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ABSTRACT:

The essay shows some results of a research aimed at building a digital database of Sardinian military architectures of Second World
War. Following an activity of cataloguing entrusted to integrated digital survey methods already applied in other case studies of the
region, this contribute analyses the built heritage placed in territory of Bosa, a centre located in the west coast of the island, in which
33 bunkers have been founded, most of them represented in the IGM military historical maps.

These “modern sentinels”, positioned along the coastline, the main roads and the railway leading to the actual urban context, are
designed in reinforced concrete, also integrated with local stone, with a frequently use of square and circle shape often combined or
modified and adapted to achieve a complete mimesis in the landscape that hosts them.

The survey, applied at architecture and landscape scale, has produced a complete collection of data functional to realize an
interoperable digital database, a necessary tool for a deepened knowledge and enhancement of a lost WWII heritage.

1. INTRODUCTION

Sardinian coastal landscape is characterized by “modern wars”
heritage consisting of sixteenth century towers and bunker of
the Second World War. This condition offers the opportunity to
build a digital database functional to the knowledge and
enhancement of the WWII works that, unlike the ancient
towers, are not subject to protection and restoration projects.
The census of existing models favors the construction of a
stylistic repertoire and a comparison with archival documents
and with the works made in other contexts as the Mediterranean
coast of Spain (Martinez-Medina 2016).

Fundamental tool for the collection of information is the 3D
survey that allows to represent the architectural and landscape
heritage. To do this is essential to define documentation
strategies that select procedures and instruments, planning the
operational phases and the levels of information aimed to the
construction of a multidisciplinary and implementable 3D
information system, for management, maintenance, and
enhancement of architectural and landscape assets within
cultural routes (Parrinello et al., 2019). The selection and
structuring of data are therefore an essential step which
facilitates the use of the database (Toniolo et al., 2015).

The structure of the SIT must contain the data deemed useful
and, where possible, foresee future implementations.

The acquisition of data can be supported by digital survey
methodologies; among these the use of photogrammetry with
drones is widely used; their technological advancement makes
them tools that, while maintaining relatively high-performance
levels, allow to contain costs. High mobility allows drones to
have access to areas that are inaccessible to humans, both in
physical and environmental terms and to shoot at high altitudes
from different point of view, making extremely easy to work in
very large areas, as well as on individual emergencies.

All of these qualities, combined with the possibility of flight
planning and the high mobility of cameras mounted on drones,
make them instruments of exceptional flexibility of use.

The fields of use are multiple: from stratigraphic documentation
to static and structural analysis, with the possibility of switching
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from architectural to territorial scale (Fiorillo et al., 2015) and
represent the landscape transformation. The information
acquired through the photogrammetric survey can be supported
by instrumental survey and GPS references and integrated by
direct measurements and frames at the ground level with the
possibility of acquiring detailed information on the dimensional
and material characteristics that will compose the datasheet of
the single bunker. The digital models thus obtained through the
processing of data become part of an interoperable database that
can be interrogated to obtain alphanumeric reports and two-
dimensional and three-dimensional drawings.

2. STATE OF ART

Knowledge creation is fundamental to understand and interpret
cultural heritage and a multidisciplinary approach is needed
when dealing with it (Berto et al., 2017). This aim requires a co-
ordinated approach between the various actors, and systems are
needed to integrate the various competences involved.

In addition, heritage knowledge is now an indispensable part of
everyday life, not only in purely cultural but also in economic
and social spheres; an example is the role that collecting and
communicating this knowledge plays in the tourism and
experiential sectors (Ruhanen & Whitford, 2019).

