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Generation of a digital archive of heritage, with drones in rural areas

The enhancement of heritage, both cultural and 
natural, must be considered as a resource for 
revitalizing the territory. In this context, Aragon 
has a great landscape and cultural heritage that 
is scattered throughout the territory and is not 
very accessible. It needs to be properly docu-
mented and inventoried as a means of activating 
new processes of knowledge, enhancement and 
use of rural development. This work is devoted 
to the creation of the Digital 3D Inventory of the 
Aragonese Mudejar Architectural Heritage, which 
includes buildings that currently have little graph-
ic and imprecise documentation, since many of 
them are located in small towns of less than 500 
inhabitants, with urban fabric of narrow streets. 
To carry out the registration, the use of drones 
to capture images and later the construction of 
the point cloud with photogrammetry, it is an 
adequate technical and economically sustainable 
solution since it deals with populations plagued 

Keywords:
Architectural heritage; Heritage inventory; Web-
GIS; WebGL; Rural areas

Luis Agustín-Hernández
Professor of the Graphic Ex-
pression Area and Director of 
the Department of Architecture 
at the School of Engineering 
and Architecture of the Uni-
versity of Zaragoza. His re-
search focuses on the study 
of the heritagearchitecture 
works developed in architec-
ture Mediterranean Gothic in 
the Crown of Aragon, studies 
on Mudejar architecture and 
contemporary architecture.

by depopulation and with few resources.  A gen-
eralized methodology is proposed to collect, 
store and disseminate 2D/3D geometric and ge-
ospatial documentation of inventoried buildings, 
providing more graphic information than tradi-
tional architectural inventories. As a novelty, for 
the dissemination of information, the creation of 
a web platform composed of a cartographic view-
er (WebGIS) and a point cloud manager based 
on WebGL technology is proposed as a valuable 
tool to relate buildings with their environment, 
characteristic of great importance in the case of 
heritage located in rural areas.
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INTRODUCTION

The Community of Aragon is located in a strate-
gic location in the northeast of Spain, equidistant 
from the most important cities (Madrid and Bar-
celona) and the south of France. However, despite 
its key location, it is characterized by the unequal 
distribution of the population in the territory. The 
capital, Zaragoza and its surroundings, brings to-
gether more than 50% of the population in front 
of an extensive territory with a large number of 
scattered settlements and a reduced and aging 
population density. This situation causes rural en-
vironments to suffer from large imbalances, with 
a basic provision of equipment and a high cost of 
services. To reverse the trend, the administration 
promotes territorial development actions with the 
aim of establishing the young and female popu-
lation. For this, access to training is required, as 
well as the promotion of innovation and entrepre-
neurship through the attraction of professionals 
to establish a qualified population in the territory 
(Gobierno de Aragón, 2014).
Likewise, territorial development is influenced by 
heritage, which includes both cultural and nat-
ural heritage elements. Heritage management 
stands out as a fundamental economic resource 
as a means of establishing population as well as 
promoting cultural construction by promoting its 
conservation. For this reason, it should be consid-
ered as a resource that is part of the territorial 
system that constitutes a dynamic factor from an 
economic and cultural point of view.
Aragon has a great landscape and cultural herit-
age that can be used as a means of rural devel-
opment through the promotion of tourist activities 
that help in the conservation of cultural assets. In 
the specific case of architectural heritage, there is 
a legal framework that promotes the integration 
between the different types of heritage, be it cul-
tural, territorial or landscape, with the aim of pro-
moting its safeguarding and protection through its 
cataloguing and declaration of cultural interest. 
To achieve this goal, it is a priority to have a prop-
erly inventoried and documented cultural heritage 
that allows knowing its current state to be able to 

act in any of the uses and needs that can be made 
of them for purposes of dissemination, promotion, 
conservation, rehabilitation or management be-
tween others.
The study area concentrates a large list of assets, 
an example of the Mudejar heritage, exclusive to 
the Iberian Peninsula, whose era ranges from the 
12th to the 17th century. While Gothic predom-
inates in the Christian West, Mudejar art is de-
veloped in Aragon, a reflection of the survival of 
Muslim culture in the peninsula and with its own 
peculiarities in the Aragonese territory (Fig. 1). 
The first samples of Mudejar date from the mid-
dle of the 13th century and extend until the end of 
the 15th century. From the 16th century its decline 
began, although there are survivals until the 17th 
century, after the expulsion of the Moorish.
The geographical characteristics of the Aragonese 
territory represent a natural barrier to the diffu-
sion of artistic styles. In order to analyze the dis-
tribution of Mudejar architecture in the territory, it 

