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Multi-sensors acquisition for digital documentation. Application to a 
damaged area of Navelli village

Digital technologies draw continuously novel 
opportunities and potentialities in the area of 
the documentation of architectural and cultural 
heritage and deliver to the research community 
questions and problems associated to the differ-
ent and sometimes complementary applications, 
which range from protection and conservation 
to fruition and valorisation. This is particularly 
true when valuable assets are located in fragile 
and damaged contexts, due to particular mor-
phological and typological conditions. The use 
of fast and efficient surveying techniques is of-
ten the optimal solution to meet these require-
ments, as these techniques can combine the 
needs for documenting complex heritage with 
those for protecting and safeguarding opera-
tors. In particular settings, the results of rapid 
acquisitions made by remotely piloted vehicles 
or mobile technologies suffer due to inhomo-
geneous level of information and therefore, the 
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integration of data recorded by different sensors 
must be well designed and carried out.
The paper reports some results of the integrat-
ed survey of a complex site, located in the urban 
centre of Navelli, and characterized by several 
dwellings now ruined and compromised by the 
2009 earthquake.
The procedure adopted within the integrated 
survey of case study moves from the analysis 
of the methodologies employed in the scientific 
literature in the context of multi-scale and mul-
ti-sensors data acquisition and their integration, 
aligning with them. The survey was carried out 
via a mobile laser scanner based on SLAM tech-
nology and a Dij Mini2 drone for aerial photo-
grammetry. The integration of the two technol-
ogies was optimized by the placement of control 
points acquired with a GNSS-based coordinate 
system, which permitted to adequately docu-
ment the investigated area.
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1. INTRODUCTION

The digital documentation of the architectural 
and cultural heritage for its knowledge is a cur-
rent issue as it is indispensable and preparatory 
to multiple actions, ranging from preservation and 
conservation to enjoyment and enhancement. This 
activity becomes more relevant working in fragile 
contexts or on damaged assets, subject to par-
ticular morphological and typological conditions. 
In these cases, the field data acquisition is charac-
terised by an underlying complexity and must meet 
requirements strictly related to the safety and se-
curity of the operators; therefore, it is necessary to 
design appropriate operational workflows. These 
procedures have been favoured both by robust 
protocols codified within highly specialised disci-
plines, such as geomatics, and by advances in new 
technologies with increasingly powerful hardware 
and software solutions. As a result, point clouds 
with high levels of precision, i.e. with a dispersion 
of points in the order of a centimetre, were ob-
tained. These point clouds can be used as a refer-
ence for knowledge analyses on heritage, and this 
has increased the use of 3D surveying tools in the 
context of documenting cultural heritage exposed 
to any type of hazard.
Velocity and efficiency of the survey procedures 
are the main features of any technical approach in 
responding to such needs, as it can combine the 
needs of documenting the heritage, in all its com-
plexity, with those of operators’ safeguard and safe-
ty. Several studies demonstrate the effectiveness 
of data acquired using rapid sensors and systems 
in surveying emergency contexts for the materi-
al and structural knowledge of damaged cultural 
heritage to plan the actions to be performed (Chia-
brando et al., 2016; Di Stefano et al., 2020).
The most popular expeditious systems include 
remotely piloted ones for aerial photogrammetry 
that are used in hazardous conditions and also for 
surveying different contexts, ranging from preci-
sion agriculture to the safety of industrial plants 
and renewable energy to the survey of archaeolog-
ical sites and cultural heritage. In addition to these 
systems, there are mobile laser scanners that use 

