View metadata, citation and similar papers at core.ac.uk

brought to you TE)CORE

provided by Servicio de Coordinacién de Bibliotecas de la Universidad Politécnica

Assessment of underground wine cellars using
geographic information technologies

T. Herrero

, E. Perez-Martin-, M. A. Conejo-Martin , J. L de Herrera ,

A. Ezquerra-Canalejo~ and J. Velasco-Gomez-

Geographic information technologies (GIT) are essential to many fields of research, such as the
preservation and dissemination of knowledge of cultural heritage buildings, a category which
includes traditional underground wine cellars. This paper presents a methodology based on
research carried out on this type of rural heritage building. The data were acquired using the
following sensors: EDM, total station, close range photogrammetry and laser scanning, and
subsequently processed with a specific software which was verified for each case, in order to
obtain a satisfactory graphic representation of these underground wine cellars. Two key aspects
of this work are the accuracy of the data processing and the visualisation of these traditional

constructions. The methodology includes an
constructions on mobile devices in order to
heritage.

Research aims

The main objective is to find an efficient method to
document underground wine cellars, as singular ee-
ments of the heritage and culture of the Iberian
Peninsula. The aim of this research is to document
graphically and cartographically both the interior and
exterior of underground wine cellars, and to obtain the
necessary metric and volumetric data using a variety of
sensors for the comprehensive study of these traditional
structures. As a support for the dissemination of the
knowledge of this heritage, we propose the use of GIT
applications to allow their geovisuaisation on mobile
devices.

Introduction

The considerable advances in processing, memory
capacity and new technology of the graphics cards on
computers today alow a large quantity of 3D datato be
processed from various different sensors. This mass
processing of 3D data represents amagjor step forward in
the field of geovisualisation applied to the study of
cultural heritage (Chane et al, 2013; Lichti et al, 2008;
Lerma et al, 2010). Techniques using terrestrial laser

application for geovisualising these traditional
contribute to raising awareness of this unique

scanners provide accurate high-quality 3D models with a
far greater leve of detail (Caprioli et al, 2011; Guarnieri
et al, 2011). However, a methodology is required for
their use in the documentation of cultural heritage.
Accuracy in the data collection and processing stages
guarantees 3D models that provide an optimal visuaisa-
tion of the project.

The procedures for 3D modelling and visualisation
and animation software are in a state of constant
development (Remondino, 2011) and have been con-
tinually applied in the documentation and dissemination
of cultural heritage (Fuentes et al, 2010; Ruther et al,
2009). The opportunity to highlight the importance of
the cultural heritage in the study area using these new
technologies and interactive multimedia environments
(Guarnieri et al, 2010) contributes an intangible added
value to this heritage (Perez-Martin et al, 2011).

The European Union's rural development policies
described in the LEADER (Liaison Entre Actions de
Developpement de I'Economie Rurale) and PRODER
(Rural Development Programs that have been imple-
mented exclusively in Spain) programmes promote the
preservation of these traditional constructions. In Spain,
the National Heritage organisation and the various
regional laws support the preservation of this ancestral
legacy as a sustainable resource in the tourism and
culture sector.

Spain is home to a series of constructions in rural
environments known as underground wine cellars. These
heritage buildings are closdly linked to traditional ways
of life, and deserve to be studied and protected before
they disappear. As a result of emigration from rural
areas and the mechanisation of the mgority of
agricultural processes, these traditional constructions
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1 Location of Atauta (Soria)

have fdlen into disuse, leading to their subsequent
deterioration.

This study is part of the BIA2004-03266 research
project entitled 'Underground wine-cellar construction.
Eco-construction systems for quality wines, one of the
objectives of which is to find a low cost and efficient
method of inventorying underground wine cellars.

It is intended that the methodology used in this
research will serve to make a general inventory of the
underground cdlars, particularly in Spain. All the
numeric, aphanumeric, graphic and cartographic infor-
mation so obtained should be incorporated into the
various property and heritage registers. The data
collected, such as property, land use, extension, volume,
2D and 3D plane and location, will contribute useful
information to the current General Property Register.

There are listed cellars dl over Spain, and particularly
in the southeast of the Iberian Peninsula (Aranda, 2003).
Studies have been carried out describing the various
typologies of the underground cellars in the Ribera de
Duero region, one of Spain's traditional wine producing
areas (Fuentes Pardo and Guerrero, 2006). The knowl-
edge of a heritage site requires the collection of specific
information: a reconnaissance, a preliminary or approx-
imate study, and a more detailed study. This article aims
to analyse the various levels proposed by Patias and
Santana (2011) based on the indications of Letelier
(1995), athough with extensive development of the level
of detail on the heritage site. The proposals for a
methodology for the re-utilisation of rural constructions
include a systematic description of principles for
cataloguing them in regional databases (Fuentes,
2010). This research is designed to respond to the urgent

need to graphically represent these underground cellars
in order to catalogue them and conduct exhaustive
metric and volumetric studies.