Fig. 1 - Location of the buildings that are part of the list of inventoried Mudejar assets.

is necessary to compare the information with the 
distribution maps of the Moorish and Mudejar pop-
ulation (Borrás, 1985). These settle mostly around 
the Ebro river valley and its tributaries, mainly 
in the southern ones on the right bank and with 
greater density in the low plains (Lacarra, 1960). 
The monuments are concentrated in large urban 
centers (> 5,000 inhabitants) such as Zaragoza, 
Calatayud, Teruel, Tarazona, Daroca or Borja, 
which acommodate 21% of the Mudejar buildings 
inventoried, however, the highest percentage of 
buildings (52%) are located in rural areas close to 
them, whose population is less than 500 inhabit-
ants and are scattered throughout the territory. 
Despite this, they preserve the main monuments 
representing the Aragonese Mudéjar, such as 
the churches of Torralba de Ribota, Cervera de 
la Cañada, Belmonte or Tobed. Some of the as-
sets are especially representative with unique 
architectural elements and are part of the World 
Heritage. This situation requires a complete re-
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cord of the Mudejar Architectural Heritage, a da-
tabase that can incorporate information related to 
identification and location, historical data, type of 
protection, geometric and construction character-
istics, state of conservation and types of interven-
tion; a common support that allows to contain all 
the available materials of a patrimonial asset (Fig. 
2). The differentiating element of the inventory to 
be carried out is the inclusion of two-dimension-
al and three-dimensional graphic documentation 
that will provide more information regarding the 
registered buildings in a digital and accessible en-
vironment.

DOCUMENTATION OF HERITAGE IN RURAL 
AREAS

The graphic representation of architectural herit-
age through the combination of spatial and urban/
territorial planning information, together with de-
scriptive and dimensional information of buildings, 
provides a powerful tool for local and regional ad-
ministration. The ability to represent information 
at various levels of detail, including various types 
of data and media, offers a comprehensive view of 
heritage with multiple applications. It provides the 
necessary tools to carry out inventories of archi-
tectural heritage with the aim of promoting tour-
ism, the economy, protection and conservation. 
In this context, to carry out the inventory of the 
Mudejar Heritage, it is proposed to establish a 
methodology to collect, store and disseminate 2D 
spatial information and 3D geometric information, 
in order to favor the execution of analyzes by re-
lating the heritage element to its immediate en-
vironment. The objective is to obtain a complete 
inventory that provides greater documentary and 
graphic resources than those used up to now by 
the local administration.
The choice of the methodological process to regis-
ter the Mudejar monuments is driven by the need 
to document and inventory the architectural herit-
age scattered throughout the territory and not very 
accessible as a means of activating new processes 
of knowledge, enhancement and use. The inven-
tory of Mudejar Architecture includes buildings 

that currently have little graphic and imprecise 
documentation, since many of them are located in 
small towns with fewer than 500 inhabitants, with 
an urban fabric of narrow streets. The integra-
tion of the building in intricate urban fabrics and 
sometimes located in landscapes and topogra-
phies with limited access, requires the choice and 
combination of techniques and digital representa-
tions capable of recording the heritage and its 
surrounding environment with the precision and 
detail required (Liuzzo et al., 2020).The application 
of unmanned aerial vehicles (UAV) equipped with 
digital cameras has proliferated in recent years 

Fig. 2 - Partial index of buildings that are part of the inventory of the Mudejar Architectural Heritage of Aragon.