The importance of knowing how to manage and preserve the
built heritage is such that these aspects also become an integral
and crucial part of strategic tools for the enhancement of the
territory; the Strategic Plan for the Development of Tourism
2017-2022 defined by the Italian Minister for Cultural Heritage
is an emblematic example. It is therefore evident that it is
essential to think of tools capable of managing the enormous
amount of data coming from multiple disciplines (Amato et al.,
2017), each contributing to the creation of a knowledge
framework as comprehensive as possible. Among the
information regarding the heritage, the information concerning
the various operations that involve and modify the heritage
cannot be disregarded (Rinaudo et al., 2007), both in the past
life and in the future of the artefacts. The need to collect
information come with the need to be able to plan the
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management of the built heritage both from the point of view of
its maintenance and safeguarding, and from the point of view of
its recovery and re-functionalization. The ability to manage
information becomes even more important in cases where
information is large and complex. This is the case of point
clouds resulting from laser scanner surveys or photogrammetric
systems; these survey methods allow an enormous amount of
spatial and chromatic information to be captured in a short time,
at the cost of relatively long post-processing times. Although
these systems often achieve comparable levels of precision,
photogrammetry is a much more convenient tool in terms of
cost and, above all, flexibility of use.

In particular, drone photogrammetry is increasingly being used
when accessibility to the sites to be surveyed is severely
limited; the causes that reduce accessibility can be either
physical, preventing the operator from reaching the artefact to
be surveyed, or environmental, due for example to chemical or
biological risk conditions (Westoby et al., 2012). For these
reasons the use of drones allows, with relatively low costs,
surveys of rather high quality (Brumana et al., 2013; Fernandez-
Hernandez et al., 2015).

Acquired the information, to be used profitably, it is also
essential to guarantee its accessibility. An established tool in
this sense is the geodatabase, able to contain spatial and
structured information (Malinverni et al., 2019); through these
tools it is possible not only to facilitate the management and
consultation of data, but also their implementation by different
subjects at different times.

However, accessibility and use are deeply linked to the sharing
of a single language among the various users and editors of the
database; to make it possible, there is a need to create and adopt
shared standards to standardise aspects such as definitions or
information formats. In this sense, there are numerous
contributions that analyse and propose different ways of
standardising information (Corns & Shaw, 2010; Fernandez-
freire et al., 2013). There are also numerous examples of
possible systems for the creation of information systems
(Costantino et al., 2020; Veenendaal et al., 2017).

The choice is obviously strictly determined by the purposes
which the information system is created for and thus by the type
of system itself. If GIS is by now the universally recognised
tool for working with geographic and spatial information, when
communication and information sharing have a central role, one
of the most used solutions is certainly that of Web-GIS systems
(Figure 1); it can be considered to all effects a true evolution of
the classic GIS (Baker, 2015), implementing the potential
offered by web tools in terms of information exchange, but also
for its analysis and communication. All the factors analysed so
far are some of the reasons why Web-GIS tools are increasingly
playing a decisive role in the cognitive processes involving the
built historical heritage; in fact, each step of these processes can
benefit from the possibilities that Web-GIS systems offer, from
the knowledge gathering phases, to the analysis phases, up to
the management, preservation, and valorisation phases
(Costantino et al., 2020; Dolce et al., 2019; Vandenbulcke &
Decock, 2016)
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Figure 1. WebGIS Architecture.

3. METHODOLOGY

The definition of the methodology is closely linked to the aims
to be achieved. As already mentioned, the proposed information
system is intended to support the communication, valorisation
and preservation of the architectures surveyed.

We have therefore opted for a methodology that is as synthetic
and flexible as possible, capable of being improved or extended
if the need arises in the future. In order to avoid limitations
caused by the cost of the instruments, both physical and
software, the use of low-cost technologies was favoured,
capable of guaranteeing the necessary quality in the various
operations (Sun & Zhang, 2018). The use of more expensive
equipment is not, as we shall see, excluded but limited to cases
of particular interest or with particular needs. The process
followed can be schematised into five macro-categories (Figure
2), of which the first three will be analysed in this contribution,
while the fourth and fifth, data input and communication, are
currently being developed.
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Figure 2. Figure placement and numbering.

The first phase is the identification of the features that our
database must contain. The features will have to be such as to
describe exhaustively not only the asset analysed as a physical
object but will have to give a framework as complete as
possible from a landscape, typological-functional and regulatory
point of view. For this reason, it was decided to use two main
classes of characteristics, those proper to the asset and those of
the environment in which the artefact is inserted (Vacca et al.,
2018). Among the characteristics we can cite the position, the
materials, the state of conservation or even any constraints on it,
as well as the historical and/or cartographic documentation.