Simultaneous Localisation And Mapping (SLAM) 
technology to quickly acquire point clouds from 
which to obtain geometric and spatial data.
There are currently technological solutions on 
the market capable of integrating remotely pilot-
ed systems with laser detection ones, such as the 
most common Mobile Mapping Systems (MMSs) 
installed on drones. Very interesting are the mo-
bile lasers mounted on automated robots, as in 
the case of SPOT, the agile mobile robot developed 
by Boston Dynamics, that the archaeological park 
of Pompeii is testing for monitoring and inspec-
tion of the tunnels excavated clandestinely in the 
past. Although these systems are efficient for la-
ser surveys in emergency contexts, the combina-
tion of data acquired with the two different tech-
niques, laser and photogrammetric, which are 
often used in parallel and independently of each 
other, is equally significant. The integration of data 
derived from these different sensors is even more 
appropriate in particular environmental and typo-
logical contexts in which the results of expeditious 
acquisitions suffer from an inhomogeneous lev-
el of information. As in the case, for example, of 
the survey of artefacts that are difficult to access 
or narrow alleyways that characterise the urban 
contexts of minor centres in Inner Areas (Barca, 
Casavola, & Lucatelli, 2014).
In particular, the application of multi-sensors, im-
age and range-based techniques by researchers 
from different disciplinary fields has demonstrat-
ed the reliability of integrated, indoor and outdoor 
survey procedures (Sammartano & Spanò, 2018; 
Savina Malinverni et al., 2018; Spanò, 2019; Keit-
aanniemi et al., 2021) and the accuracy of mul-
ti-scalar data acquired in the context of different 
types of cultural heritage (Pulcrano et al., 2019; 
Patrucco, Rinaudo, & Spreafico, 2019; Bronzino 
et al., 2019; Rinaudo & Scolamiero, 2021). The 
diverse datasets integrated within a single point 
cloud support, on several levels, the knowledge 
for the conservation, management and enhance-
ment of cultural heritage. The reliability of these 
procedures has been demonstrated by the appli-
cation of laser scanning –terrestrial and mobile– 
and photogrammetric procedures –terrestrial, 

aerial or with a 360° camera– to archaeological 
sites and complex urban and architectural areas, 
i.e. historical buildings, parks, gardens and ele-
ments of furniture (Chiabrando et al., 2017; Spanò, 
2019; Rabbia Sammartano, & Spanò, 2020; Teppati 
Losé et al., 2020; Barba et al., 2020). The various 
acquisition techniques provide point clouds that 
can be used to produce two- and three-dimension-
al data, such as semantic models, that facilitate 
the information sharing between several experts. 
These products, thanks to the photorealistic tex-
tures obtained with photogrammetry, are suitable 
for qualitative and quantitative assessments of 
the current condition of artefacts. In addition, the 
resulting models can be used to create Complex 
Information Systems obtained by applying Virtual 
Reality techniques and tools that are effective both 
for the virtual enhancement and fruition and for 
heritage monitoring and maintenance.
This is the background of the present paper, which 
deals with the main outcomes and results of the 
integrated survey of a complex and multi-stratified 
site located in the historic centre of Navelli, char-
acterised by several buildings in ruins abandoned 
over time and further compromised by the 2009 
earthquake that struck L’Aquila city and its territo-
ry. The preliminary analyses of the urban landscape 
and the encouraging results delivered by integrat-
ing the data collected during the survey direct the 
research towards different investigation. Indeed, 
the resulting data favour the development of digi-
tal solutions useful for the protection, management 
and enhancement processes by the technicians 
and public administrations, also in the perspective 
of e-conservation (Trizio et al., 2021a; Savini et al., 
2022; Marra et al. 2021). In addition, the acquisition 
and analysis phases result in new data that can be 
structured hierarchically within the semantic web 
to define new ontologies for minor historical cen-
tres (Acierno et al. 2017; Trizio et al., 2021b).

