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Abstract  
The mining sites are characteristic elements of 
anthropogenic territorial reality, but they can 
also represent unresolved critical issues, then 
one of the main challenges for world-wide 
territorial regeneration policies. Therefore, their 
enhancement requires greater attention from the 
scientific community, in respect to the current 
international scenario (European Directive 
85/337) and goals of the Agenda 2030. 
This contribution proposes the comparison 
between digital products deriving from the 
manipulation of open source datasets, through 
3D Map generators and VPL (Visual Programming 
Language, and information acquired with SfM 
survey techniques from UAV. The results, 
integrated in the GIS platform, favor the multi- 
scalar study of the space/environment of the 
Monte Sant'Angelo application prototype in 
Caserta and, consequently, the structuring of new 
information systems aimed at facilitating the 
cataloging and digitization of complex territorial 
realities, oriented to the distribution of 
sustainable project interventions for the city and 
its community. 
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Caves&Quarries within the Agenda 2030 
goals  
Mining sites represent one of the major 
challenges for territorial regeneration policies 
in Europe and world, often defined, in their 
space-typological connotations, with negative 
meanings that do not highlight the value of the 
ȬÃÕÌÔÕÒÁÌ ÌÁÎÄÓÃÁÐÅȭȢ 
In accordance with the objectives of the 2030 
Agenda, the study of these sites represents the 
basis for orienting and managing the 
development of processes that guarantee their 
recovery and enhancement, enhancing those 
characteristics that reinterpret them as 
possible economic and cultural resources, 
aimed at the sustainable, inclusive and lasting 
growth of the territorial realities involved, in a 
shared, participatory and identity perspective. 
The creation of an integrated platform, 
structured as a container of territorial models 
for the management of heterogeneous data, 
represents a tool to support the decision-
making process in consideration of the 
peculiarities of local realities, their capacity and 
level of development, necessary for the 

recovery of the cultural dimension and 
recreation of such spaces. 
This action aims above all to strengthen the 
resilience of places, improving the 
inclusiveness, safety and sustainability of the 

cities and human settlements involved through 
careful management of the eco-system and 
their historical -cultural dimension. 
Operationally, the study1 investigates the ex- 
extraction sites - understood as complex and 
continuously evolving realities - through 
consolidated digital survey methodologies, the 
integration of 3D Map generators software, the 
use of open data acquired and manipulated in a 
VPL (Visual Programming Language) and in 
combination with the use of GIS (Geographic 
Information System) platform for the 
structuring of an information database for 
sustainable planning. The approach is mainly 
aimed at the digitization of content by modeling 
the caveal space, the territory and the urban 
fabric relevant to it as a tool for enhancing the 
places investigated. 
The integration of these different digital 

representation techniques aims to demonstrate 
how the individual devices characteristics are 
considered by a level of complementarity such 

as to make an integrated system more 
performing and flexible, capable of returning a 
much better cognitive result in general terms 
and capable to adapt to the individual 
morphological needs of the ex-extractive sites. 

The last goal is to ensure a production of 
unpublished and coordinated graphic drawings 
aimed at the cataloging, management and 
enhancement of the quarry [1,2]. 

 
Comparative models for complex territorial 
elements digitalization  
Raising the international relevance of disused 
caves & quarries issue, we test modelling, 
overlapping and comparison methodologies of 
open DEM and survey data of sample Monte 
3ÁÎÔȭ!ÎÇÅÌÏ ÑÕÁÒÒÙ ÉÎ #ÁÓÅÒÔÁȢ 4ÈÉÓ ÒÅÓÅÁÒÃÈ 
activity is the first step of a broader program 
aimed to recovery and enhancement of caves 
and quarries territorial system (fig. 1). 
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Fig. 1 ð The case  of  Monte  S. Angelo  quarry  in Caserta,  with  the  indication  of the  main  territorial  artefacts.  
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The quarry, located on the Tifatini hills near the 
park of the Royal Palace, is characterized as a 
perceptive and physical void with a strong 
ÉÍÐÁÃÔȢ )ÔȭÓ ÁÂÏÕÔ ρφχ Ø ρςχ Í ×ÉÄÅ ÁÎÄ ÔÈÅ 
high of the excavation walls is 75 m. The site is 
the result of an open-pit mining activity of the 
limestone bank recently suspended. It occupies 
a singular position in the territorial system 
ÂÅÃÁÕÓÅ ÉÔȭÓ ÌÏÃÁÔÅÄ ÎÏÔ ÆÁÒ ÆÒÏÍ Ô×Ï ÈÉÓÔÏÒÉÃÁÌ 
artefacts: the abandoned Capuchin monastery 
of Puccianiello of the second half of the 16th 
century (north -east) and the ruins of the 
convent of the Doctrinaire Fathers of the first 
half of the 17th century (north-west). 
The choice meets two main operational needs: 
accessibility for the geo-metric detail data 
acquisition and the extraction and territorial 
characteristics [3]. 
Specific digital tools automatically discretize 
open data according to different categories 
(terrain,  roads, buildings, etc.) and they allow to 
integrate DSM filtering and segmentation 
process [4]. 
We propose a methodology to populate a GIS 
platform of Caserta quarries and caves system 
aimed at comparing and implementing 
multiscalar models built on open and survey 
data in order to support territorial 
enhancement. Adding additional heterogeneous 
data to the reference open DEM represents a 
possible solution to achieve a specific GIS of 
caves & quarries belonging to the wide sample 
area. 

