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Abstract: The Spanish Civil War is a chapter of a historical memory that has been avoided for years,
rejecting any lived event. In recent years, this trend is changing, and public administrations are
beginning to promote its recovery, starting by declaring this heritage as an Asset of Local Relevance.
The aim of the current research is to study, analyze, and document the military constructions erected
by the Government of the Republic during 1936-1939, at the Cullera’s Cape (Valencia). The research
begins with the historical context definition, to subsequently approach the study of the material
remains, analyzed after an exhaustive and rigorous graphic documentation work. The methodology
followed had to be adapted to the needs of the constructions and their surroundings, which led to
the use of a combination of 3D survey techniques based on terrestrial laser scanning and digital
photogrammetry methods. Accordingly, we were able to digitize, geometrize, and document both
the buried and the exposed construction remains, in a correct and precise manner. This is a unique
and unprecedented investigation despite its significance and historical relevance. The present work
can serve as a basis for the musealization of the site, contributing to its recovery and enhancement.

Keywords: laser scanning; photogrammetry; Spanish Civil War; military architecture; cultural
heritage; Cullera

1. Introduction

After the uprising of General Franco’s troops against the Government of the Spanish
Republic in July 1936, the Spanish Civil War (1936-1939) spread rapidly throughout the
peninsular territory, splitting the country into two factions. In November of that same
year, the pressure of the troops in Madrid caused the Government of the Republic to move
to Valencia, making this region especially vulnerable [1]. The new war strategies and
the possibilities offered by modern weaponry forced the Government to design a defense
program to protect the civilian population from attacks received by land, sea, or air [2].

In 1937, after the successive airplane attacks directed by the nationalist faction from the
island of Mallorca [3], the Republican Government ordered the construction of a defense
network, located at strategic points in the proximity of port infrastructures and inlets
propitious for the landing of enemy troops. This network was organized on two levels:
bunkers proliferated at lower heights, based mainly on the burial of the positions and
the use of reinforced concrete [4]; anti-aircraft batteries at higher positions, constructed
with masonry and reinforced concrete. Among the elements used to integrate the second
defense front, coastal batteries were very common.

In general, coastal batteries were constituted by a circular platform, delimited along
almost the entire perimeter by a masonry wall. The armament was anchored on a metallic
structure in the center of the platform, with the possibility of turning, allowing covering
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360° to be able to follow the trajectory of enemy airplanes. The diameter of these platforms
ranged between 3 and 15 m. A key component of defense was the construction of a front
parapet housing two niches underneath: one for storing gunpowder and the other for
storing ammunition (Figure 1). Next to the anti-aircraft batteries, other constructions were
erected, such as the gunpowder magazine, protection and shelter areas for the troops, or
the command and observation post, always located in the rear. In addition, there were light
reflectors for night attacks, machine gun nests, or even trench nets close to them [4].

Figure 1. Historical photograph of coastal artillery. Source: Virtual Defense Library.

Anti-aircraft batteries are not only found at sites on the Mediterranean coast, but are
also spread along the entire peninsular coast, the Galician estuaries, and the Canary and
Balearic archipelagos. Despite the number of such constructions, studies on the subject
are scarce, with the exception of the work carried out on the coasts of Alicante [3,5] and
Cadiz [6,7], where a great deal of documenting work has been performed.

What happened in Spain during the Civil War was the prelude of what would happen
later on in Europe. The outbreak of World War II urged the German army to build fortifica-
tions, bunkers, and defense positions along 5000 km of the Atlantic coast, forming what
was known as the Atlantikwall [8], which extended from the north of Norway to the south of
France, passing through countries such as Denmark, the Netherlands, and Belgium, where
today it is still possible to visit some of these constructions.

Today, this type of architecture has little social recognition as it brings back memories of
an era of war and violence that is still too recent. It is considered an uncomfortable heritage,
as classified by some authors [5], scarcely studied and valued and, for many, devoid of
aesthetic sense, which makes it a vulnerable heritage, being also scattered, hidden, and
often located at places of difficult access, contributing even more to its abandonment. In
spite of this, it is part of our history since the use of reinforced concrete marked a turning
point in architectural solutions by granting new possibilities that until then had been
impossible.

In Europe, in recent years, we find actions aimed at the enhancement of the most
recent war heritage. This is the case of Norway, where there was a proposal to reuse civil
defense shelters for food storage and even as entertainment and recreation spaces [9]. On
the Dutch coast, numerous bunkers buried in the sand have been recovered and opened to
the public, which are visited by tourists during the so-called “Bunker Day”. Moreover, in
Scotland, there is a growing interest in the reuse of buried constructions, once conceived
for defense military purposes during the Cold War [10].

On the Spanish coast, we can find some reuse initiatives and/or enhancement work
of military structures from the Civil War. For instance, the defense complex of Tur6 de la
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Rovira [11], in Barcelona, consisting of a pavilion for officers and another for the troops, in
addition to an anti-aircraft battery with a command post now turned into a city lookout,
was recovered and musealized. In the Strait of Gibraltar, the City Council of La Linea de
la Concepciodn initiated, two decades ago, a project aimed at restoring and recovering its
military heritage.