as a useful tool in the field of heritage, thanks to 
its ability to cover large areas in a short period of 
time. The functions of flight planning, stabiliza-
tion, control and management, collision preven-
tion and the equipment with cameras that have 
the latest technologies, have favored their use for 
the documentation of architectural heritage in ru-
ral environments, since these are populations hit 
by depopulation and with few resources. It is an 
economical solution, minimally invasive and very 
suitable for rural areas, where there are no roads 
or technological conflicts and UAV technology can 
be used without impediments (Fig. 3).
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To carry out the registration, the combination of 
the use of drones to capture images with laser 
scanner technology to complete the information 
is an easily replicable procedure with reduced 
time and cost (Lo Brutto et al., 2014; Achille et al., 
2015; Fatta et al., 2017). It is an appropriate and 
economically sustainable technical solution suit-
able for capturing architectural elements that are 
difficult to access (Centofanti et al., 2018; Mas-
cort-Albea et al., 2014) that require great detail 
and precision (Barba et al., 2019; Diara y Roggero 
2022) for documentation in widely varied applica-
tion contexts, such as tourism and promotional 
purposes (Sestras et al., 2020), conservation and 
protection (Tache et al., 2018; Croce et al., 2019), 
maintenance and management (Parrinello et al., 
2019).
The use of digital photography through the use of 
drones for the documentation, survey and mod-
elling of heritage, has favored the “democratiza-
tion” of the dissemination of three-dimensional 
geometric models through applications and web 
repositories (Brusaporci et al., 2020). Through 
the use of 3D graphic information representation 
systems of heritage accessible through web plat-
forms, it is possible to develop heritage catalogues 
that help disseminate and exchange information 
between administrations and citizens (Germanese 
et al., 2019; Parrinello y Dell´Amico, 2019). In ad-
dition, the combination of these applications with 
geographic information systems is a valuable tool 

for relating buildings to their surroundings, a 
characteristic of great importance in the case of 
heritage located in rural areas (Domínguez-Ruiz 
et al., 2020; Castilla et al., 2021).

CASE STUDY: MUDEJAR ARCHITECTURE IN 
ARAGON

The Aragonese Mudejar has differentiating char-
acteristics with respect to the rest, due to the influ-
ence of the Catalan Gothic, Renaissance formulas, 
the adaptation of Islamic structures, the creation 
of new architectural forms and the development 
of a unique ornamental style (Condor, 2010). This 
singularity arose as a consequence of the isolation 
following the Christian conquest, Huesca in 1096, 
Zaragoza in 1118 and Teruel in 1171. However, 
the city of Teruel, close to the Levante area, fos-
tered the connection with Almohad Muslims with 
a ceramic tradition, who settled in the city and 
manufactured glazed and painted pieces that are 
characteristic of the Mudejar of the area, as can be 
seen in the towers of San Martín and El Salvador 

de Teruel. In addition, the scarcity of stone quar-
ries in the Ebro valley area influenced the use of 
brick as a construction and ornamental material, 
due to the abundance of sedimentary soils.
Mudejar art stands out for several characteristics, 
such as ornamentation, the survival of structures 
derived from Islamic art and a set of its own ma-
terials such as brick, plaster, ceramics, wood, and 
to a lesser extent alabaster and lime, due to due to 
its low cost and ease of obtaining (Fig. 4).
Mudejar ornamentation is made up of motifs from 
the Islamic tradition, such as stylized plant ele-
ments (ataurique), geometric elements (bows, 
stars) and Arabic epigraphic elements (kufics, 
nesjíes), which use repetitive rhythms, the ten-
dency to completely cover surfaces or the use of 
patterns without spatial limits, as compositional 
principles (Borrás, 2006). The versatility of the 
compositional principles used favored the inclu-
sion of ornamentation from the Christian tradi-
tion, such as the Gothic naturalistic flora, which 
used a different treatment and composition to 
adapt to Mudejar art.

Fig. 3 - Photograph taken with an unmanned aerial vehicle (UAV) of the 
exterior of the Church of San Félix (Torralba de Ribota).