2. THE VILLAGE OF NAVELLI, AN OVERVIEW

The Inner Areas of the central Apennines, espe-
cially in Abruzzo and Molise, are characterised by 
the widespread presence of minor historical cen-
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tres with a distinctive landscape and construction 
features that have been severely compromised by 
abandonment and depopulation processes and by 
recurring seismic events (Oteri & Scamardi, 2020).
An attractive village in the Abruzzo Apennines is the 
municipality of Navelli, located about 35 km from 
the city of L’Aquila, on the south-western mountain 
slope of Monte San Nicola. It is a municipality that, 
along with its hamlet of Civitaretenga, oversees the 
plateau of the same name located below (Fig. 1).
Navelli village was developed between the 10th and 
12th centuries, coinciding with the growth of encas-
tellation’s characteristic in the Abruzzo region, for 
which various theories have been proposed (Wick-
ham, 1982; Clementi, 1996; Redi, 1997). However, 
the municipal territory has a long settlement histo-
ry, as well demonstrated by several funeral archae-
ological finds that attest to the plateau’s frequen-
tation since the Vestino period (Persichetti, 1894; 
D’Alessando, 2014; Acconcia & Ferreri, 2015). In-
deed, the area of Navelli in Roman time was occu-
pied by the vicus Incerulae. The toponym remained 
in documents until the 11th century (Leuzzi, 2007), 
and it is recalled by the name of the Santa Maria 
In Cerulis church (Coarelli & La Regina, 1984), lo-
cated in the area below the current town. According 
to oral tradition, the nine territorial communities, 
known as ville, gathered in a single settlement to 
meet the needs of defence, communication, expo-
sure and sustenance (Ferreri, 2015). The hypothe-
sis that the name of the municipality derives from 
the union of the nine ville is suggestive.
The Navelli village, like the whole territory, has a 
complex evolutionary history, starting from its first 
settlement in the early Middle Ages, which can be 
hypothesised in the foundation site called Piaggia 
(Piceggia) Grande (AA.VV., 2002; AA.VV., 2005), to 
the many transformations over time (Fig. 2). Some 
of these transformations were affected by mili-
tary and catastrophic events, i.e. recurring earth-
quakes, but also by the partial and gradual aban-
donment of the historical centre. This phenomenon 
started between the end of the 19th century and 
the 20th century and was intensified due to the 
migration of the population to other countries trig-
gered by the sheep farming crisis (AA.VV., 2005).

Fig. 1 - Identification of the village of Navelli, the hamlet of Civitaretenga and the plateau of Navelli.
Fig. 2 - Historical evolution of Navelli (Re-elaborated from: Comune di Navelli & Università degli Studi di Parma, 2013).
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Among the others, the earthquake that hit the 
Appenine region in 1456 is particularly relevant 
due to the extension of the damage caused in the 
towns of Abruzzo and Molise (Meletti et al., 1988), 
and the 1703 one that damaged the city of L’Aqui-
la and its surrounding territory. 
The layout of the village of Navelli suggests that 
its evolution has been driven by the above men-
tioned natural events. In particular, following the 
earthquake of 1456, the inhabited area was relo-
cated further downstream and was built the first 
city walls. With the reconstruction after the 1703 
earthquake, the urban area was extended out-
side the city walls. In this phase, several small 
palaces were built on the main roads to the vil-
lage and near the three city gateways, resulting 
from the unification of neighbouring units (Cac-
ciavillani et al., 2007).
On the analogy with many centres in the same 
area, the village’s urban fabric is characterised by 
four building typologies: the terraced house built 
parallel to the contour lines (Fig. 3a), the two- or 
three-level terraced house placed orthogonally 
to the contour lines (Fig. 3b), the arched house 
(Fig. 3c), and the fortress house (Fig. 3d).
Among these, the building typology of the arched 
house is very interesting since, on the one hand, it 
improved the response of aggregates to seismic 
stress and, on the other, allowed the connection 
between two terraced houses, creating sugges-
tive covered passageways within the urban fabric 
(Cacciavillani et al., 2007).
The village of Navelli, already mostly compro-
mised by abandonment and neglect, suffered 
further damage and the loss of typical and dis-
tinctive elements due to the earthquake that 
struck the Abruzzo region in 2009. To repair the 
damage induced by the earthquake and recover 
the building and landscape features, as well as 
the historical and cultural values of the hamlet, 
the municipality of Navelli adopted the Recon-
struction Plan (PdR) drawn up by the University 
of Parma in 2013, according to the law no. 77 of 
24 June 2009 (Ventura, Montepara & Zazzi, 2019). 
The PdR represents a strategic and urban plan-
ning instrument aimed at the economic-finan-