The environmental characteristics include the accessibility of
the site, the naturalistic information of the area, the intended use
of the land or its typology. These will be followed by a whole
series of information on the relationship with other anthropic
elements, such as the presence of infrastructures or architecture
in the vicinity, distances from inhabited centres and so on.

A possible schematisation of the database structure is shown in
Figure 3. The data to be included in the database come mainly
from three sources: historical-archival documentation, surveys
of the artefacts and spatial analyses.

This contribution has been peer-reviewed.
https://doi.org/10.5194/isprs-archives-XLVI-M-1-2021-547-2021 | © Author(s) 2021. CC BY 4.0 License. 548



The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLVI-M-1-2021
28th CIPA Symposium “Great Learning & Digital Emotion”, 28 August—1 September 2021, Beijing, China

Construction techniques
Materials

-
Element

Classification Identification data

Restrictions Features

Normative references
Decay analysis

Historical maps Digital models

\Actual maps ) Accessibility

Close architectures
p < Defence function
Accessibility \Land features y

\Level of accessibility y

Defence function

Sea
Fluvial
\Unfrastructure y

Figure 3. Schematization of the structure of the database.

3.1 Survey

Survey operations have required an integrated methodology in
which direct measurements were supported by photogrammetric
surveys at close range, both from the ground and by drone.

The drone survey was of fundamental importance since, by their
nature, bunkers are often built in areas that are difficult to
access, making ground survey operations difficult or
impossible. In addition to solving the problem of accessibility
(Westoby et al., 2012), the drone survey allows for a large area
to be surveyed, which is crucial given our aims, while
maintaining a relatively low time and cost of execution, in line
with our objectives for this project. In cases of particular value,
where the site permits, further integration by laser scanning is
envisaged. The survey images were processed with the
photogrammetric software Metashape, from which it was
possible to obtain the point clouds and meshes at the basis of
the dimensional, typological, and geometric analyses.

3.2 Geodatabase

The geodatabase, the core of the information system, was
developed in parallel with the survey phases.

Having to work with information of different nature, including
spatial information, and having the need not only to collect but
also to manage and analyse such information, the choice of
using GIS tools is now almost taken for granted. These tools
have in fact established themselves for their ability to facilitate
the management of a considerable amount of information
through a single database, in addition to the considerable
possibilities offered in the analytical field, spatial and otherwise
(Agapiou et al., 2015; Guzzetti et al., 2010).
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Today, there are numerous tools, more or less advanced, for the
creation and management of geodatabases. Among the free
options on the market, QGIS has proved to be particularly
effective and versatile in numerous studies (Malinverni et al.,
2019). Nevertheless, it was decided to build the database using
PostgreSQL and its expansion for spatial data PostGIS, a tool
considered more suitable for the structuring of a database that in
the future will be implemented in a WebGIS system.

QGIS software was used to simplify database queries and to
perform analyses. Since the number of case studies, and
consequently the amount of information, was limited in this first
phase of the research, it was decided to use QGIS to carry out
the data entry phases as well.

3.3 Communication of information

The next step, currently in the development phase, involves the
creation of separate web-based interfaces for data entry and
consultation. At present, an initial analysis of the tools that can
be used for the creation and management of the interaction
interfaces between users and the database has been carried out;
remaining faithful to the intention of using free, or at least low-
cost, tools, it has been decided to create the dialogue
components with the database using the PHP language, flanked
for the creation of the interfaces by the classic HTML,
Javascript and CSS languages. As far as Javascript is concerned,
the Leaflet library for the creation of navigable and interactive
maps will be of particular interest; Leaflet is in fact currently
the tool chosen for the future development of the Web-GIS
platform that will be created for consulting the information
contained in our database.
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4. CASE STUDIES