Fig. 4 - Examples of some of the representative buildings of the Mudejar of Aragon located in rural areas. Church of Santa María (Tobed), Church of Santa Justa 
and Santa Rufina (Maluenda), Church of Nuestra Señora del Castillo (Aniñón).
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The typologies of fortress-churches are especially 
significant from this period, as well as churches 
with a single nave with a polygonal apse with five 
or seven sides and simple ribbed vaults. The struc-
ture of the towers is representative, which resem-
bles the minarets of Muslim mosques, composed 
of two towers, one inside the other, between them 
the stairs are located and the body is crowned with 
the bell tower, usually with a polygonal format. 
Thanks to the mixture of styles so characteristic, 
the Mudejar architecture of Teruel was declared a 
World Heritage Site by UNESCO on December 28, 
1986. Subsequently, on December 14, 2001, the 
protection was extended to a selection of repre-
sentative buildings of the Mudejar architecture of 
Aragon.

SURVEY METHODOLOGY

The methodology for carrying out the inventory of 
Mudejar heritage in rural settings must consider 
the necessary aspects to carry out in an orderly 
manner, the methods and instruments for gath-
ering information adapted to the specific require-
ments and needs during the registration process. 
This procedure is made up of different phases 
that organize the documentation process. The 
first phase of the work begins with a preliminary 
search for information sources, with which ba-
sic and useful information is acquired to address 
the following phases. Then, during the field work 
phase, the data to be collected, the capture tools 
and the recording methods will be defined. Finally, 
the three-dimensional geometric model faithful to 
reality will be generated that will allow the reality 
of the building to be documented, which will later 
be accessible through a web platform for its dis-
semination.
This methodology has the vocation to help and 
serve as a model in the process of creating a dig-
ital graphic inventory of architectural heritage in 
environments of difficult accessibility such as ru-
ral areas, with the purpose of obtaining a global vi-
sion of the geometric documentation process and 
addressing the problems arising from the meas-
urement, representation and synthesis of heritage 

Fig. 5 - Preliminary documentation. Partial restoration project of the parish 
church of Torralba de Ribota, 1971, architect Fernando Chueca Goitia, (AGA) 
(03) 116 26/333

assets. The purpose is to develop a graphic sup-
port for the registration of information that sup-
ports decision-making related to the conservation 
and protection of heritage, through restoration, 
intervention, consolidation, rehabilitation, etc.

PRELIMINARY DOCUMENTATION

Before starting the heritage documentation pro-
tocol, it is necessary to gather all the previous 
information on the real estate on which the doc-
umentary registration is going to be carried out. 
In this way, the necessary knowledge is acquired 
to carry out an initial analysis of the buildings and 
thus identify the aspects where it is necessary to 
influence the registry. 
Basic documentation sources such as biblio-
graphic and technical information should be con-
sidered (Fig. 5). Architectural heritage requires 
going to specialized libraries in the field, to access 
publications that allow you to know the state of 
the art. The sources will provide information on 
the historical-artistic evolution of the property, 
as well as social and territorial considerations 
that will reveal the lesser-known details of the 
property. The documentation that makes up this 
section includes previous inventories of the study 
area, reports, intervention reports, diagnoses or 
planning catalogues, information preserved and 
managed largely by the administrations. In the 
particular case of architectural heritage, access 
to the intervention and restoration projects of the 
assets is essential, since they contain information 
of great value, such as archaeological and histor-
ical studies or surveys, which are of great inter-
est. In the case of rural environments, many of the 
buildings are not catalogued or have scarce and 
imprecise documentation, which makes the initial 
investigation process more difficult. 
Cartographic documentation can display differ-
ent types of information. Historical cartography 
provides information on the original context of 
the assets, on the other hand, recent cartography 
provides administrative, legislative or territorial 
aspects, which include spatial, cadastral, urban 
information, road network, altimetry, etc. Addi-

tionally, the consultation of historical and current 
images allows evaluating the changes registered 
by the properties over time. In addition, the aerial 
images and orthophotos help to relate the building 
to the territory, as well as its location.