In the Valencian Community, public administrations have also become aware in the
past years of the historical importance of this heritage, making key decisions regarding its
protection, recovery, conservation, and enhancement. The most relevant intervention was
the declaration of this war heritage as an Asset of Local Relevance (ALR) and its subsequent
inclusion in Section 2 of the General Inventory of Valencian Cultural Heritage [12]. Recently,
in some places such as Valencia, Alicante, or Burriana, several bunkers and/or shelters
have been intervened and musealized, opening them to visitors. In other instances, some
tourist routes and guided tours have been created, such as the bunker route at the towns
of Nules or El Puig. In Cullera, since 2010, the City Council has carried out a policy of
conservation and recovery of the Civil War military architectural heritage, as exemplified
by the “Project of recovery, restoration, and enhancement of the Market’s Air-Raid Shelter”.
Currently, this shelter acts as a Civil War Museum and is one of the most visited spaces of
the Local Museums of the Cullera network.

Following this trend, in recent months, the City Council of Cullera has participated in
the call for “Aid for the implementation of actions related to the historical and democratic
memory of Valencia, the enhancement of places of memory, and removal of vestiges
relating to the Civil War and the end of the dictatorship”, convened by the Department
of Participation, Transparency, Cooperation, and Democratic Quality, of the Generalitat
Valenciana. The work to be carried out for the recovery of the defensive architecture of
Cullera’s Cape is part of this call for aid.

2. Research Aim

Knowledge of an architectural asset is a prerequisite for any action, whether for con-
servation or intervention. The International Charter for the Conservation and Restoration
of Monuments and Sites, known as the 1964 Venice Charter, adopted by ICOMOS in 1965,
states in Article 16 that “in all works of preservation, restoration or excavation, there should
always be precise documentation in the form of analytical and critical reports, illustrated
with drawings and photographs” [13]. Thus, the architectural graphic survey constitutes
the first step toward acquiring deep knowledge of the object, since it allows analyzing
and understanding it in all its facets [14,15]. The general objective of this research is docu-
menting the military constructions built on Cullera’s Cape (Valencia) during the Spanish
Civil War (Figure 2), using architectural graphic survey methods as the primary source
of knowledge of their material remains, which today are the anti-aircraft battery and one
of the coastal bunkers. There is hardly any data on the remaining military constructions
on the Valencian coast, beyond those provided by Martinez Medina in his study of the
Alicante coast [16]. Both the three-dimensional model and the architectural plans obtained
will support its documentation, inspection, maintenance, and restoration [17,18].
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Figure 2. Plan of the original project of the Cullera’s command and observation post and the anti-
aircraft battery (1937). Source: General Archive of Simancas.

3. General Framework of the Investigation

On 8 August 1936, the Sucrona magazine of Cullera, issue 720 [19] published the
news of the outbreak of the Spanish Civil War. From that moment, the municipal authority
was replaced by a committee of the Popular Front: collectivization and clashes between
syndicates took place, the hospital was enabled as a Military Hospital to which evacuees
from the occupied areas began to arrive, and both active defense (concentrated on the
coast, lighthouse, and beaches) and passive defense (focused on the construction of air-raid
shelters) were organized, planning three types of actions:

1. Construction of bunkers or air-raid shelters: four air-raid shelters were built in
Cullera, one in each neighborhood, as part of the passive defense. Although the beginning
of their construction was delayed, the bombing of the railway station and the bridges of
Cullera in November 1938 accelerated their construction [20]. In spite of this, the war was
coming to an end, and these constructions remained unfinished.

2. Construction of coastal defense structures: within the active defense, several mil-
itary defense structures were built on the Levantine coast, from Sagunto to Denia, with
anti-aircraft batteries located in the towns of Canet, El Saler, and Cullera [21]. Its objective
was to face the attacks since first sighting, trying to prevent the landing of troops [4] and,
thus, protecting the Government of the Republic settled in Valencia.

3. Other facilities and infrastructures: several actions were carried out, such as the
habilitation of the Hospital de la Sangre, which became part of the republican hospitals
network, and the improvement of the railway network, reinforcing its strategic position in
the exchange of goods and raw materials that were sent from Valencia to southern regions.

Several battalions and organizations of Cullera [22] participated in these actions, being
the Fortifications and Works Battalion, the one in charge of defending and fortifying the
coast, as well as taking responsibility for the construction of the cape’s defense structures
and the coastal casemates (Figure 3).
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Figure 3. View of cape Cullera before (left) the construction of the anti-aircraft battery and
today (right).

Object of Study: The Defense Complex of the Cape of Cullera

Cullera’s Cape constitutes, for many reasons, a unique site on the coast of Valencia for
the construction of this defense complex: (1) for its strategic position in the defense line
of the Valencian coast, since it is the only geographical feature extending into the sea in
the shoreline area between Sagunto and Denia, providing a visual field covering an arc
of 180°; (2) because geographically it is a hill, allowing the construction of an elevated
command post in the rear of the battery from which to look out for and warn of possible
attacks; (3) for its location, south of Valencia and in front of the coast of the Balearic Islands,
from where the allies of the nationalist faction took off to bombard the city.

The defense complex of Cullera’s Cape, known as “Coastal Defense Artillery Post No.
27, is located to the south of Cullera’s lighthouse, on the Penya Alta, between the Punta de
la Bancada and the Punta de Mascarell. It is composed of a battery close to the coast, as
well as a command and observation post on the mound located just behind (Figure 4). The
ensemble was completed with the construction of artillery casemates scattered around the
bay, located on the lighthouse’s beach, on the Racé beach, at the mouth of the River Jucar,
and on the Marenyet beach, among other places [20]. Currently, only a few vestiges remain.