The methodology has been applied to the system of bunkers
designed to protect the city of Bosa and its territory following a
first reconnaissance performed in the same area with
photogrammetric methods and the use of a drone (Martinez-
Medina, Pirinu 2018, Pirinu et al.,, 2020). In these area 33
bunkers have been identified. The models, mainly built with
reinforced concrete with shapes and dimensions in accordance
with the archival documents, are distributed along the provincial
roads that connect the city of Bosa with the territory, along the
railway track Macomer-Bosa and the coast, at the entrance of
the port to control the port and the mouth of the river Temo. In
relation to assigned task the bunkers are isolated or grouped and
the construction characteristics, such as the thickness of the
perimeter walls, may be different from what is prescribed in the
documents produced by the Military Engineers; this is evident
for the small pillboxes present in the area of Columbargia, near
the ancient Spanish tower, which have a masonry thickness of
45 cm and a weakly reinforced concrete combined with local
stone, unlike bunkers located close to the city centre, built with
a thickness of reinforced concrete walls of 1.40 m, constructive
characteristics that determine in the first case a clear state of
degradation. Starting from an analysis of the IGM maps kept at
the Historical Archive (AUSMEE, Rome) all of the artefacts
identified have been catalogued with the acquisition of the
information provided by the survey sheet (Figure 4). Field
operations required the integration of the photogrammetric
method and traditional survey for the documentation of
individual bunkers and landscape context (Figure 5); in
particular, the data collected with direct survey have been used
for the preparation of an abacus of plans and shapes adopted.
The photogrammetric survey instead required photographic
shots from the ground (inside and outside the individual
artefacts) and aerial shots with drone and aimed at the
production of digital models.

— ) J

Figure 4. Location of bunkers on a georeferenced map.

Figure 5. Some examples of bunkers built in Bosa territory.

5. APPLICATION OF THE METHODOLOGY

The survey has interested an area characterized by an articulated
landscape context that determined different design choices to
ensure mimesis and control of the territory (Figure 6).

Among different case studies the “Isola rossa” system is of
particular interest. Since the mid-sixteenth century it has been
guarded by a tower erected by the Spanish and enriched, during
the IWW, by a series of small bunkers designed to define a
system of control of the port and the mouth of the river Temo.
This site condition requires tools and methods capable of
documenting the entire defensive system at the scale of
architecture and landscape and contribute to the construction of
the digital database.

Since it is however planned to extend the case studies, the
implementation of these tools was made considering the
possibility of encountering in the future case studies of
particular interest and which may require the use of additional
tools, such as the use of laser scanners for completely buried
structures or built with traditional techniques (Figure 7).
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Figure 6. Abacus of several plans and shapes that can be found in the territory of Bosa.
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Figure 7. Underground vaulted passage located in the Porto Alabe Beach (Tresnuraghes). The structure, built wit local stone, is
particularly interesting for the use of traditional techniques integrated with the reinforced concrete.
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5.1 The Survey and representation of the Isola Rossa
defensive system

For the survey of the Isola Rossa system, it was used a DJI
Spark drone with flight plan at a constant height of 60 meters
and parallel stripes at a distance of 38 meters, cruising speed
7.08 m/s (25.50 km/h) and a travel interval of 4 seconds, such as
to guarantee a lateral overlap of 55% and a longitudinal one
close to 55%. A camera equipped with a 1/2.3" sensor with a
4:3 aspect ratio and a resolution of 12.4Mpx was used to run the
frames. The lens is equipped with a FOV (Field-of-View) of 94,
equivalent to 25mm (compared to the 35mm format). The flight
characteristics has determined an area of investigation is 84.69
m x 63.52 m with a pixel resolution on the ground (GSD) of 2.1
cm/pixel.

The nadiral photos were supplemented by oblique ones taken at
an appropriate height to document the sides of the promontory
and another series of aerial photographs of the bunkers and the
tower, taken at an altitude lower than these. The shots from the
drone have been completed by images taken on the ground
level; these ones, for the extremely lower shooting distance,
ensure a definition consistent with a reproduction of the
elaborate at architectural scale.

At this stage, a Sony ILCE-7M2 mirror less camera was used,
equipped with a 36 x 24 mm Full-Frame format sensor, with an
aspect ratio of 3:2 and a resolution of 24Mpx with a Laowa
Zero-D 12mm wide-angle fixed focal length and a maximum
aperture F/2.8. The images were captured outside and inside of

the small bunkers, with the aim of obtaining a high overlap
between the shots and a complete three-dimensional model.