cial programming of resources, the regulation 
of building interventions and the definition of 
guidelines for public and private reconstruction 
(Fico et al., 2019).
The portion located to the northeast of the village 
was considered a study case; it is placed near the 
steps of Via Forno da Capo, built on the steepest 
slope of the settlement (Fig. 4). The building fab-
ric consists mainly of terraced houses with two or 
three levels orthogonal to the contour lines and 
fortress houses (Fig. 3b e Fig. 3d). This area was 
affected by the gradual abandonment that began 
in the 19th century and is currently in a state of 
ruins, conditions worse with the 2009 earthquake.

The pre-existing damage to the area and the 
impossibility of reconstructing the buildings, 
despite the presence of some private properties 
and the panoramic location, have led to the crea-
tion of an archaeological garden park in this part 
of the settlement. Indeed, the PDR envisages the 
consolidation of masonry portions surviving in a 
state of ruins and the greening of urban spaces 
or outdoor real estates to create a terraced gar-
den from which to enjoy panoramic views of con-
siderable landscape value (Comune di Navelli & 
Università degli Studi di Parma, 2013), also lead-
ing to the hypothesis of some design solutions 
(Trizio et al., 2020).

Fig. 3 - Building types identify in the historical centre of Navelli: (a.) terraced houses parallel to contour lines; (b.) terrace houses perpendicular to contour lines; 
(c.) arched houses; (d.) fortress-houses.
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Fig. 4 - An image collection of the investigated eastern area in Navelli village.
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Fig. 5 - The aero photogrammetric survey: on the left the images of the instruments used; on the right the result of image processing..

3. SURVEY STRATEGIES 

The municipality of Navelli, already investigated for 
drafting the post-earthquake PdR (Vernizzi & Ze-
rbi, 2012; Ventura, Montepara, & Zazzi, 2019), has 
been the focus of a new expeditious survey at the 
architectural scale and for the knowledge phases, 
since the area is still neglected (Ciuca, 2022). The 

procedure adopted within the integrated survey of 
the Navelli case study moves from the analysis of 
the methodologies employed in the scientific litera-
ture in the context of multi-scale and multi-sensors 
data acquisition and their integration, aligning with 
them (Chiabrando et al., 2017; Spanò, 2019).
The urban and built fabric characteristics of the 
analysed area were acquired using a mobile la-

ser scanner based on SLAM technology (Barre-
ra-Vera & Benavides-López, 2018; Sammartano 
& Spanò, 2018; Barba et al., 2019; Rinaudo & 
Scolamiero, 2021) and a Dji Mini 2 drone with a 
2/3’’ CMOS sensor for aerial photogrammetry 
(Ulvi, 2021; Teppati Losé et al., 2020).
The aero photogrammetric survey (Fig. 5) was 
carried out with three flights, each lasting ap-
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Fig. 6 - Survey with MMS: left, ZEB Horizon laser; right, results of the scanning process..