Figure 4. Images of the current state of the command and observation post (a,b) and the anti-aircraft
battery remains (c,d) on frame number 315-111 from 1945, corresponding to the American Flight
series A (1945-1947). Source: IDE—Valencian Cartographic Institute.
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4. Material and Methods
4.1. Graphic Documentation of Cullera’s Lighthouse

Technological progress in the field of graphic survey methods is contributing to the
conservation of architectural heritage while allowing the acquisition of deeper knowledge
of heritage assets and facilitating its dissemination [23]. By means of 3D data acquisi-
tion techniques, it is possible to obtain a complete three-dimensional record, from which
different products can be subsequently procured, ranging from three-dimensional pho-
togrammetric models or colored point clouds to traditional graphic documentation data. In
the field of architectural heritage, the most commonly used techniques are terrestrial laser
scanning (TLS) and digital photogrammetry or structure from motion (SfM). However,
in recent years, a new mobile mapping system (MMS) based on SLAM (simultaneous
localization and mapping) technology is gaining importance, standing out for its ease of
use and speed, as well as its possibility to access limited physical spaces, impossible for
other technologies [24].

In most cases, these techniques are not used by themselves, and it becomes necessary
to employ a combination of them, which requires some expertise and adaptability [25],
since there are factors depending not only on the data acquisition technique chosen, but
also on the conditions of the asset [26] and the expected result. For instance, there have
been cases in which, due to the difficulty of access to the site, it has been necessary to resort
to a scanner-on-rails, making it possible to position it in remote locations without the need
for an operator to travel with it [27]. In other cases, the lack of indoor light leads to the
use of a synchronized flash trigger to perform the photogrammetric survey [28]. On other
occasions, it is necessary to consider using a hybrid methodology [29-31], allowing the
combination of several methods [32], as the best choice. In the work carried out on the
unearthed friezes in the tunnels at the Archaeological Site of Holmul in Guatemala [33],
a comparison study was performed on the data acquired by means of a structured light
scanner and a terrestrial laser scanner. Furthermore, in a recent study conducted on the
Tholo of El Romeral, belonging to the Antequera dolmen site, three techniques were used,
featuring a comparison between SLAM-based mobile mapping systems (MMS) and the
already consolidated graphic recording systems such as TLS and SfM [24].

In the case of the defense complex of Cullera’s Cape, the indoor lighting conditions
and the size of the buried constructions required the graphic survey to rely on a hy-
brid methodology, combining active sensors techniques (TLS) for data acquisition with
passive survey methods (SfM/IM). The work was carried out in two phases: one of in
situ data collection guaranteed by the use of various techniques and equipment, and
the other of desk-based work, in which the clouds were recorded, the photogrammetric
models were obtained, and the necessary graphic documentation was elaborated for its
subsequent analysis.

4.2. Terrestrial Laser Scanning (TLS)-Based Survey

For the project, a Leica RTC360 laser scanner was used, chosen on the basis of its
high performance, reduced size (120 mm x 240 mm X 230 mm) and manageability (it
weighed 5.35 kg, which facilitated moving around the galleries; Figure 5). This scanner has
a measuring rate of up to two million points per second, with a range of 0.5 m to 130 m, and
a field of view of 360° horizontally and 300° vertically. To acquire the color information,
the scanner integrates three 36 MP cameras, operating under an advanced HDR imaging
system. The RTC360 has three scan resolutions: high (3 mm), medium (6 mm), and low
(12 mm) at a 10 m radius. In this work, the high resolution was used in outer spaces, while,
in the interior of the galleries, given the proximity to the walls and vaults, data acquisition
was performed at medium resolution. A noteworthy feature is that it incorporates a system
based on VIS (virtual inertial system) technology allowing field recording in an automated
way, without the need for any support elements.
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Figure 5. Data collection in the underground passage of the anti-aircraft battery: current status (2021).
Access B (left) and access A (right).

After analyzing the different sites, several factors were identified as potentially having
a direct influence on the survey planning and programming. On the one hand, the narrow-
ness of the passages and their linear nature meant that visual connectivity between scans
would be poor, which prompted an increase in the number of scans. This same problem
has also been faced when taking data in narrow streets in historical city centers [34,35].
On the other hand, the absence of light inside the gallery made both image capture and
in situ scanning a complex task [6]. Lastly, the state of abandonment of the underground
constructions, full of debris, often made it difficult to park the equipment, slowing down
data collection. In order to optimize and minimize the time of data collection, it was neces-
sary to carefully plan the more suitable locations ahead of time [36,37]. In this regard, those
investigations seeking to optimize the terrestrial laser scanning technique using simulated
tunnel scans [38,39] are of great interest.

In the outer works, photographs were taken with the scanner’s integrated cameras
to obtain the points” RGB values, resulting in colored point clouds, while, for indoor data
acquisition, the point cloud was taken without images due to the absence of light. The
overlap between the interior and exterior was ensured by scanning at the thresholds of
the accesses.

During the data acquisition phase, 58 scans of the battery were taken: 38 of them
on the outside and 20 on the inside. Their recording generated a cloud composed of
337 million points with an overall accuracy of 3 mm, as a result of 61 links between stations,
with a 50% overlap between point clouds (Figure 6). In terms of the observation post, the
same method was followed, requiring 32 scans: 12 in the interior and 20 in the exterior. The
result was a cloud composed of 300 million points, with an overall accuracy of 2 mm, as a
result of 27 links between stations, with a 51% overlap between clouds.

