mechanisms to produce intelligible data. This explains the 
choice of placing before the organisation of the design workflow on the existing, a polyg-
onal model, the most suitable for describing the peculiarities of the place in such a way as 
to make the data considered objective, measured in the comparison, comparable at every 
stage of the design cooperation. As of today, the level of detail chosen for the presented 
model is labelled as “generic” according to the UNI standard 
(https://www.bsigroup.com/en-GB/iso-19650-BIM/ accessed on 22 September 2022). How-
ever, the approach given to the simulation does not preclude a discussion of the results 
achieved within the not only national research landscape, characterised in relation to pre-
vious studies and current working hypotheses. 

4. Results 
The 3D survey of ancient Oppido Mamertina was commissioned to achieve the vir-

tual use of the site by the public and to document its state of the art. During the work, it 
was decided to turn towards the definition of a repository that would allow the data col-
lected to be stored and subsequently consulted. A repository would also allow it to be 
implemented over time and thus record the diachronic mutations of the site, that is, by its 
very nature, the result of the destructive work of time, the stratifications of evolutionary 
phases, degradation, maintenance restorations, and architectural modifications over the 
centuries. As is often the case, also for the cloister of the Friars Minor of the Order of St. 
Francis of Paola, the related information is multiple and differently articulated. Collected 
with different objectives, the fragmentation of information is an ever-present problem 
when it comes to documenting the inherited heritage. The risk of losing information is 
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real. Here is where three-dimensional modelling, already widely used in the field of Cul-
tural Heritage as a support to knowledge, conservation, valorisation, and restoration, 
gives way to the construction of an information model in which the archive of data and 
documents is visualised directly on the construction of a digital twin consistent with the 
objectives set. 

The execution of the work required considerable effort, especially regarding the data 
acquisition and post-processing phases, during which dedicated software were used to 
manage the cleaned and reduced point clouds (Figure 6a,b) to be used in the reconstruc-
tion of a model that for the organisational structure and the type of self-employed can be 
classified as an informative HBIM for historic buildings. 

 
(a) 

(b) 

Figure 6. The dense 3D point cloud obtained from the photogrammetric process (a); the 3D dense 
point cloud after the cleaning (b). Software used Agisoft Metashape (authors’ elaboration). 

The archaeological remains were too few and deteriorated to isolate a complete por-
tion cloud to the restitution of a digital twin. Archaeological remains were however suffi-
cient to use the points acquired as reliable lines to hypothesise on methodologically 
founded data, the configurations suitable for the morphological restitution of volumes. In 
this way, the use of 3D point clouds from reality-based surveys, becomes a precise and 
accurate data on which to build the vaulted corridor to have a symbolic–generic digital 
model necessary to respond to the client’s demand. 

Bearing in mind the objective commissioned by the superintendency, to date directed 
towards promotional content applications, the work stages are listed below (Figure 7): 
- The “unstructured” model was transcribed into polygonal mesh. Starting from a 

dense point cloud of more than 106 million points, a mesh of 50 million polygons was 
created. This was then again cleaned, for the creation of orthophotos and a textured 
model to be given to the superintendency. 
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- The 3D point cloud (Figure 7) was imported in e57 format into the Autodesk Revit 
2020 software, dedicated to the informative modelling of artefacts. Using an indirect 
method, the typological characteristics were then recognised. Therefore, geometric 
configurations with clear semantic meaning were interpreted around the main fabri-
cation entities, i.e., the modelling “families” predefined in the application used: 
walls, pillars, floors, etc., i.e., system structural types. To obtain the vaults, Autodesk 
Revit’s "Masses in situ" command was of fundamental importance. Through a pro-
cess of "trial and error", based on the dimensions of the arches obtained in the previ-
ous phase, the remains of the bays in the perimeter walls of the cloister and the dis-
tance between these and the pillars deduced from the orthophotos of the plan, it was 
possible to reproduce both the vaults located in the corner of the corridor and those 
located in front of each of the arches of the gallery. Hence, porticoes composed of 
concentrically duplicated semicircular arches that start at an offset of approximately 
16 cm from the capitals of the pillars were obtained (Figure 8). It was thus possible to 
reconfigure the roof in this part of the cloister. 

- The level of detail (LoD) compatible with the objective set (LoD generic in the sense 
of the standards [UNI: 11337-4 2017]) was then established. The application used re-
quires, in fact, with the morphological identification of the component, the contextual 
definition of the information that the photogrammetric acquisitions allow to provide 
with precision and accuracy (thickness length, width, volume, material stratigraphy). 

- Once the level of detail had been established, the problem to be faced was how to 
transcribe the irregular shapes of the point cloud into normalised configurations. Nu-
merous problems were encountered to reconcile the singularity of each element de-
tected with the standardisation necessary for the digital manipulation of the compo-
nents. 