DATA COLLECTION

The field work continues the work begun during 
the previous phase of searching for sources of 
information. Once the collected documentation 
has been analysed, it allows expanding the infor-
mation, by acquiring new photographs, as well as 
completing the existing planimetry of the property 
and generating new, updated, exhaustive and pre-
cise graphic documentation. To carry out the data 
collection, it is necessary to take into account its 
location, to anticipate the conditions that it may 
have during the capture and registration process. 
Accessibility to the property must be considered 
and obstacles must be located to take photo-
graphs and measurements. This information will 
be useful to define the appropriate tool for data 
collection and the points where to locate to collect 
the best information without interference.
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The Mudejar monuments located in rural environ-
ments have limited dimensions, which allow data 
collection campaigns of 1-2 days to be carried out. 
These campaigns must be thoroughly planned in 
advance, since as a general rule accessibility to 
the building environment is difficult, with small 
side streets and elements that hinder taking 
measurements.
Taking into account the formal characteristics of 
the Mudejar building typologies, the data capture 
must include the exterior elevations of the walls, 
in addition to the roofs, towers and eaves. Inside 
the building, it is necessary to obtain information 
on the vaults and chapels, as well as the interiors 
of the buttress-towers and the galleries that sur-
round the perimeter of the nave through the tow-
ers, spaces that are difficult to model due to their 
narrowness. Likewise, Mudejar art is characteris-
tic for its ornamentation, so it is necessary to ob-
tain products with an adequate level of detail that 
allows registering the pictorial wear of the walls, 
the laces, holes and other constructive elements 
and ornamentation (Fig. 6).
The definition of the appropriate tool to carry out 
data collection depends on various criteria such 
as scope, degree of detail, time or economy. In 
the case of the inventory of architectural heritage 

Fig. 6 - Three-dimensional geometric model obtained by combination of 
photogrammetric survey and laser scanning of the church of San Félix de 
Torralba de Ribota (Zaragoza). Prepared by Area of Architectural Graphic 
Expression of the University of Zaragoza. Fig. 7 - Photogrammetric survey carried out with UAV in a difficult accessibility environment. Church of Santa María (Tobed).

in rural environments, the information must be 
able to be used for multiple uses, so it will require 
reaching a level of detail that allows delving into 
the details of the asset and that in turn favors a 
comprehensive view of this. The scope of the her-
itage registration project must be defined from 
the initial phase of the documentary project. This 
is conditioned by the nature of the heritage asset, 
the needs and purposes of evaluation and the rela-
tionship between the available resources and the 
limitations. It is necessary to specify the choice of 
the appropriate level of detail, the skills and expe-
rience with the different registration methods, the 
definition of the time frame and the results that 
are desired to be obtained. In the end, the scope 
must reflect a balance between all the factors list-
ed and the adaptation to the restrictions of time 
and economic resources available. The definition 
of the level of detail and precision that you want 
the resulting graphic information to contain will 
affect the selection of the methods and tools to 
be used. In the case of Mudejar heritage, due to 
its characteristics, it is necessary to obtain a high 
level of detail, which favors delving into the de-
tails of the property. The approximate precision to 
be obtained is ±2 mm and 5 mm for construction 
details and between ±10 mm and 25 mm for con-
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struction planimetry (Quintilla and Agustín, 2022). 
To obtain a complete survey of the buildings both 
from the outside and from the inside, data collec-
tion is carried out by combining acquisition tech-
niques such as photogrammetry and laser scan-
ning. The choice of the survey method takes into 
account the accessibility limitations in the vicinity 
of the buildings, as well as the architectural par-
ticularities of the typologies to be recorded, which 
require a great level of detail (Fig. 7).
In the first place, the photogrammetric survey 
is carried out with UAV, for which, two types of 
drones with different characteristics are used to 
capture the exterior and interior of the buildings 
(Fig. 8). Outside, the DJI Inspire 2 model is used, 
which has great agility, going from 0 to 80 km/h in 
5 seconds, with a maximum speed of 94 km/h and 
a maximum descent speed of 9 m/s. In addition, it 
enables flying in low-temperature environments, 
includes a two-way anti-collision system, trans-
mits live video from the on-board FPV camera 
and the main camera simultaneously, and cre-