The field operations were followed by data processing. Once
the images suitable for the photogrammetric method have been
selected, the SfM process with software Agisoft Metashape has
been carried out with which -starting from the recognizable
elements- have been defined matching points that have
produced a scattered cloud; this cloud has been analyzed and
processed to allow a correct alignment of all images used during
the process.

In particular, special care was taken to ensure that the images of
the exterior and interior were aligned in a single chunk, in order
to avoid alignment and scaling on the dense cloud. The
scattered clouds obtained as a result of the SfM process, net of
treatment and optimization, measure for the whole Isola Rossa
886.000 points, for the tower 188.000, while for the single
bunker 1.413.885 points. Subsequently, we moved to the
calculation of the dense cloud —that become part of the
database- obtaining for the Isola Rossa 59.000.000 points, for
the tower 8.200.000 points and for the bunker 151.000.000
points. The point clouds were then elaborated with the software
CloudCompare.

The result is a digital model (Figure 8) aimed at highlighting the
design choices at the time of the conflict and today useful for
the enhancement of the cultural heritage by means the creation
of a cultural itinerary guaranteed by the preservation of the
historical and visual paths that connect the existing
architectures.

Figure 8. 1 - Digital model of the Isola Rossa and detail of the bunker positioned to control the entrance to the port, 2 - Orthophoto
of the Isola Rossa, 3 - Environmental sections of the Isola Rossa along the NS axis and along the EW axis.
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5.2 Database implementation

At the same time as the survey operations, the database was
created according to the scheme described above. PostgreSQL
software was used to create and manage the database. In
addition to the normal relational database management system
(DBMS) functions of PostgreSQL, it is possible to add new
spatial functions to allow the management and use of
geometries and reference systems within the same database. The
transformation from DBMS to geodatabase is possible thanks to
the PostGIS extension of PostgreSQL.

Every aspect of the system is entirely managed by the SQL
language, from the creation phase to the modification or query
of the database; the pgAdmin tool, a GUI (Graphic User
Interface) under PostgreSQL License, was used to facilitate
these operations. As we have seen, in this phase of the research
the database is organised according to a filing of the main
characteristics of the individual artefact and the context in
which it is located. In order to avoid misspellings or subjective
nomenclatures, for the parameters that can be shared by several
elements, such as materials, shapes or defensive function, we
opted for the creation of a list of predetermined entries; this list,
initially formed by the entries necessary to describe the current
case studies and any others planned, can obviously be
implemented as soon as a new case study makes it necessary.
The adoption of pre-compiled lists has obvious advantages
especially with regard to database queries, as they allow the
elimination of multiple entries for the same parameter.

|d Bosaot

Name Culumbargiadl

Location  lec. Gulumbargia, Tresnuraghes (OR)

Elevation MSL  2om
Present on IGM map Yes No Year 1942
Description

two pillbox in reinforced ¢ls

Measures 450 Wall thicknesses

Materials Reinforced CLS W

Local stone v Shape

Circle + Square

Aocess\ﬂbm[y yes, thera’s a path from the locality of Porto
Alabe leading to the bunker

Cartography

Save

Coordinates 40.229246, 8.463323

Defensive function Sea

min 45cm

Decay state deteroration of the structure with exposed
aggregates and reinforcements

6. RESULTS AND FURTHER RESEARCH

The activity of cataloguing the models present in the territory of
Bosa has highlighted the conservation of a control network that
can be recovered and enhanced. The application of modern
survey techniques to the scale of individual architectures and
landscape and the support of digital tools have contributed
significantly to the construction of a georeferenced and
implementable database, capable of producing and manage
summary sheets (Figure 9), thematic maps, two-dimensional
and three-dimensional models of bunkers and the context in
which they are inserted, sometimes inaccessible due to
environmental conditions or state of degradation of the
structures.

The result obtained is a further step in a path that provides a
complete reconnaissance of military architecture built in
Sardinia during the 1942 and contributes to their knowledge and
dissemination and offers the necessary information for their
protection and enhancement. In terms of representation and
communication, the use of drones has in turn allowed the
production of models of the landscape interoperable and usable
also on the web favouring knowledge and therefore attention
and awareness to the recovery of these "stubborn ruins",
witnesses of a recent past.

max

Figure 9. A preliminary propose for summary sheet for querying or editing of database data.
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