- Having set the point cloud as the origin of the workflow to make it possible to com-
pare with mathematical certainty the discrepancy between the real model and the 
simplified one constructed, it was proceeded to digitally construct the component-
objects according to the chosen level of detail (LoD) and therefore relative to both the 
geometric detail (LOG) and the appropriate informative detail (LoI). For this pur-
pose, the analyses discussed in the previous Section 3.2 were useful: from the scaled 
profiles visible in the orthophotos (South) the measurements of the spans and arrows 
of the arch were obtained, and therefore the inclinations and angles useful for restor-
ing the genesis of the cross vault considered the most suitable.  

 
Figure 7. The flowchart of the work. 



Remote Sens. 2022, 14, 5152 15 of 22 
 

 

 
 

                               (a)                                                                (b) 

 
(c) 



Remote Sens. 2022, 14, 5152 16 of 22 
 

 

 
(d) 

Figure 8. The highly accurate definition of the information allowed using the photogrammetric ac-
quisitions: the theoretical scheme of a vault (a); the reconstruction of the vault system starting from 
the photogrammetric model of the angular pillar from above (b) and below (c); the section of the 
reconstruction ((c,d) (authors’ elaboration)). 

As shown in the images, the level of detail of the information model can be interro-
gated and updated by those using the same programme. The consolidated international 
acronym LOD: ‘Digital Object Development Level’ is maintained; LOI: ‘Object Develop-
ment Level—Information Attributes’. To avoid confusion between the attributes Defini-
tion/Detail and Geometry, the LOG (Geometry) level was created. A general LOD scale 
was also defined as: —LOD A symbolic object; —LOD B generic object; —LOD C defined 
object; —LOD D detailed object; —LOD E specific object; —LOD F executed object; —
LOD G updated object. In addition to the in-progress detail necessary to trace the seven 
levels set by the current regulations, it is the authors’ intention to integrate the database 
linked to the collection of archive data to the present date and divided into previous doc-
umentation (both excavation and photographic and/or graphic). The information linked 
to the construction in digital form has been divided into: 
- Definition of the different types of material used (local stone and brick) and explana-

tion of why it was decided to use different construction techniques. 
- Definition and different representation of the data acquired through direct survey 

and data from analysis and calculation. 
- Any coeval sites that can be used as a possible comparison. 

The information stored in different levels, although available and consultable  
(Figure 9), will find a unified place in the HBIM model accessible from a dedicated plat-
form in which to arrange the 3D reconstruction of the site starting from the photogram-
metric data, since some problems, inconsistencies, and variables still must be resolved, 
starting from the comparison with similar and mostly coeval sites that can provide other 
cues for a more accurate reconstruction. 
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Figure 9. The organization of the geometrical database of the model, subdivided in LoG. 
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A comparison between the 3D point cloud and the reconstructed model was con-
ducted regarding solely the pillar, which in fact was the starting point of the geometrical 
analysis and the philological reconstruction. The comparison was done using the software 
CloudCompare providing a cloud to mesh analysis. 

The final standard deviation between the two models was 0.056 m that was consid-
ered acceptable bearing in mind that the comparison was done between an unstructured 
3D point cloud of an ancient remain, derived from a reality-based survey, and a CAD 
drawing that is an approximation (Figure 10). 

  

  
Figure 10. The comparison between the unstructured 3D point cloud and the 3D informative mod-
elling. 

5. Discussion 
Over the last thirty years, activities in the fields of the survey and representation of 

Architecture and the Environment have focused attention on the need to acquire ever 
more rigorously the data necessary to provide reliable reconstructions of the reality under 
investigation, extended to the identification of missing parts by means of philological 
analyses based on the objectivity of the survey. Decisive help has come from the instru-
ments and methods based on the products of computer science research, which has placed 
at the service of surveyors economically accessible no-contact tools and technologies, and 
software packages, sometimes open source, of great efficiency and are intuitively applica-
ble. Similarly, the latest generation CADs have enabled the representation of geometric 
models not only of high definition but also capable of parametrically governing the mod-
ification of the shapes represented. 
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The current research horizon, using new and powerful three-dimensional acquisition 
systems, has further revolutionised the way we store, share, and access point clouds, pro-
moting a different approach to survey activities and their digital denotation. The aim has 
shifted from the mere visualization of the physical–morphological characteristics of the 
artefact to the semantic structuring of the components. In other words, from mere graph-
ical representation to the reconstruction of parts with clear technical meaning, simulated 
within virtual processes that build the model as an information space. It is therefore con-
ceived as a virtual ecosystem, which can also be adapted during the investigation to in-
terpret technical, scientific, and didactic requirements. 

The multidisciplinary interest, resulting from the current socio-economic as well as 
cultural approach, strongly characterizes the decision-making processes. Consequently, 
the final model constitutes not just the visualization of a geometric form (parametric, if 
you like) but a real “data base” that the dedicated program governs in the way it relates 
to different areas [50]. Interoperability between the professional figures involved in the 
action, very often belonging to different disciplines, can thus be extended over time. The 
digital model becomes the catalyst for diachronic information that can always be updated. 