ates clear, low-noise images in low-light environ-
ments. For indoor captures, the DJI Mavic 2 Zoom 
model is used, a drone with four motors, very light 
and small in size. It has a 1/2.3-inch 12-megapixel 
sensor capable of four-times zoom. Additionally, a 
Nikon D810 camera and a focal length between 24 
and 70 mm with an AF-S NIKKOR 24-701: 2.8G ED 
lens are used.
As a complement to photogrammetry, a Faro 
3D_HW_LS_Focus M 70 laser scanner is used, 
which allows obtaining photorealistic textures and 
mapping with an accuracy of ±3 mm and a range 
between 0.6 and 70 m for short-range measure-
ments and applications. who need to work in small 
areas. It has a wavelength of 1550 mm, a color res-
olution of up to 165 megapixels and a field of view 
of 300º vertical and 360º horizontal. In addition, it 
has a dual-axis compensator with a precision of 19 
arcseconds valid within a margin of ±2º, a height 
sensor using an electronic barometer, compass 
and GNSS with integrated GPS and GLONASS. 

All the models that make up the Mudejar inven-
tory are positioned in the UTM ETRS89 Huso 30N 
coordinate system, to be later integrated into a 
geographic information system and thus facilitate 
interoperability and subsequent dissemination.

DATA PROCESSING

As a result of the interior and exterior data col-
lection by means of photogrammetry and laser 
scanning, a three-dimensional geometric model 
is obtained that provides all the geometric infor-
mation of the buildings and their correct formal 
characterization.
The point cloud model is obtained after photo-
grammetric processing using the Metashape soft-
ware (Agisoft), and the incorporation of the infor-
mation collected by the laser scanner (Fig. 9). The 
combination of both information is processed by 
Autodesk Recap software (Fig. 10). The result is a 
high-density point cloud with 6 mm density volu-

Fig. 8 - Drones used for photogrammetry survey. DJI Inspire 2 model (left) 
and DJI Mavic 2 Zoom model (right).

Fig. 9 - Point cloud model obtained after photogrammetric processing. Church of San Félix (Torralba de Ribota)
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metric and colorimetric information, which allows 
the materials and paints of the building to be re-
corded (Fig. 11).
The 3D model obtained with all the complete ge-
ometric information of the building is used as 
a base on which to incorporate the information 
coming from the technicians involved in the doc-
umentation process. Depending on the use to be 
made of the registered information, it will allow 
organizing heterogeneous information, such as 
physical characteristics, construction systems or 
descriptive characteristics of the historic build-
ing. The result is a useful instrument to display 
and interact with geometric information through 
web environments thanks to the use of the Web-
GL standard that allows complex 3D models to be 
shared.
Using the point cloud model and WebGL technol-
ogy, large repositories of useful information can 
be generated as a source of information in archi-
tecture inventories. This type of model serves to 
get an idea of the shapes and volumes, but when 
approaching it, legibility is lost and the elements 
are not recognized. For this reason, cloud pro-
cessing is also carried out to obtain other types 
of three-dimensional models such as surface or 
mesh models. The generated 3D models are cre-
ated in standard exchange formats (ply and obj), 
with the aim of favoring data interoperability, and 
not depending on specific software.
Before converting and including the point cloud 
model in the WebGL environment, it is necessary 
to process the cloud to manage the model in the 
viewer. The objective is to create a product com-
patible with WebGL technology and thus promote 
efficient information management, as well as 
interoperability and accessibility between data-

Fig. 10 - Interior view of the nave of the Church of Santa María (Tobed). Point 
cloud obtained in Autodesk Recap software. Prepared by Area of Architectur-
al Graphic Expression of the University of Zaragoza.