 
DEM as integrated approach for multiscale 
representation  
For the analysis and management of the 
identified case study it was necessary to 
acquire the data on a large and detailed scale to 
build and implement the restorative digital 
model of its territorial configuration. For this 
purpose, the DEM represents the preferential 
digital container or place for organizing data [5]. 
Advances in land modelling find numerous 
applications on acquisition and manipulation of 
expeditious open DEM based on SRTM (Shuttle 
Radar Topography Mission) and OSM (Open 
Street Map) data according to CAD, VPL, BIM 
and/or GIS interoperability [6]. 
Algorithmic-generative approach allows DEM 
explicitation as discrete outputs based on open 
(.hgt) data acquired from GIS SRTM high 
resolution digital topographic database: the 
main goal of this research work is to manage 
morphological systems of caves & quarries. VPL 
approach allows to extract open DEM control 
points (3D coordinates) to explicitly manage 
corresponding meshes or NURBS features. 
Resolution of these data cells clustered into 
tiles is approximately 30x30m. This point grid, 
a discrete or polygonal model, coincides with 
an approximate point cloud of the terrain due 
to its different accuracy compared to detailed 
point cloud of a specific limited area.  
Therefore, if discrete model approximation 
decreases, cell resolution increases: this 
process allows to achieve a more refined 
polygonal model to iteratively fits the real 
reference element. Theoretical background 
about this topic is characterized by multiple 
approaches aimed at management and 
optimization of DEM built on open or UAV data. 

According to these premises, this paper aims to 
verify correspondence between open DEM 
(from points to mesh), characterized by a lower 
accuracy degree [7, 8], and real data, working 
on meshes subdivision and related relaxation 
aimed to achieve an explicit polygonal model to 
build a reliable multiscale GIS. 

Fig. 2 - VPL extraction and contour of NURBS surface from point cloud mesh of the sample quarry.  

Fig. 3 - Comparison between DEM and photogrammetric point cloud of the Monte SantõAngelo quarry. 
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Moreover, subdivided mesh can be transformed 
into NURBS (smoothing mesh) to manage 
malleability and aesthetics of specific digital 
output (e.g. VR, AR applications, graphic 
products or software interoperability) 
requiring greater surface continuity to 
adequately represent landscape elements and 
their level curves (surface contour) (fig. 2). 
According to these premises, consolidated 
approaches to extract continuous NURBS 
surfaces from point clouds or discrete models 
(e.g. patch surface, drap surface, etc.) find a 
correct application aimed at managing complex 
reference shapes and comparing their digital 
copies digitalized through different information 
systems.  
 