Different knowledge (architectural, constructional, structural, management, etc.) 
thus converge in models produced by the conscious aggregation of elements that, en-
dowed with an internal structure, can be interrogated in compliance with precise rules 
[51]. The use of information systems and digital fruition processes become keys to devel-
opment, creative economic, and employment, according to Pier Luigi Sacco [52]. Ensuring, 
even today and always, an extraordinary ability to produce added value beyond mere 
documentation, remains the cultural approach, and not only the technical operational one, 
as it identifies and links significant content using a structured search engine. It can there-
fore be said, summarising, that BIM models are “virtualised realities” with an intrinsic 
capacity for design interrogation and analysis. In fact, attributing weight characteristics, 
or structural, thermal, quantitative, degradation behaviour to geometry involves provid-
ing data and characteristics that go far beyond the mere visualisation of form. The use of 
semantics for describing/querying information models (BIM) guarantees the possibility of 
“remediating” aspects to produce and distribute goods or services through dedicated 
platforms [53]. For this purpose, databases based solely on data from three-dimensional 
acquisition technologies are not sufficient, but the definition of a semantic structuring for 
queryable “digital archives” is required. A substantial advancement in 3D scanning pro-
cedures is therefore required, together with a methodological approach that integrates 
diagnostic investigation procedures. Truly interoperable models are to be realised (since 
they are shared in format), thus able to enrich the interdisciplinary knowledge of the ele-
ments under investigation, by scholars, researchers, and even non-expert users. From a 
theoretical point of view, the advanced study of point clouds fits into discipline-specific 
production systems and/or individual analysis, which from an IT point of view develops 
products and services for multimodal purposes. The flexibility and ease of access to 3D 
data, placed at the origin of the workflow, when combined with a simplification of seman-
tic data storage, makes cloud-based systems an efficient and effective tool for successfully 
integrating 3D surveys, analyses, and construction projects. The development of a stand-
ard open access platform, to “contain”, implement, and share historical, documentary, 
metric, morphological, material and conservation information, is therefore a starting point 
for any action aimed at the knowledge, conservation, restoration, dissemination, valorisa-
tion, and protection of the inherited architectural heritage. 

A rigorous language, functional to the reading interpretation of the architectural and 
environmental 3D survey, developed with an adequate approach (ICT, of which the BIM 
model is a part), will allow the applied research of new and interesting fields of investi-
gation (cf. RICS Evaluation—Global Standards effective 31 January). 

The case study presented here is part of this research panorama, which obviously 
directly involves the disciplinary field of surveying and architectural communication. The 
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results obtained (and those in the process of being obtained) are an appropriate oppor-
tunity to investigate and discuss the flexibility of cloud-based systems and the prospects 
that can be derived from them for the analysis and design of architectural, building, and 
environmental artefacts. 

6. Conclusions 
The use of the 3D point cloud, obtained by employing photogrammetry techniques, 

made it possible to base the digital reconstruction of the Oppido cloister on accurate and 
precise data, despite the difficulty of access and the poor state of the millenary ruins over-
grown by vegetation. 

Meticulous philological reasoning legitimised the interpretation of the missing parts 
with reference to the theoretical and methodological tools provided for the critical and 
mediated development of cultural heritage and in particular archaeology, on which much 
of the potential offered by digital technologies has been poured [54]. The technique em-
ployed as forms of prior memory has produced a mass of dates that semantic selection 
has sought to address the creation/communication of a model that considers philosophical 
as well as practical implications [55]. The occasion was in fact propitious to agree with the 
Superintendency of Reggio Calabria on a change in the objectives of data collection. No 
longer is there only the visualisation of 3D clouds or the use of a tourist route linked to 
the information of an information system [56], but instead a digital database, shared and 
interoperable, to experiment with modes of collaboration and interaction between the en-
gineering and archaeology sectors, culminating in the production of an archive of infor-
mation that can be expanded and modified over time, according to a consolidated need 
among the actors and promoters of heritage conservation [57]; a versatile and fruitful ap-
proach for the documentation of archaeological heritage, nominating itself as a complete 
knowledge management system, useful both for the consultation of the contained materials 
and for the more analytical study of the sites, aimed at comparing possible conscious recon-
struction. 

The transition towards the organisation of a streamlined information method (BIM) 
in its broadest sense of a collaborative process between actors operating according to 
structured logic [58] reveals the strategic potential of the results in the making. The state 
of the constructed model although “generic” to date (UNI 11337-4 2017), allows for a “fed-
eral” or “global” model in which the diachronically updatable 3D documentation is com-
bined with the archive of historical and technical data. Therefore, the criteria and princi-
ples by means of which the results of an unprecedented and meticulous 3D survey were 
obtained, place the application verification among the scientific topics of current interest 
for the subject area. 
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