Tab. 1: Summary of data acquired with the MMS system

proximately 15 minutes. These enabled the ac-
quisition of 1020 nadiral and oblique images at an 
altitude of between 20 and 25 m. 
During the photogrammetric process, carried 
out using the Agisoft Metashape software, topo-
graphic coordinates were placed on the six mark-
ers physically positioned in the area before the 
survey - 3 Ground Control Points (GCPs) and 3 
Check Points (CPs). Data processing returned a 
cloud of approximately 198 million points, with an 
average quadratic error (RMSE) of about 50 mm 
for the CPs.
At the same time, the laser survey with the ZEB 
Horizon mobile scanner by GeoSLAM (2022) was 
carried out. This instrument allows acquiring good 
quality point clouds thanks to its inertial measure-
ment unit and SLAM technology. The laser has a 
range of 100 m and produces scans of indoor and 
outdoor environments in a short time, with an accu-
racy ranging from 1 to 3 cm. The ZEB Horizon scans 
were acquired through the execution of closed loops 
with an average duration of 10 minutes, covering a 
portion of the park and a specific building unit lo-
cated along the steps of Via Forno da Capo (Fig. 6).
This acquisition approach facilitates cloud align-
ment by minimising errors along the trajectory and 
increasing the system rigidity. The data were pro-
cessed using default settings in the GeoSLAM Hub 
cloud computing service. Table 1 shows the data ac-
quired through the mobile mapping system (MMS).
Finally, the integration of the two technologies (Fig. 
7), aerial photogrammetry and SLAM, was opti-
mised by positioning control points acquired with 
a GNSS-based topographic coordinate system. 
During the planning phase of the integrated sur-
vey campaign, points were materialised through 
the topographic targets on which mobile markers, 
visible during drone acquisition, were placed. These 
points were also acquired during the SLAM cam-
paigns by stationing the instrument on the target.
Each target was acquired by Geomax’s Zenith 16 
receiver (Fig. 8), which delivered the geographic 
and cartographic coordinates (Tab. 2) functional 
to achieve a proper georeferenced and alignment 
of the data acquired through the two different 
survey procedures.
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Fig. 7 - Results of the integrated survey.
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Fig. 8 - On left, the GNSS-based topographic coordinate system acquisition; 
on right, example of a monograph of surveyed points.

Tab. 2 - Summary of geographical and cartographic coordinates acquired.

A comparative analysis of some portions of the 
same point clouds obtained by laser and photo-
grammetry was carried out with the aim of assess-
ing the integrability of surveys and confirming their 
validity in terms of the precision of the final prod-
uct. In particular, the comparison between the two 
clouds was carried out on two different cloud por-
tions of the surveyed area (Fig. 9) using the Cloud-
to-Cloud (C2C) tool of CloudCompare software. This 
tool uses the ‘Nearest Neighbour’ algorithm (of the 
‘Hausdroff’ distance type) to calculate the Euclid-
ean distance between each point in the compared 
cloud and the nearest point in the reference cloud 
(User Manual Cloud Compare; Rockafellar & Wets, 
2009; Bronzino et al., 2019; Batur et al., 2020).
The main parameters for the comparison were then 
defined (Fig. 10), assuming the UAV photogrammet-
ric cloud as the reference cloud and setting 0.50 m 
as the maximum distance value not to be compared 
in order to exclude points in the compared cloud 
with an irregular distance to the reference cloud.
The comparison between the two clouds has cal-
culated the absolute distance C2C values that 
are displayed by mapping the scalar fields on 
the GeoSLAM cloud (Figg. 11, 12). A consistent 
geometric pattern can be observed in both test 
areas among the compared clouds. The main dif-
ferences, marked with warmer colours, are asso-
ciated with the vegetation and the non-acquisition 
of points relating to features that cannot be de-
tected by aerial photogrammetry, such as vaults 
and filiform elements. The values of the average 
distance and standard deviation obtained in the 
comparisons of the two-test areas (Figg. 11b, 12b) 
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Fig. 9 - Indication of the test areas compared.

Fig. 10 - Main setting parameters of the C2C tool in the CloudCompare software.

show that the average differences between the 
two clouds are almost similar, as the values of 
the average distance differ by a few mm. On the 
other hand, the standard deviation values show 
a difference of a few centimetres caused by both 
noises from the acquisition of a larger area and 
the presence of vegetation. As shown by the scalar 
field maps (Figg. 11a, 12a), the areas of masonry 
present smaller absolute distances than the ones 
characterised by vegetation. This difference, in the 
order of 2 cm, falls within the instrumental accu-
racies of the two techniques used.