Once the clouds were registered and merged, three-dimensional models of the bat-
tery and the command post were obtained. In both cases, the merging of the clouds
was fast thanks to the RTC360 visual inertial system. Only in some complex cases was it
necessary to resort to manual alignment of the clouds. The software used was the Leica
Cyclone REGISTER 360, which offers the possibility of creating sections of the model
from parallelepiped-shaped boxes containing the cloud. Orthoimages were imported into
AutoDesk’s AutoCAD software, and the different views were scaled and delineated, trans-
forming them into architectural graphic documentation. In the end, a total of 34 vertical
and four horizontal sections of the battery were obtained, in addition to six vertical and
three horizontal sections of the command and observation post.
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Figure 6. Point cloud and scanner positions. Source: own elaboration.

4.3. Survey by SfM/IM Photogrammetry

Today, thanks to recent advances in computer vision algorithms, there are automated
procedures available capable of generating dense colored point clouds. This software
improvement has brought the method closer to the user, acquiring great popularity in
recent years, which has sometimes led to erroneous but apparent results, since the software
is so user-friendly that it gives the false impression that it is a simple method [26]. Thus, it
is fundamental to implement a rigorous methodology in order to obtain accurate results.

The SfM/IM technique allows for 3D point cloud reconstruction of an object from a
set of 2D images (photographs). The procedure starts with the extraction of features from
the photographs (operated thanks to scale-invariant feature transform (SIFT) algorithms)
which is followed by a higher-density matching operation (random sample consensus
algorithm) to find a large number of corresponding points in the set of images. At this
stage, homologous points are detected and can be projected in a 3D space thanks to a
photogrammetric process. The result is a 3D point cloud in which each point shares the
coordinate system and is allocated the RGB value. The point cloud generated can be
processed to obtain a surface model integrated by triangular faces (polygonal mesh) and
textured by projecting the images over the model itself (Figure 7).
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Figure 7. A 3D model of the West gallery, obtained by SfM/IM. Source: own elaboration.

This system was used in order to determine the orthoimages serving as the basis
for the wall analysis of the interiors of the constructions. The constraints for this survey
were complex, mainly due to the complete absence of light and the reduced distance
available to photograph the walls (1 m approximately). Given the impossibility of carrying
electric power by cable, and initially discarding the use of a combustion engine for power
generation, two methods were considered:

(a) Using two wireless flashes arranged at the camera sides;

(b) Working without lighting support.

In all cases, a Sony «7r camera was used, with a 36.4 MP full frame sensor, a Sony
28 mm {2 fixed focal length lens, and Godox V1 automated TTL compact flashes.

The results obtained, according to the first method based on the use of flashes, was very
satisfactory. Uniform illumination was achieved, despite the short distance between the
camera and the object, resulting in the absence of areas of uneven light intensity. In addition,
placing the light sources at both sides provided a grazing illumination favoring an in-depth
reading of the surface. Filters were used for wide-angle specific flashes, which, along with
the use of the TTL system, ensured the correct lighting setup for the photographic shot.

In the second method, on the contrary, the distance between the camera and the object
increased due to the space required for the tripod arrangement. In addition, due to the
scarcity of light, long exposure periods were used to capture the shots. In consequence,
despite the conditions described, the result was acceptable, although processing was needed
to improve the lighting.

With this method without illumination, we also made an attempt to take pictures
without using a tripod in order to improve the speed between shots. Surprisingly, high-
quality snapshots were obtained, with almost imperceptible differences with respect to the
use of the tripod. However, it was necessary to set a proper white balance and fix the ISO
sensitivity at 6400 to reach a speed of 1/60 second and an exposure compensation of +0.7.

The orthoimages obtained had a 1 mm/pixel resolution, which could be even higher
given the short distance to the object and the sensor’s high resolution. However, the
established resolution was sufficient for the detailed analysis of the wall facing (Figure 8).
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Figure 8. Partial orthoimage of the West gallery (left). Detailed view of inscriptions (right). Pho-
tographs taken without flash or tripod. Source: own elaboration.

5. Results

Following the graphic surveying, we undertook the study and analysis of each of the
elements integrating this defense complex, as described below.

5.1. Anti-Aircraft Battery

From the results of the graphic survey of the battery remains (Figure 9), located at
an altitude of 35.75 m above sea level, it can be deduced that it was integrated by two
circular platforms of approximately 8.50 m diameter each, with anchorages at the center
to attach the artillery. The platforms were accessed through esplanades located on the
opposite side of the sea. The remains allow observing that the southwest platform (platform
A) is surrounded by a wall 0.55 m wide, reaching a 1 m thickness on the side facing the
sea, indicating the place where the front parapet would have been located. Likewise, this
platform is communicated with the viewpoint esplanade through a small passage 1.30 m
wide located to the east, a space that would have possibly coincided with what was one
of the storage niches at that time. There are no remains of the other niche. The second
platform, located 27.75 m away from the first one in the direction 52° W (platform B), is
much more changed than the first one. This one also has a 1.30 m wide passage, located
to the south, connecting it with the viewpoint through a small stairway. The reading of
these remains is more challenging, since the platform was converted some time ago into a
playground, installing several swings on it. In this case, the wall surrounding it is 0.66 m
wide, although the remains of the front parapet are not visible. Regarding the niches, there
is a mark on one side of the wall, in the shape of a semicircular arch, which may coincide
with the place where one of them was once located.

What has been preserved almost intact is the underground construction located un-
derneath the battery. Through two accesses, one located practically to the west (access A)
and the other to the northwest (access B) of the platforms, access is given to two 1.20 m
wide galleries excavated in the mountain, which intersect in the gunpowder magazine.