Survey and comparisons between models  
To detail the territorial model to be imported 
into the GIS environment, the survey provided 
for the acquisition of morpho-metric data from 
the Caserta quarry through an aerial 
photogrammetric survey [9]. 
Using an f/2.8 lens camera mounted on a DJI 
Spark, 1372 frames were acquired both with 
nadiral and inclined axes, thus recovering 
spatial information on different depth levels 
and limiting distortion errors. The shots were 
recorded at an average flight height of 100 m, 
ensuring an overlap between the same 65% 
and a GSD of 7 cm. In accordance with the 
standard photogrammetric pipeline, the dataset 
was triangulated starting from the bundle-
blockadjustment algorithm: after calculating 
the homologous points, thanks to the analysis 
of the internal and external orientation 
parameters, they have been used to produce a 
polygonal model through dense image 
matching algorithms. This model is 
representative of the territorial conformation 
of the quarry-case study. 
At the same time, the DEM model of the large 
area including the quarry was produced, using 
the open data referred to in the previous 
paragraph. Specifically, it has considered a 
portion of territory of about 11 sq km (2720 x 
3988 m) which, with the quarry of Monte 
3ÁÎÔȭ!ÎÇÅÌÏ ÉÎ ÔÈÅ ÎÏÒÔÈ×ÅÓÔ ÃÏÒÎÅÒȟ ÅØÔÅÎÄÓ ÔÏ 
the west, fully including the central system of 
the tanks of the Royal Palace of Caserta, an 
important landmark useful for the recognition 
of the discrete elements of the territory. 
Obtained the different models, open DEM, point 
cloud and corresponding photogrammetric 
mesh, these were compared to each other. A 
change of scale was therefore made from the 
larger area to a smaller and consequently 
detailed territorial portion. Considering only 
the DEM region of interest, the two models 
have been aligned by subjecting the 
photogrammetric cloud to a rigid 
transformation based on the identification of 3 
homologous points. 
The open mesh was used as a reference having 
satellite coordinates. The homologous points 
were chosen as discrete elements not belonging 
to the quarry, to avoid introducing a possible 
error variable in the ICP registration procedure. 
Once these corresponding points were 
identified, a rigid roto-translation was applied 
to the survey model, minimizing the average 
distance between the two groups of data.  

The calculated geometric divergence shows a 
substantial misalignment of the results, with an 
average deviation value of the order of 30 m, 
with a maximum of about 60 m, both in the 
central and marginal areas of the quarry being 
studied (fig. 3). 
Areas strictly affected by mining activities 
present significant deviations depending on the 
complexity of the structures involved. 
Furthermore, open data provide a DEM more 
homogeneous and uniform than the actual site 
conformation. Therefore, sample DEM has been 
recursively divided according to Loop Surface 
Subdivision algorithm: the process is aimed at 
relaxing the reference mesh and at improving 
the overlapping and topological consistency 
between the open DEM, SfM point cloud and 
reference area. Despite mesh subdivision 
(1x1m tiles), the overlap between models 
highlights an important topological 
approximation of open data: vertices are 
lowered or raised (+ 1.20 m / - 1.60 m) 
compared to the deviations previously detected 
for the original model. Topological editing 
algorithm allows mesh relaxation through a 
recursive division of planar faces. However, its 
displacement is constrained by vertices and 
naked edges of the reference mesh (fig. 4). 

These anchor elements have been imposed to 
maintain reference geometric data: however, 
this does not allow the expected morphological 
transformations (fig. 5). 
Furthermore, large irregular mesh subdivision 
determines a significant computational 
influence. Therefore, we are deepening 
research on topological editing of open DEM 
aimed at optimizing transformation of the 
reference mesh to better match it to the 
corresponding accurate point cloud: one 
hypothesis is to proceed by smoothing and 
subsequent subdivision of reference open mesh. 
The main goal of this process is to optimize 
reliability of open models to develop 
applications regardless of an accurate point 
cloud. The large and detailed area models, once 
compared, were important in GIS environment 
(fig. 6). The experimentation is also aimed at 
interpreting the up & down morphological-
compositional relationships between the built 
heritage and the natural and artificial quarries 
present in the territory. Thus, the territorial 
information contained in geolocalized map tiles 
and available on digital platforms such as 
OpenStreetMap, SRTM and implemented at the 
scale of detail by the photogrammetric SfM 
survey by UAV, have been added to the discrete 
system consisting of networks of points and 