4. RESULTS 

The main goal of the integrated survey of the 
north-eastern area of Navelli was to acquire the 
information needed to understand the qualities, 
both geometric and formal data, of the urban and 
building fabric to generate documents useful for 
the study and analysis of the built environment in 
this area. 
For the elaboration of the plans and facades, it was 
necessary to integrate the point clouds acquired 
with the different sensors, as each had specific 
properties. The GeoSLAM point cloud was poor 
in data at the top parts and rich in information on 
the ground connections of buildings and facades. 
While that acquired with the aero photogrammet-
ric survey was very detailed in the upper section 
and particularly noisy and deficient in the ground 
attachments of the artefacts surveyed due to the 
presence of small streets and contrasting arches 
between the buildings. Comparison between the 
two clouds showed a consistent trend in the scalar 
fields associated with the C2C distance and a mini-
mum deviation, calculated in terms of average dis-
tance and RMSE, between them. In addition, the 
results obtained from cloud comparison pointed 
out centimetric precision for both techniques, thus 
permitting the integration between the two clouds. 
Therefore, after the editing phase to eliminate un-
necessary and redundant data, a single point cloud 
was generated and used as a starting point for 
the two-dimensional drawings. These were per-
formed by exporting from the opensource software 
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CloudCompare the slices of the point cloud, which 
then were imported into assisted digital drawing 
software for subsequent processing into plans, 
elevations and sections. These were produced at 
different metric scales, ranging from 1:100 for the 
morphological-dimensional understanding of the 
entire area (Fig. 13) to 1:50 for the masonry and 
degradation classification of the artefacts.
The two-dimensional drawings were enriched with 
colour data thanks to the orthomosaics obtained 
from the photogrammetric survey, with a Ground 
Sampling Distance (GSD) of 6.5 mm/pixel, which 
ensured their good resolution. In-depth knowl-
edge of the artefacts in the area under investi-
gation is necessary for a correct interpretation of 
the architectural features and the peculiarities of 
the building fabric. The high level of information 
obtained by processing the data acquired and in-
tegrated during the survey phases represents the 
ideal starting point for detailed thematic analyses 
(Fig. 14) and for developing three-dimensional 
models through the consolidated Scan to BIM pro-
cedures (Godinho et al., 2020; Barba et al., 2021; 
Costantino, Pepe & Restuccia, 2021).

Fig. 11 - (a.) C2C result area test 1; (b.) Histogram with Gaussian curve and 
statistical parameters relating to absolute C2C distance in test 1.

Fig 12 - (a.) Result C2C area test 2; (b.) Histogram with Gaussian curve and statistical parameters relating to absolute C2C distance in test 2.

Fig. 13 - Geometric survey on a scale of 1:100 of the area under investigation.
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Fig. 14 - Two-dimensional representation of the investigated area and 
integration with aero photogrammetry orthomosaics.

Fig 15 - Modelling in a parametric environment of the architectural features 
of the building fabric.