The gallery departing from access A has a length of 23.90 m to the gunpowder maga-
zine. The first thing that can be seen when entering, attached to the wall, are the remains of
the emblem of the organization in charge of the military defense of the coast, whose central
coat has disappeared, and it reads “"COASTAL DEFENSE ARTILLERY. SECTOR No. 2”.

This gallery is divided into three sections differentiated by alignments that follow
different orientations, slightly turning toward the left. Between the first and the second
sections, there is a double-bend turn in the corridor path. In the second stretch there is a
concrete bench for the troop’s rest. At the end of the second section and beginning of the
third, we find two dependencies located to the right destined to the guard corps, covered
by an in situ casted concrete iron-beam slab, in which a continuous bench reminds of those
found in the refuges destined to the civil population. These dependencies consist of two
rooms of quadrangular geometry, approximately 2 m x 2 m, that served as a rest area for the
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guard. At the end of this section and connecting with the part of the gallery located to the
northwest, there is a larger room, the gunpowder magazine, located approximately 8.90 m
below the battery. A flat lintel, made of a metal beam now in ruins, indicates the entrance
to the room and displays the year of its construction: 1938. The room, 3.60 m x 2.80 m, is
full of debris, leaving a free height of barely 1.5 m in the northeast area as a result of the
remains accumulation. In that area of the gunpowder magazine, vestiges of what was the
elevator destined to provide ammunition to the anti-aircraft battery can be found. In the
surface, a small hut, currently blinded, indicates the exit.

Figure 9. Battery floor plan. Source: Own elaboration.

From the gunpowder magazine, entry is given to the other gallery, with exit by the
access B. This shorter passage, hardly reaching a length of 13.6 m, is divided in two sections
separated by a double-bend turn. In the section next to the gunpowder magazine, there is a
small concrete bench (Figure 10).

The height of the galleries varies between 1.70 and 2 m, depending on the section.
While the ceiling of the west side is made of stone carved into the rock, the ceiling of the
northwest gallery is finished with concrete, both being vaulted along their entire length.
Walls are all made of concrete with a plaster finish, and they display some inscriptions. The
whole construction was equipped with electrical infrastructure and a ventilation system.
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Figure 10. Plan of the powder magazine elevator. Source: own elaboration.

5.2. Command and Observation Post

The command and observation post of the anti-aircraft battery is located on the hill,
216 m behind the battery and 50.2 m above sea level. It is made entirely of reinforced
concrete. Its roof is built with a slab composed of concrete and a metal joist structure,
covered by a first layer of gravel and a second one of rammed earth, going unnoticed by
attacking aircraft (Figure 4). The visor covering its front part is formed by a concrete slab
supported by four pillars also of reinforced concrete, which rest on the structure, leaving a
light passage of only 25 cm of height. From this position, the guard would observe with
the use of a rangefinder and report to the plan room, next to the rangefinder, so that the
trajectory of the planes could be plotted; the information was then passed to the telephone
room, from where communication with the battery was established.

The post is accessed through a passage running a distance of 13.50 m (7.5 m of
them underground) until reaching a room of approximately 5.00 m x 2.20 m. This room
would accommodate the troops and house the telephone post, from which the battery
was informed. Through a 0.70 m opening, at a higher level, we access the main room in
which two sections are differentiated: the space destined to the handling of plans and that
destined for the use of the rangefinder, both with an area of 2 m x 2 m (Figure 11).
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Figure 11. Planimetry of the observation post on a point cloud section: current status (2021). Source:
own elaboration.

So far, no visible remains of the casemates have been found in the upper part of the
mound, although this area is pending an archeological study.

5.3. Machine-Gun Nest of the Isla de los Pensamientos

This defense complex is completed by a series of casemates or machine-gun nests on
the coast. Of these, the one corresponding to the battery’s area is the one located 75 m to
the south, on the Isla de los Pensamientos, next to the Playa del Faro (Lighthouse Beach).
There are hardly any vestiges of this machine-gun nest, apart from some small remains of a
masonry wall (Figure 12).
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Figure 12. A 3D model image showing the remains of the machine-gun nest: current state (2021).
Source: own elaboration.

6. Conclusions

The Spanish Civil War belongs to the recent history of Spain. The dramatic events
lived, the fighting between equals, and the division of the population into two factions,
regardless of their political ideas, fractured the Spanish society for years, which avoided
remembering any of the events occurred. Gradually, this war heritage is acquiring a state of
normality, being considered as a historical reference and a fruit of a past era, which must be
protected, recovered, and preserved so that it does not fall into oblivion. In this sense, the
Valencian public administrations are working on the declaration of this heritage as an Asset
of Local Relevance, with its subsequent inclusion in the General Inventory of Valencian
Cultural Heritage.

The defense ensemble of Cullera’s Cape, integrated by an anti-aircraft battery with
two underground galleries, a command and observation post, and a set of casemates for
the artillery located in the surroundings, belongs to this period. The military’s needs and
its strategic enclave on the Levantine Mediterranean coast were determining factors for its
construction. There are hardly any remains of the battery and the casemates, while the re-
maining structures have not experienced any interventions, being still in their original state.
Currently, the battery has become a viewpoint overlooking the sea, while the underground
constructions are closed to visitors, all of them going unnoticed by the population.

Current survey techniques and methods made it possible to document this architecture,
otherwise impossible to measure and geometrize. The combined use of photogrammetry
and laser scanning allowed adapting to the needs of the site, rendering a comprehensive
and detailed study of this defense ensemble.