Wine has traditionally been produced in wine cellars
that are amost invariably built below ground level.
They typicaly have a vault or entrance tunnel ending in
a door to the outside, and an underground space where
the wine is fermented, consisting of a gallery about 2 m
high and with a length of between 5 and 20 m. The
entrance is north facing in order to favour ventilation,
and there are normally one or more chimneys, known as
'zarceras'.

Site description

Atauta is a smal village in the province of Soria
(Cadtile-Ledn, Spain) (Fig. 1). The wine cdlars in
Atauta represent the most numerous and best-conserved
collection of this traditional architecture commonly
found throughout the Ribera de Duero region.

Some of the underground wineries in the Ribera del
Duero region date from the 15th—-16th centuries (Maria
Fuentes 2010).

The céllars in this study are located to the southwest
of the village of Atauta, in a terrain with a varied
geology comprising some 20 different types according to
their composition, coarseness, nutrient richness, etc.
There is a predominance of sandy, calcareous, silt and
clay soils.

The study area stands at 950 m above sea level, and
supports wine producing practices that date from 400 to
500 years ago. The orography consists of mountain
dopes, avalley and aflat plain on a hill.

The climatology of the area has a continental char-
acter with a Mediterranean influence, and the average



2 Underground wine cellars in Atauta (Soria)

rainfall ranges from 450 to 550 mm a year. Inside the
underground cdllars the high relative humidity of over
85 or 90% serves particularly to minimise evaporation
loss and ensure a uniform year-round cool temperature
of between 7°C (45°F) and 13°C (55°F), long considered
the optimum for aging high quality wines (Silvia and
Ignacio, 2005).

Located on a gentle dope above the vdley of Atauta,
over an area covering 19 hectares, there are 141
underground wine cellars, 9 wine presses (‘lagares), 15
snaler wine presses (lagaretas), 3 cadtles and 4
dovecotes (Fig. 2).

Characteristics
There is a growing interest in the representation and
visualisation of the real world using 3D tools. This is
done today using the 3D property databases applied in
national property registers (Aydin, 2008).

The underground wine cellars in Atauta belong to
section 60, parcel 5676 (1.49 hectares) and section 65,

parcel 5477 (0.38 hectares). They are declared as having
agricultural use in the Genera Property Register
(Fig. 3).

The constructions adjoining the underground wine
cellars built on the surface adso appear in the register,
and are dasdfied as 'undeveloped land, works of
urbanisation and landscaping'. The remaining under-
ground cellars are not registered.

The intention is for this Site to be declared an
‘ethnological site, a category considered under Law
12/2002 on Cultural Heritage of the Castile-Ledn region.
This law considers a Property of Cultural Interest (BIC)
to be an 'ethnological site', consisting of any Ste or
territory transformed by human action, in addition to
series of both grouped and dispersed constructions, and
installations associated with traditional ways of life
(Pardo et al, 2007).

M ethodology

The plan for the development of this research (Fig. 4) is
based on the use of geovisudisation GIT for the
representation of underground wine cdlars as the
optimum method for compiling an inventory of these
unique spaces (Achille et al, 2011). Different sensors
were assessed for data collection: topographical (total
station) and innovative 3D techniques (laser scanner and
close range photogrammetry). By comparing the read-
ings from each sensor we obtain the data that alow us to
assess the most efficent method for documenting and
inventorying underground wine cellars. The Geographic
Information Systems (GIS) proposed in the methodol-
ogy is implemented with the data and information
obtained. In order to visualise the information and
promote the knowledge of these constructions, an
application (AP!) for the web environment and mobile
devices was created using ArcGIS.

3 Constructions declared in the General Property Register
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4 Diagram of methodology followed

Measuring underground wine cdlars:
topographic survey

The advances in the performance of total station such as
non-prism measuring, robotics, camera and scanning
functions have enabled this technology to be used for the
documentation of cultural heritage (Scherer and Lerma,
2009). This GIT technique is used following the con-
ventional method for survey accuracy.

The ‘'Atalaya vertex in the National Geodesic
Network has been used to georeference the topographic
works in Spain's offidd geodetic reference system
(European Terrestrial Reference System 1989 - ETRS89).
A digital inventory was created using a reference point
at the access to each underground wine cdlar for the
topographic mapping of the interior of each one. A
conventional topographic map based on a closed
polygonal was made of the area outside each under-
ground wine cedllar. An interior map was created using
various stations to obtain the necessary planimetric and
atimetric points to represent dl the different spaces:
access vault, corridor and the various rooms. The
instrumentation used was a Pentax R-325N Tota
Station (Fig. 5) equipped with a laser sensor for non-
prism readings.