As a consequence, the integrated point cloud pro-
vided parametric three-dimensional models of 
some valuable architectural elements detected 
within the investigated area, with the aim of mak-
ing available new data useful for the knowledge 
and analysis of the diffuse heritage in smaller his-
torical centres. The models of the portals identi-
fied within the urban fabric were produced, within 
the Autodesk Revit software, following the critical 
analysis of the geometric information acquired 
from the survey. The two-dimensional drawings 
obtained were imported into a ‘’generic wall-based 
model’’ to create a specific family for each type of 
portal. The single features constituting the archi-
tectural element were appropriately parameter-
ised (Santagati, Lo Turco, & D’Agostino 2017) and 
enriched with shared parameters that better de-
scribe each portal’s component (Savini, Fabbrocino 
& Marra, 2021). The parametric models created 
for the architectural elements of the openings in 
the building fabric of Navelli (Fig. 15) represent the 
first step towards the realisation of the HBIM mod-
el of the entire village and for the implementation 
of the SLATE 3D Catalogue, previously created for 
the other settlements located in the same territory 
(Savini, Fabbrocino & Marra, 2021).
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The results presented here can be further improved 
with respect to the scale of detail, as demonstrat-
ed by an experiment on the 927 cadastral parcels. 
In this case, the aero photogrammetric data of the 
building were integrated with those from terrestri-
al photogrammetry performed with a Canon reflex 
camera EOS 1100D (Tab. 3). This step permits to 
move from the urban scale to the scale of the single 
artefact, obtaining a complete 3D model enriched 
with semantic data and high-resolution photore-
alistic textures with a Ground Sampling Distance 
(GSD) of 0.73 mm/pixel (Fig. 16). This approach can 
adequately support the needs of specific and differ-
ent thematic analyses, such as buildings archaeol-
ogy and diagnostic investigations. These analyses 
allow assessing the consistency of structures, the 
identification of construction phases, and the state 
of conservation of the masonry surfaces.

5. CONCLUDING REMARKS

The multidisciplinarity is the key feature of effi-
cient and reliable strategies for the conservation 

and protection of the built heritage based on a de-
tailed and validated knowledge of the assets in a 
multiscale environment. One of the key issues of 
the process is the shareability of the data along 
with its velocity and efficiency. The target commu-
nity are numerous and heterogenous ranging from 
the specialised technical and scientific operators 
to the officers and the authorities involved in the 
management and conservation processes, even 
though it is easy to recognise that some sets of 
data and information are certainly of interest for a 
large non-specialist public for cultural and touris-
tic purposes. In this context, the application of new 
digital technologies, with the development of in-
formation systems based on Virtual or Augmented 
Reality or digital replicas of artefacts (such as 3D 
models GIS, NURBS or BIM), has brought different 
benefits and advantages to the field of knowledge 
for the identification of strategies of maintenance, 
conservation and enhancement of the historical 
built. The application of multi-sensor systems in 
the survey of morphologically and typologically 
complex areas and buildings is the most effective 

and suitable solution for the expeditious acquisi-
tion of information for multi-scale documentation 
of cultural heritage.
The results of the research are intended as a con-
tribution to the area of knowledge of digital and 
instrumental surveys, confirming the quality of 
the innumerable information achievable through 
integrated approaches based on specific thematic 
analyses. The acquired and processed data for the 
Navelli village are appropriate to be used within 
the multidisciplinary processes aimed at docu-
menting and knowing the heritage built to define, 
after the qualitative and quantitative assessments, 
the most appropriate strategies for the conser-
vation and restoration of the built heritage. The 
speed acquisition and processing of information 
through the adopted procedure can facilitate the 
hierarchical ordering of the data to describe ex-
haustively the historical constructions and the 
contexts of reference, as well as the processes 
connected to it, thus leading to the identification 
of new ontologies. In fact, these first results from 
preliminary analysis represent the starting point 

Fig. 16 - Results of terrestrial photogrammetry: (a.) sparse point cloud; (b.) 
dense point cloud; (c.) incorporation of high-resolution orthomosaics within 
the two-dimensional drawings.

Tab. 3 - Terrestrial photogrammetry dataset and processing results in Agisoft 
Metashape software.
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for future research aimed at defining the ontology 
of the minor historical centres of the Inner Areas 
of the country. The recorded point clouds and the 
following elaboration will be used to implement the 
HBIM models of the area examined and Complex 
Informative Systems, developed in VR and AR, with 
the aim of providing tools for increasing the conser-
vation and fruition of heritage and territory from the 
perspective of e-government and e-conservation.
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