Laser scanning allowed obtaining point clouds making it possible to gather informa-
tion related to the indoors geometry of the galleries and the observation post, from narrow
places, with scarce illumination, and with very diverse finishes and textures. The possibility
that this technique offers in terms of integrating point clouds taken from different sites
allows establishing the connection between the outer and the inner spaces of the structures,
making it possible to visualize the exact position of the underground structures with respect
to the battery and command post and enabling the analysis of the paths running under-
neath, as shown in Figure 10. Similarly, we were able to locate the exterior construction
above the gunpowder magazine, connecting the two spaces, thus determining the position
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of the elevator that supplied ammunition to the battery platforms, not visible to the naked
eye.

For its part, the use of photogrammetry facilitated documenting the remains of the
casemate located on the beach, impossible to be measured by using a scanner due to its
proximity to the sea and the difficulty to access it. This technique also allowed performing
a mural analysis of the interior of the constructions, which made it possible to locate, study,
and analyze the graffiti situated inside the galleries.

Furthermore, if the survey results are compared to the original execution project
plans (Figure 2), we can observe that the construction is quite close to what was planned,
with some exceptions in line with its adaptation to the needs of the site. This facilitated
the identification of the work areas, especially in the command and observation post,
as well as the approximate location of the place where the battery storage niches were
originally situated.

In brief, the research study undertaken facilitated the generation of accurate and
rigorous documentation of this construction dating from 1938, a result of the events that
took place during the Spanish Civil War, which until now was relegated to the sidelines.
This work can set the basis for the drafting of the intervention and musealization project
for this Heritage Asset; simultaneously, it can help establishing strategies that will promote
its knowledge and enhancement.

Author Contributions: Conceptualization, T.G.-P.,, PR.-N., E.C.R. and EG.A; methodology, T.G.-P.
and PR.-N; software, T.G.-P,, PR.-N. and E.C.R;; formal analysis, T.G.-P.,, PR.-N., E.C.R. and E.G.A;
investigation, T.G.-P.,, PR.-N., E.C.R. and E.G.A.; resources, T.G.-P,, E.C.R. and E.G.A ; data curation,
T.G.-P, PR.-N. and E.C.R.; writing—original draft preparation, T.G.-P., PR.-N., E.C.R. and EG.A,;
writing—review and editing, T.G.-P.,, E.C.R. and E.G.A.; visualization, PR.-N. and E.C.R,; supervision
PR.-N.; project administration, P.R.-N.; funding acquisition, T.G.-P., PR.-N. and E.G.A. All authors
read and agreed to the published version of the manuscript.

Funding: This contribution is part of the R+D+i project Ref. No PID2020-119469RB-100, funded by
the Ministry of Science and Innovation, State Research Agency, 10.13039/501100011033.

Data Availability Statement: Not applicable.

Acknowledgments: The authors acknowledge the Leica company for the technical support provided
to this project, as well as the City Council of Cullera for its administrative support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.

Diario El Mercantil Valenciano. 1936, Valencia, Nov. (Printing Press). Available online: https://www.iberlibro.com/revistas-y-
publicaciones/MERCANTIL-VALENCIANO-1936193719381939-Guerra-Civil-Espa%C3%B1lola/30310916761/bd (accessed on
10 September 2022).

Martinez-Medina, A.; Banyuls, A.; Pérez, I; Pirinu, A. El ‘Muro Mediterrdneo’ en el territorio de la Marina Alta: Bunkeres y
baterias de la Guerra de Espana (1936-1939). In Defensive Architecture of the Mediterranean; Palazoén, ].N., Garcia-Pulido, L., Eds.;
Universitat Politécnica de Valéncia: Valencia, Spain, 2020; Volume XII, pp. 1263-1270. [CrossRef]

Martinez-Medina, A. Arquitecturas para la Defensa de la Costa Mediterrdnea (1936-1939): Catdlogo de la Exposicion; Universidad de
Alicante, Servicio de Publicaciones: Alicante, Spain, 2016.

Gil Hernandez, E. La fortificacion del territorio en el levante peninsular durante la guerra civil espafiola. Revista Otarg: Otras
arqueologias 2017, 2, 77-90. [CrossRef]

Martinez-Medina, A.; Marco Molina, J.A.; Juan-Gutiérrez, PJ. Bunkers Of The Spanish War: From the Rearguard to THE Technical
Culture of the Inter-War Period. The Case of Clot de Galvany. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2019, 42, 759-766.
[CrossRef]

Guisado, A.A.; Rodriguez, F.A.; Rozalem, ].EM. Graphic resources for the gis positioning and analysis of 20th-century fortification:
Bunkers in the vicinity of the rock of Gibraltar. EGA Expr. Graf. Arquit. 2020, 25, 134-145. [CrossRef]

Atanasio-Guisado, A.; Molina-Rozalem, J.F. Implantacion territorial y analisis arquitecténico de los binkeres del Subsector IV del
estrecho de Gibraltar (Conil, Vejer y Barbate). In Defensive Archit. Mediterr.; 2020; Volume XII, pp. 1029-1036. [CrossRef]

Pafieda Ruiz, ].M. El muro atlantico: Cémo se construy6. Rev. Esp. Hist. Mil. 2009, 114, 231-240.


https://www.iberlibro.com/revistas-y-publicaciones/MERCANTIL-VALENCIANO-1936193719381939-Guerra-Civil-Espa%C3%B1ola/30310916761/bd
https://www.iberlibro.com/revistas-y-publicaciones/MERCANTIL-VALENCIANO-1936193719381939-Guerra-Civil-Espa%C3%B1ola/30310916761/bd
http://doi.org/10.4995/fortmed2020.2020.11338
http://doi.org/10.23914/otarq.v0i2.108
http://doi.org/10.5194/isprs-archives-XLII-2-W15-759-2019
http://doi.org/10.4995/ega.2020.13698
http://doi.org/10.4995/fortmed2020.2020.11491