Fig. 11 - High density point cloud of the Church of Santa María (Tobed). 
Prepared by Area of Architectural Graphic Expression of the University of 
Zaragoza.
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DISSEMINATION RESULTS

The creation of tools that help to disseminate ar-
chitectural heritage through digital inventories 
capable of containing and representing complete 
information on cultural assets represents a great 
advance over traditional architectural inventories, 
as a means of valuing heritage for the generation 
of economic, conservation and knowledge activi-
ties around it.
In order to make the information collected acces-
sible to end users, it is necessary to establish a 
methodology to collect, organize and disseminate 
the information following a standardized proce-
dure. 
First, the information collected from the histori-
cal Mudejar buildings was structured following 
standardized criteria and stored in digital sheets, 
creating a complete inventory of the Aragonese 
Architectural Heritage. This structured digital in-
ventory of the Mudejar Heritage ensures that the 
information lasts over time, as well as helps de-
sign conservation measures and promotions ac-
tions.
Second, a geospatial web tool has been devel-
oped to organize and make available 2D and 3D 
architectural data of the buildings which enriches 
the descriptive information provided by the digi-
tal inventory sheets. The main goal is to provide 
a standardized basis for recording digital 2D/3D 
graphic documentation, supporting the use of this 
information in an understandable and coherent 
way in future conservation actions. The proposed 
geospatial web tool is composed of a cartographic 
viewer (WebGIS) that gives access to a point cloud 
manager based on WebGL technology (Di Bened-
etto et al., 2014). Structured geospatial data allow 
the dissemination and use of architectural infor-
mation through a website that facilitates access 
to heterogeneous information on assets, opening 
up possibilities for use by multiple types of users 
(Molero-Alonso et al., 2016). Likewise, the inte-
gration of the 3D point cloud viewer favors the 
creation of an accessible and easy-to-use repos-
itory of geometric information on heritage assets 
(Fig. 13).

bases. To do this, it is necessary to segment the 
model to group data with similar properties and 
thus create a semantically enriched structure of 
hierarchical relationships. The building must be 
segmented externally, differentiating the different 
facades and roofs, and internally, according to the 
structure, distinguishing the main naves and the 
different chapels that make up the construction. 
This division will facilitate the dissemination of in-
formation and its subsequent classification.
Cloud Compare software (Cloud Compare, 2022) 
has been used to perform targeting, hierarchi-
cal-segmentation and sub-sampling of the cloud, 
as well as the classification of the different groups 
of clouds. This prior classification is important, 
since it will be used later in the viewer to show 
or hide the different sets of clouds into which the 
model has been segmented, thus facilitating in-
formation management. The objective is to obtain 
a segmented model, rich in classes and properties 
that allows capturing each degree of granularity 
required for the description of 3D models, for sub-
sequent enrichment with annotations and thus ob-

tain a complete repository that allows queries and 
information management organized. This division 
will later facilitate the system used for dissemi-
nation, display the information in an orderly man-
ner, as well as the understanding of the building 
through the different sections (Fig. 12).
Once the point cloud has been processed, it is nec-
essary to convert the cloud to a suitable file for-
mat for web viewing. The input file (LAS, LAZ, PTX, 
PLY) is converted to an octree data structure in 
order to reduce initial load times for data display 
(Martínez-Rubi et al., 2015).
As a result of the work carried out and the meth-
odology used, a more complete and exhaustive 
documentation of the building is obtained, in com-
parison with the information examined in the pre-
vious phase of documentation, thus generating a 
documentation that did not exist until now. The 
volumetric model obtained after the combination 
of photogrammetry and laser scanner, allows ob-
taining all the geometric information of the build-
ing and its correct formal characterization, as well 
as recording its chromatic values.