Fig. 4 ðTriangular  Mesh topological editing  (open  DEM) according  to  Loop  subdivision  algorithm.  
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curves that structure the various elements and 
that allow the return of the orography, road 
systems, buildings, etc. The editing of the 
elements divided into Feature Classes, 
implemented with the qualitative, geo- metric 
and topological attributes (for example, 
extension of the site in plan and elevation; type 
and/or extraction area, authorization perimeter, 
characterization of the walls profile and the 
quarry square, slope of the walls, presence of 
shading elements, conservation status, 
administrative constraints, duration of the 
cultivation activity, date of disposal of the site, 
relationship with the surrounding building, 
etc.), represent the useful indicators to guide 
the decision-making process for the recovery 
and enhancement of the quarry systems, 
favouring volumetric analyses, studies on the 

orientation and inclination of the quarry walls 
as well as the investigation of intervisibility 
relationships with the closest emerging 
elements. Added to this is the opportunity to 
integrate and visualize data through a single 
Web-GIS information platform, as an open and 
multidisciplinary work, management and 
organization tool that allows a series of 
applications and solutions that are ideal for 
conservation projects of the memory and 
historical identity of a place [10]. 
 
Existent best practic es 
To proceed with the identification of possible 
intervention strategies, it is necessary to 
consider the ways in which the phenomenon is 
addressed at an international level. Ex-
extraction sites are places that could cause 

significant environmental damage with 
consequent alterations of the territory and 
ecosystems due to the peculiar presence of 
geographical contexts characterized by a high 
risk of seismic vulnerability and hydro-
geological instabilities [11]. 
Despite a preliminary and non-exhaustive 
national and regional reference regulatory 
context, the safety and restoration of ex- 
extractive sites after their exploitation appears 
superficial, and the theme of the enhancement 
of these places needs greater attention from the 
scientific community, especially in compliance 
with the current international scenario 
(European Directive 85/337). At a national 
level, dealing with the project for the recovery 
of the quarries (whether they are open-air or 
underground) and their sustainable 
enhancement would therefore mean adopting a 
dual approach of respect for the cavalry place 
and control of external resources for its 
redevelopment that the contemporary 
phenomena seem to pose as inevitable.  
The control of resources should be understood 
in this sense as the saving of public and private 
money, of materials, of waste produced by the 
construction site, making that place no longer 
represents a space from which to subtract 
resources. Confronting the ex-extractive areas, 
therefore, would mean looking at the spatial 
context of the quarries in respect and 
enhancement of its formal identity, without 
affecting the surface reservoir of the field, be it 
apogee or hypogeum. Always linked to culture 
and the presence of cave spaces, the city of 
Matera demonstrates one of the first examples 
of the recovery of underground quarries 
nationally. In this regard, mention is made of 
the intervention carried out by the city council 
ÆÏÒ ÔÈÅ ÁÎÃÉÅÎÔ ÃÅÎÔÅÒ ÏÆ ÔÈÅ Ȱ3ÁÓÓÉȱ ×ÈÉÃÈȟ ÉÎ 
one of its restoration interventions, creates a 
multifunctional container adapted to the 
irregular reservoirs of an ancient tuff quarry 
(fig. 7). Here, the sustainable recovery of the 
underground space has guaranteed both the re- 
appropriation and the conservation of an 
unused resource in respect of the surface 
morphology and, in a more cultural sense, a 
testimony of the ancient excavation techniques 
visible from the stone cutting marks left from 
ÔÈÅ ȰÃÁÖÁÍÏÎÔÉȱ ɉÄÉÇÇÅÒÓɊȢ 7ÉÔÈ ÔÈÅ ÓÁÍÅ 
cultural imprint, with an intervention to cr eate 
an urban park, we mention the ancient 
limestone quarry, today an archaeological park 
and lush garden that houses the famous 
Latomia del Paradiso caves in Siracusa (fig. 8). 
The theme of restoring ex- extractive sites can 
also be attributed internationally. On the Israeli 
territory [12] and the Southern Palestinian 
West Bank [13], for example, many studies have 
been conducted on the theme of the recovery 
and sustainability of open-air quarries, with the 
ÍÕÔÕÁÌ ÐÒÏÐÏÓÁÌ ÏÆ ȬÅÖÁÌÕÁÔÉÏÎȭ ÁÎÄ ÑÕÁÌÉÔÁÔÉÖÅ 
approaches (case by case) that quantitative, 
demonstrating that that of quarries, constitutes 
an extremely topical issue,  in which scholars 
constantly try to elaborate proposals to 
reactivate the relationship between man and 
the environment in places condemned  to 
isolation. In Israel, for example, the clear cut 
marks deriving from the extraction of the rocky 
banks on the hilly surface of Karmiel, become  