Calculations were made for the graphic representation
of each underground cdlar, obtaining maps, long-
itudina profile and cross sections (Fig. 6). The total
volume of earth supported by the underground wine
cdlar was calculated based on surface differences
(MDT), and the total capacity (volume) of the interior
of the construction was obtained.

Aging wine involves maintaining the atmospheric
conditions in a suitable space over a certain period of
time. Underground cellars can provide these constant
conditions. The volume of earth supported by the wine
cdlar and the air it contains is directly related with
hygrothermal behaviour and its influence on the atmo-
sphere in the cave (Silvia and Ignacio, 2005).

Measuring underground wine cedllars. close
range photogrammetry survey

Another GIT used to document cultural heritage that we
assess in this paper is close range photogrammetry.
Recently, methodologies have been applied to create
accurate models using digital images (Barazzetti et al,
2011; Sdonia et al, 2009). This method consists of the
following steps: calibration and orientation of the cam-
era, point measurement of the images and the generation
of 3D point clouds, generation of the surface and the
application of textures (Sansoni et al, 2009).

Different coloured markers were placed a key points
to define the structure of the model to be represented.
Circular targets are ideal because most software can
actudly assg in finding the centre of the target very
accurately, far better than human error will alow. The
different colours are used to define the structure of the
underground cellar. The markers are made of expanded
polystyrene and have a diameter of 60 mm (Fig. 7).

After visting the reference wine cellar, the points from
which the different image captures were to be made were
located to give an overlap of at least 50%, and with Sx
common markers between the photographs. One of the
difficulties encountered was the narrowness of the space
to be mapped. All the images obtained were uploaded to
the monoscopic digital photogrammetric station and
processed with Photomodeler software  (http://mww.
photomodeler.com/) to process the 3D reconstruction.
The process of calibrating the camera, placing and
referencing the markers used in the fiddwork and the
subsequent internal and external orientations of the
images generates a report on the whole procedure and
produces a three-dimensional representation of the red
space (Fig. 8). A knowledge of the structure and
material of the underground cellar makes it possible to

5 Topographic mapping with Pentax R-325N Total Station
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6 Plan and profile of underground wine cellar 'Apolinar’

study its condition, determine whether the structure isin
need of support, and analyse any possible deformations.
The texture map is generated to give a redigtic
appearance to the three-dimensiond model. The 3D
modelling of the interior and exterior of the historic
heritage was carried using the same methodology.

7 Position of markers

Table 1 Characteristics of Z+F Imager 5010 laser scanner

Measuring underground wine cellars: laser
scanner survey

The introduction of terrestrial laser scanning (TLS)
devices in the fidd of measuring has increased the
possibility of obtaining more accurate and complete 3D
models of objects (Sansoni et al, 2009). Data acquisition
with laser scanning devices is dso extremdy fast.
However, particular care must be taken when analysing,
processing and modeling the data from the laser
scanner, as they often have a high presence of noise
which must be eiminated before processng begins
(Fig. 9). As the spaces occupied by the wine cdlars
have complex and irregular geometric forms, a number
of scans are required which must be georeferenced by
identifying at least three homologous points in the
overlapping area from two consecutive scans. The
program makes three rotations and three translations
in order to transfer the position of al the points to the
single reference system for the whole work.

The underground wine cellar -'Apolinar'- in the study
was scanned with the lasr Z+F IMAGER 5010
(Table 1), taking sx scans from three different locations
(Fig. 10).

The mapping resolution was designed based of the
underground wine céllar, varying the distance from 0.40

Sensor Minimum Resolution Data acquisition Vertical field Horizontal field
weight/kg distance/m range/mm of view/° of view/°
Z+ F Imager 9.8 0.3 0.1 Max. 1.016 million pixel/s 320 360
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9 Data collection with laser scanning

to 6 m with a accuracy of 20 mm. In order to validate
the methodology, we considered an optimum ratio
between the final accuracy obtained and the efficiency
the data collection. The laser scanner was configured so
that the point cloud and the resulting 3D model were
accurate to the centimetre. We consider this accuracy to
be aufficent for the graphic representation of the
underground wine cdllars in this study.