Fig. 12 - High-density point cloud segmentation of the interior of the church of Santa María (Tobed), differentiating the main nave, chapels and gallery.
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The Digital Inventory of the Aragonese Mudejar 
Architectural Heritage has been developed using 
exclusively free and open source software. The 
creation, edition, managing, visualization and pub-
lication of the geospatial information is achieved 
using QGIS (QGIS Development Team, 2022), a 
multiplatform Geographic Information System 
which allows the manipulation of raster and vec-
torial data sets. PostgreSQL (PostgreSQL Global 
Development Group, 2022), supplemented with its 
PostGIS extension (PostGis, 2022), allows the cre-
ation of attribute tables with geometric and spatial 
information that are stored in Geo-DB (data base) 
and the analysis of the information by spatial SQL 
queries. The Spatial Data Infrastructure (SDI) ser-
vices offered by different organizations have been 
used to support the geospatial architectural infor-
mation using standardized web services. The data 
are published through OGC standardized formats, 
such as WMS, WMTS, WFS or WCS. The JavaScript 
library Leaflet (Leaflet, 2022) is used to create a 
web map application which make available the 
Mudejar Inventory the end-users (Fig. 14).
The 3D information collected for each historical 
building is made available to end-users by means 
of an ad-hoc interactive point cloud environment 
based on the Potree viewer project (Potree, 2022). 
The three-dimensional geometric information is 

Fig. 13 - Conceptual structure of the web platform created for the Aragonese 
Mudejar Inventory.

Fig. 14 - WebGIS prepared for the dissemination of the Mudejar Architectural Heritage in Aragon. https://www.inventariomudejar.es/
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CONCLUSIONS

The work focuses on the creation of a Digital In-
ventory of the Aragonese Mudejar Architectural 
Heritage (https://www.inventariomudejar.es/) in 
order to facilitate access to information for uses 
such as conservation, protection, management 
or promotion. The objective is to promote the use 
of the inventory as a dissemination and analysis 
tool by the administration. Its use should be con-
sidered as a catalyst for the territory in which the 
architectural assets are implanted from an eco-
nomic and cultural perspective. 
A large part of the buildings that are part of the 
Mudejar inventory have little graphic and impre-
cise documentation, due to the accessibility con-
straints for data collection as they are located in 
rural environments. For this reason, the use of 
drones is an economical solution, minimally in-
vasive and very suitable for rural areas, where 
there are no roads or technological conflicts and 
UAV technology can be used without impediments. 
Thanks to the combination of photogrammetry 
and laser scanning, a graphic documentation of 
the assets that did not exist until now is obtained. 
With the purpose of registering the Mudejar herit-
age in Aragon, 225 buildings have been inventoried 
which, due to their characteristics, must be regis-
tered. The documentation of a dozen buildings has 

obtained by the combination of UAV aerial pho-
togrammetry and laser scanner techniques. The 
result is a high-density point cloud model of the 
building that acts as a support for the incorpora-
tion of data from the technicians involved in the 
documentation process (Fig. 15).
The viewer contains numerous functionalities 
with the aim of facilitating access to the informa-
tion contained in the point cloud model. Aspects 
related to the appearance of the point cloud can 
be modified, being able to define the level of detail 
of the cloud by increasing or decreasing the num-
ber of points to be displayed. Depending on the 
scanning devices used to capture the data and the 
post-processing algorithms used to augment it, 
intensity, RGB, elevation, level of detail, grading, 
and more may be rendered. In addition, the viewer 
allows navigation and interaction with the model, 
as well as the performance of measurements and 
access to linked annotations on the model that 
give access to complementary information, such 
as text, images, plans, links, etc.
Finally, the ability of the point cloud viewer to dis-
play information through web browsers without 
the need to install third-party applications is note-
worthy, as well as its native compatibility with all 
devices, thanks to the use of WebGL technology 
(Schütz, 2016).

been completed and in successive campaigns the 
registration of the rest of the inventoried assets 
will be completed.
The result is a digital repository made up of 2D/3D 
geometric information that constitutes a complete 
documentation of the building for metric or in-
formative purposes. The proposed methodology to 
carry out the geometric documentation of Mude-
jar assets guarantees the storage of information 
and offers greater resources than the traditional 
inventories of architectural heritage. In addition, 
the integration of geometric information in a geo-
graphic information system provides the territori-
al vision and the necessary context to assess the 
identity and cultural values of the property. 
The developed web platform should be considered 
as an instrument that provides visibility to herit-
age, as well as an analytical means to identify the 
potential of the site and the possible interventions 
necessary to manage it and guarantee its conser-
vation.

Fig. 15 - View of the point cloud viewer used to represent the 3D graphic information of the Mudejar Heritage of Aragon.
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