Heritage 2022, 5 3047

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Broch, E. Planning and utilisation of rock caverns and tunnels in Norway. Tunn. Undergr. Space Technol. 2016, 55, 329-338.
[CrossRef]

Kinnear, S.L. Reopening the Bunker: An Architectural Investigation of the Post-war Fate of Four Scottish Nuclear Bunkers. J. War
Cult. Stud. 2020, 13, 75-96. [CrossRef]

Ruiz, ].R. La bateria antiaeria i el barraquisme al Turé de la Rovira de Barcelona. Un cas d’arqueologia contemporania. Quarhis
Quad. Arqueol. Hist. Ciutat Barc. 2018, 14, 166-180.

LEY 9/2017, de 7 de Abril, de la Generalitat, de Modificaciéon de la Ley 4/1998, del Patrimonio Cultural Valenciano. 2017.
Available online: https://www.boe.es/eli/es-vc/1/2017/04/07/9 (accessed on 10 September 2022).

AAVYV, Carta Internacional para la Conservacion y la Restauracion de Monumentos y Sitios. Carta de Venecia 1964. Avail-
able online: https://irpmzcc2.org/upload/secciones_archivos/02-carta-de-venecia-1964_201901041854.pdf (accessed on 10
September 2022).

De Ferri, L.; Santagati, C.; Catinoto, M.; Tesser, E.; di San Lio, E.M.; Pojana, G. A multi-technique characterization study of
building materials from the Exedra of S. Nicolo I’Arena in Catania (Italy). J. Build. Eng. 2019, 23, 377-387. [CrossRef]
Rodriguez-Navarro, P.; Gil-Piqueras, T. New Contributions on the Escuelas Pias Dome in Valencia. Nexus Netw. |. 2020, 24,
1081-1098. [CrossRef]

Martinez Medina, A. Muro Mediterraneo: Bunkeres y baterias para la defensa del litoral (1936-1939). In Defensive Architecture
of the Mediterranean XV to XVIII Centuries. Rodriguez-Navarro, P., Ed.; Universitat Politécnica de Valencia: Valencia, Spain,
2015; Volume II, pp. 231-238. [CrossRef]

Petrovi¢, D.; Grigillo, D.; Fras, M.K.; Urbanc¢ic¢, T.; Trajkovski, K.K. Geodetic Methods for Documenting and Modelling Cultural
Heritage Objects. Int. |. Archit. Herit. 2019, 15, 885-896. [CrossRef]

Martinez Rubio, J.; Ferndndez Martin, J.J.; Alonso, J.I1.S.J. Implementation of 3D scanner and digital photogrammetry in the
documentation process of la Merced Church, Panama. EGA Expr. Grdf. Arquit. 2018, 23, 208-219. [CrossRef]

Revista Sucrona, no 720, 1936. Available online: https://bivaldi.gva.es/en/consulta/registro.do?id=10932 (accessed on 10
September 2022).

Muiioz, A.; Minguez, M.; Rico, V. Cullera, la defensa d’un poble. Qulayra. Rev. Arqueol. Estud. Hist. 2005, 1, 133-147.

Legajo 645. Archivo Histérico Municipal de Cullera. Available online: http://censoarchivos.mcu.es/CensoGuia/archivodetail.
htm?id=18101 (accessed on 10 September 2022).

Patrimonio Cultural de Defensa. Plan de Fuegos, 1/200000. Defensa de Costas. Archivo General Militar de Avila. Available
online: https:/ /patrimoniocultural.defensa.gob.es/es/centros/archivo-general-avila/portada (accessed on 10 September 2022).
Guidi, G.; Russo, M.; Angheleddu, D. 3D survey and virtual reconstruction of archeological sites. Digit. Appl. Archaeol. Cult. Herit.
2014, 1, 55-69. [CrossRef]

Benavides Lopez, ].A.; Vera, ].A.B. Evaluacion de los Sistemas de Mapeo Mévil (MMS) en la documentacion grafica del tholo de
El Romeral (Conjunto Arqueolégico Délmenes de Antequera). Arqueol. Arquit. 2020, 17, €095. [CrossRef]

Verdiani, G. Digital survey: From new technology to everyday use, a knowledge path and challenge for scholars. EGE Rev. Expr.
Grdf. Edif. 2019, 11, 94-105. [CrossRef]

Rodriguez-Navarro, P.; Wragg, E.; Verdiani, G.; Gil-Piqueras, T. Modelling the last of the “Movies”: Discussion and digital survey
of the Eothen formerly ML286. Virtual Archaeol. Rev. 2021, 12, 57-72. [CrossRef]

Cui, H.; Ren, X.; Mao, Q.; Hu, Q.; Wang, W. Shield subway tunnel deformation detection based on mobile laser scanning. Autom.
Constr. 2019, 106, 102889. [CrossRef]

Rivero, O.; Ruiz-Loépez, J.F,; Intxaurbe, I.; Salazar, S.; Garate, D. On the limits of 3D capture: A new method to approach the
photogrammetric recording of palaeolithic thin incised engravings in Atxurra Cave (northern Spain). Digit. Appl. Archaeol. Cult.
Herit. 2019, 14, e00106. [CrossRef]