Fig. 5 ð Comparison  between  open  DEM reference and  subdivided  mesh.  Mesh  relaxation  depends  on  

constraint  conditions  imposed  on  edges  and  vertices.  
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design elements for the generation of natural 
artifact views (almost like the famous English 
gardens of the 18th century in Europe) for the 
conversion of an ex-mining site into an urban 
park which has not taken away the memory of  
the place, so much so that the park was given 
the name of Quarries Park Karmiel, better 
known as Galilee Park (fig. 9). 
From the reading and comparison of the 
recovery projects of the quarries which in 
recent years are becoming more and more 
frequent, it emerges the need to adopt a 
method of restoration intervention that 
operates through highly endogenous 
transformative dynamics. These modification 
processes of the cave space are moving in 
accordance with some points of the Agenda 
2030 to ensure, for example, the creation of 

economic, reliable and sustainable energy 
systems; building resilient infrastructure; 
making cities and human settlements inclusive, 
safe and long lasting. This will mean 
increasingly directing project research towards 
the adoption and testing of techniques and 
technologies compatible with an organic vision 
of the territory and architecture [14]. 
 
Metaproject  Data 
In accordance with the previous premises, the 
decision-making process aimed at the recovery 
of disused quarries involves multiple players 
and parameters diversified by subject area. 
Among them, the Drawing can play a 
connecting role, increasing the information 
baggage of the final decision maker. The 
importance of the recovery of these areas lies in 

their potential to become important 
opportunities for the reorganization of the 
territory, thus highlighting the profound link 
between the characteristics of the raw 
materials, extraction systems and geometric-
morphological data for the re-modelling of the 
territory.  
The preliminary analysis of project alternatives 
and their impacts requires collaboration to 
organize themselves into multidisciplinary 
teams to bring out the various opposing public 
interests which must unavoidably alongside the 
consultation of concerned citizens, businesses, 
local communities. This participation is useful 
for the detection of important information for 
the final quality of the intervention, for the 
evaluation of which a Web- 
GIS information platform such as that proposed 
in the contribution offers significant support. 
In the formulation of a quarry system recovery 
project, the alternatives through which it can be 
realized due to the attributes recognized to its 
notion, strongly conditioned by the physical 
and historical-cultural context in which the 
disused quarry is located, must be carefully 
evaluated. To be honest, the planning of the 
environmental recovery should start parallel to 
the project of cultivation of the mining activity, 
in order to direct the choice of the geometries, 
the times and the methods of reuse most 
suitable for the type of land and the conditions 
of the immediate urban context.  
Nonetheless, today the project of reuse of 
disused cavalry systems represents an aspect of 
great delicacy which requires, as seen, a post- 
operam survey to document the anomalous 
current situation. The possible recovery 
solutions could be implemented in accordance 
with the objectives of Agenda 2030 through 
methods aimed primarily at restoring the 
economic function (such as the installation of 
photovoltaic systems or artificial basins for 
agro-industrial use - fig. 10a) ensuring, in thus, 
access to cheap, reliable, sustainable and 
modern energy systems, in consideration of 
local realities, their capacity and level of 
development (goal 7); the recovery of the 
recreational dimension of spaces as a  strength 
for local tourism systems (such as refills for the 
construction of sports fields, theatres, parks, 
beaches - fig. 10b) making cities and human 
settlements inclusive, safe and sustainable (goal 
11); more attentive to the eco-system (such as 
reforestation - fig. 10c) by managing natural 
resources in a sustainable way and in harmony 
with Nature (goal 12); oriented to the 
formation and conservation of the historical-
cultural dimension of places (construction of 
museums, mining parks and environments for 
training purposes such as research laboratories 
and educational centres with local 
specialization - fig. 10d) thus creating 
conditions for sustainable, inclusive economic 
growth and lasting, for a prosperity shared and 
recognized as identity (goal 8). It is evident that 
the selection of one action rather than another 
is to be carried out on the basis of a careful 
analysis of precise objective and technical 
parameters: for example, for the re- 
naturalization of a quarry, it is necessary to 
evaluate, among others, (i) the slope, where 
sowing operations and shrubs can be applied to 

Fig. 7 - Casa  Cava , cultural  
center  in Matera.  

 

Fig. 8 - Latomia  del  Paradiso  
Park in Siracusa. 

 

Fig.  9 - Rehabilitating  Karmiel  
abandoned  quarry  as a  
public  park.  

 