The JRC Reconstructor software was used. It has a
broad capacity for handling three-dimensional data
from historical and cultural sites. The estimated time
spent on the different stages of processing the 3D model
is shown in Table 2. The different 3D grid point clouds
were georeferenced, and a range of filters were used to

Table 2 Estimate of time spent in different stages of
processing of 3D model

Laser scanner survey Time/h
Data collection with laser scanning 2:00
Software reconstructor

LIDAR data importing 0:30
Point cloud colour editing 0:20
Point cloud filtering and editing 0:25
Meshing and mesh simplification 0:25
Linear distances, areas and volumes, link to AutoCAD 0:20
Simplifying mesh or point cloud 0:10
Cut and fill volumes 0:30
Orthophoto using high resolutions textured models 0:40
3D Model fly through video 0:40
Totd 6:00

10 Data collection with Z+F Imager 5010 laser scanner

minimise the noise, and a photorealistic three-dimen-
sional model was created.

The 3D model enabled us to obtain the cross-section
from the cutting plane containing the zone of the steps
and the transverse profiles of the different areas of the
underground wine cdlar in the study. The transverse
profiles indicate the height of the underground cellar
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11 Transversal profiles

and alow calculation of the volume of earth supported
(Fig. 12).

Subsequently  orthophotos were obtained of the
entrance to the underground wine celar. Texture
mapping is required in order to achieve photorealistic
results. This involves georeferenced images taken by a
calibrated digital camera on the 3D model (created by
the scanner) and processed in order to blur/soften shifts
in contrast and lighting (Fig. 12). The orthophotograph
of each underground cdllar will be incorporated into the
General Property Register to provide additional infor-
mation on the state of each property.

A series of virtual animations were obtained for use as
a product for dissemination and preservation, and
consisting of a route around the inside and outside of
the underground wine cdllar (Fig. 13).

Results

Table 3 shows the comparative analysis of the GIT used
to represent atypical underground cellar. Using the GIT

14,14 m

technique for conventional surveying, it took five hours
to represent the exterior and interior of the underground
cellar. Few data were captured with this technique and a
3D model was generated with an accuracy of 80 mm.
Using the GIT technique for the close range photo-
grammetry survey took 7 h and involved a laborious
data processing stage, with a find accuracy of around
30 mm. The time taken to reconstruct the underground
wine cellar with monoscopic digital photogrammetric
station was two hours of data collection and another 4 h
of data processing, with an accuracy of about 20 mm.
The profiles and volumes were calculated using the 3D
model generated by laser scanner. Due to the accuracy
obtained for the 3D models creasted with the other
techniques evaluated, topographic survey and close
range photogrammetry survey, these were discarded
for these calculations. The calculation was made by
comparing the two surfaces by means of digital elevation
models. The result is around 30-40 m® of earth
supported by an underground cellar. These data are

Table 3 Comparative analysis techniques GIT: accuracy obtained in relation with time

Data collection/h

Data processing/h

3d model accuracy/mm

Topographic survey 5:00
Close range photogrammetry 7:00
survey

Laser scanner survey 2:00

5:00 80
4:00 30
4:00 20




12 Texture mapping

13 Virtual animation frame (JRC Reconstructor software)

used in subsequent studies of hygrothermal behaviour
and its influence on the atmosphere of the underground
cellar.

The results obtained have enabled us to conduct
studies on the climate conditions inside the underground
wine cellar in order to determine the quality of the wines
(Slvia and Ignacio, 2005). For centuries man has dug out
underground caves in which to produce and age wine.
Heat inertia and the earth's properties confer thermal
stability and the necessary conditions for wine conserver
tion with zero energy costs (Mazarron and Canas, 2009).

We consder that the dissemination of culturd
heritage is an essential factor for rural development
in the study area. An application (API) was designed
for the web environment and mobile devices (http://
www.gesypupm.com/# en-blanco/cp92) together with an
explanatory video with information on this heritage
element (http://youtu.be/GONPEBCA7ZA). All research
results are available on the web application: maps,
profiles, orthophotos, photographs and volumetric data.
All the ideas or projects to be developed should be
geared towards the reutilisation and adaptation of these
gpaces for new activities (Fuentes et al, 2010) in order to
guarantee their preservation.

Conclusions

The chalenge of this research is to make use of
advanced technologies for data collection in under-
ground wine cellars. This is a cultural heritage with a

unique morphology, with a very narrow entrance, and
different branches of varying depths. These features
reduce the efidency of dose range photogrammetry. After
asessing the underground wine cdlars using GIT, it was
found that the laser scanner as a rapid and accurate fidd
technique for representing unique spaces, and although the
post-processing time is high, it should be seen as the
optimum tool for cregting a digital inventory of under-
ground wine cdlars. We bdieve this study to be a best
prectise methodology, because of the high accuracy
obtained in relation with the time spent on its development.

Currently, heritage archives and property registers do
not contain 3D information. The methodology used in
this research responds to this need. The accuracy
obtained in the 3D model of the underground cellar
using the laser technique is adequate for use in the
databases of the General Property Register.
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