Alshawabkeh, Y.; El-Khalili, M.; Almasri, E.; Bala’awi, F.; Al-Massarweh, A. Heritage documentation using laser scanner and
photogrammetry. The case study of Qasr Al-Abidit, Jordan. Digit. Appl. Archaeol. Cult. Herit. 2020, 16, e00133. [CrossRef]
Gines, ].L.C.; Cervera, C.B. Toward Hybrid Modeling and Automatic Planimetry for Graphic Documentation of the Archaeological
Heritage: The Cortina Family Pantheon in the Cemetery of Valencia. Int. ]. Archit. Herit. 2020, 14, 1210-1220. [CrossRef]
Ronnholm, P.; Honkavaara, E.; Litkey, P.; Hyyppd, H.; Hyypp4, J. Integration of laser scanning and photogrammetry. Int. Arch.
Photogramm. Remote Sens. Spat. Inf. Sci. 2007, 36, 355-362.

Grussenmeyer, P.; Landes, T.; Voegtle, T.; Ringle, K. Comparison methods of terrestrial laser scanning, photogrammetry and
tacheometry data for recording of cultural heritage buildings. Int. Arch. Photogramm. Remote Sens. Spat. Inf. Sci. 2008, 37, 213-218.
Tokovinine, A.; Belli, EE. From stucco to digital: Topometric documentation of Classic Maya facades at Holmul. Digit. Appl.
Archaeol. Cult. Herit. 2017, 6, 8-28. [CrossRef]

Pefia-Villasenin, S.; Gil-Docampo, M.; Ortiz-Sanz, J. 3-D Modeling of Historic Facades Using SFM Photogrammetry Metric
Documentation of Different Building Types of a Historic Center. Int. J. Archit. Herit. 2017, 11, 871-890. [CrossRef]

Rea, P; Pelliccio, A.; Ottaviano, E.; Saccucci, M. The Heritage Management and Preservation Using the Mechatronic Survey. Int. J.
Archit. Herit. 2017, 11, 1121-1132. [CrossRef]

Cabrera Revuelta, E.; Chavez, M.-J.; Barrera Vera, J.A.; Fernandez Rodriguez, Y.; Sanchez, M.C. Optimization of laser scanner
positioning networks for architectural surveys through the design of genetic algorithms. Measurement 2021, 174, 108898. [CrossRef]


http://doi.org/10.1016/j.tust.2015.08.010
http://doi.org/10.1080/17526272.2019.1688987
https://www.boe.es/eli/es-vc/l/2017/04/07/9
https://irpmzcc2.org/upload/secciones_archivos/02-carta-de-venecia-1964_201901041854.pdf
http://doi.org/10.1016/j.jobe.2019.01.028
http://doi.org/10.1007/s00004-020-00500-5
http://doi.org/10.4995/fortmed2015.2015.1785
http://doi.org/10.1080/15583058.2019.1683779
http://doi.org/10.4995/ega.2018.9811
https://bivaldi.gva.es/en/consulta/registro.do?id=10932
http://censoarchivos.mcu.es/CensoGuia/archivodetail.htm?id=18101
http://censoarchivos.mcu.es/CensoGuia/archivodetail.htm?id=18101
https://patrimoniocultural.defensa.gob.es/es/centros/archivo-general-avila/portada
http://doi.org/10.1016/j.daach.2014.01.001
http://doi.org/10.3989/arq.arqt.2020.004
http://doi.org/10.4995/ege.2019.12873
http://doi.org/10.4995/var.2021.14543
http://doi.org/10.1016/j.autcon.2019.102889
http://doi.org/10.1016/j.daach.2019.e00106
http://doi.org/10.1016/j.daach.2019.e00133
http://doi.org/10.1080/15583058.2019.1597214
http://doi.org/10.1016/j.daach.2017.04.004
http://doi.org/10.1080/15583058.2017.1317884
http://doi.org/10.1080/15583058.2017.1338790
http://doi.org/10.1016/j.measurement.2020.108898

Heritage 2022, 5 3048

37. Lezzerini, M.; Antonelli, F.; Columbu, S.; Gadducci, R.; Marradi, A.; Miriello, D.; Parodi, L.; Secchiari, L.; Lazzeri, A. Cultural
Heritage Documentation and Conservation: Three-Dimensional (3D) Laser Scanning and Geographical Information System (GIS)
Techniques for Thematic Mapping of Facade Stonework of St. Nicholas Church (Pisa, Italy). Int. ]. Archit. Herit. 2016, 10, 9-19.
[CrossRef]

38. Cabo, C.; Ordodnez, C.; Argiielles-Fraga, R. An algorithm for optimizing terrestrial laser scanning in tunnels. Autom. Constr. 2017,
83, 163-168. [CrossRef]

39. Alizadeh-Khameneh, M.A.; Andersson, J.V. Geodetic Network Design in Tunnel Surveys. J. Surv. Eng. 2020, 146, 06020003.
[CrossRef]


http://doi.org/10.1080/15583058.2014.924605
http://doi.org/10.1016/j.autcon.2017.08.028
http://doi.org/10.1061/(ASCE)SU.1943-5428.0000325

	Introduction 
	Research Aim 
	General Framework of the Investigation 
	Material and Methods 
	Graphic Documentation of Cullera’s Lighthouse 
	Terrestrial Laser Scanning (TLS)-Based Survey 
	Survey by SfM/IM Photogrammetry 

	Results 
	Anti-Aircraft Battery 
	Command and Observation Post 
	Machine-Gun Nest of the Isla de los Pensamientos 

	Conclusions 
	References

