International Journal of Business, Human and Social Sciences
ISSN: 2517-9411
Vol:9, No:11, 2015

Management of Cultural Heritage: Bologna Gates

A. Ippolito, C. Bartolomei

Abstract—A growing demand is felt today for realistic 3D
models enabling the cognition and popularization of historical-artistic
heritage. Evaluation and preservation of Cultural Heritage is
inextricably connected with the innovative processes of gaining,
managing, and using knowledge. The development and perfecting of
techniques for acquiring and elaborating photorealistic 3D models,
made them pivotal elements for popularizing information of objects
on the scale of architectonic structures.

Keywords—Cultural heritage, databases, non-contact survey, 2D-
3D models.

1. INTRODUCTION

PEAKING about architectural survey for the process of

data gathering means penetrating the most dynamic fields
of research, particularly because of the intimate connection
that links the discipline with the technological development.
It’s the relationship between software and hardware devices
that help us to record the undergoing changes of the survey in
an important moment of revision, from a traditional approach
to one intimately connected with the huge potential provided
by digital technologies [8].

In the last years the dense stereo matching or image based
modelling technologies have become quite a valid instrument
for surveying and representing Cultural Heritage.

Techniques and instruments of digitalization have made
possible the large-scale production of three-dimensional
objects belonging to artistic and Cultural Heritage.

Conversion of physical (material) objects into digital ones
involves constructing photorealistic 3D models, whose close
geometric, metric, structural, chromatic similarity to the real
object is necessarily its main and characteristic feature.
Models of this type provide a much more effective, articulated
and complex representation than others because they can be
used as bases to construct cognitive systems.

Digital visualization makes possible an integrated
interpretation of heterogeneous data and a redefinition of the
very concept of representation by linking it to the concept of
information.

A 3D model can be considered a vast and structured out
information database [20]. More 3D models of architectural
element systems could compose a 3D database, which would
also express relations between them and their location.

Digital archives ascribe to 3D models with the information
typology that characterize them, heterogeneous data (images,
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texts, video materials, bibliographical documents) with the
purpose to preserve, evaluate and popularize cultural heritage
by devising an open system of knowledge [2]. We also think
that it is not appropriate to focus our attention on a specific
technique only for in order to achieve the objective it’s
important to consider the integration of the techniques, tools
and methodologies, necessary to understand the analyzed
subject. For this reason, drafting a procedure that uses the
interaction between non-contact methodologies and their
elaboration for the realization of 2D and 3D models would be
a topic of great interest [1].

Taking into account the numerous campaigns of research
carried out for years, this study suggests a modus operandi that
seems to be essential for the standardization and the regulation
of data collection, processing and recovery procedures applied
by the research group, to make the final scientific results more
objective and correct [9]. The experiment concerns a study
focused on the Bologna Gates.

II. THE SYSTEM OF GATES IN BOLOGNA

The ring road of Bologna is dotted with ten of the original
twelve city gates, which in ancient times were part of the
“third circle of city walls” [22]. These were built in the
thirteenth century and completely destroyed at the beginning
of the XX century. In the centuries between their erection and
our times some of them have been preserved in their original
form, others were partially demolished or rebuilt in a
completely different style, while still others — were razed to
the ground (Fig. 1). Today, they are just monuments of the
past and do not belong to any unified system of architectural
structures. Each of them tells its unique story composed of
demolitions, superimpositions, and architectural interventions,
undertaken also for social and economic reasons. A survey of
them is intended as a process of acquiring a profound
cognition whose objective is to represent the subject under
study through graphic models. In this architectonic situation,
the survey is an instrument that can probe into the unity of the
place and into the unique identity of the buildings regardless
of the superimpositions of later interventions, without the risk
of abstracting from the architectonic reality fused into its
spatial context — which would destroy the sense of these
structures so unique for their collocation.

III. DATA MANAGEMENT: ACQUISITION AND ELABORATION

The constant spread of informatics technologies not only
helps take advantage of cultural heritage but also offers
various modalities to diffuse it. The methodologies that serve
information sharing are always more universal. They make use
of the potentialities inherent in mobile devices, like for
example restitution of high definition contents, and hence are
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becoming a veritably indispensable instrument of
communication [4]. In recent years there have developed new
research areas concerned with: the speedy acquisition of data
that contain a high quantity of information; use of low cost
instruments that ensure results comparable to those obtained
with the 3D laser scanner within a single acquisition and
restitution campaign. This is precisely the principal area of
enquiry of our research, which aims primarily at realizing
models obtained through a survey that integrates traditional
and low cost methodologies for non-contact surveying. The
experiment seeks to integrate the process of surveying with
that of cataloguing by structuring out models obtained through
digital photographic images in a documentary archive. This
makes it possible to control, get to know, explore, and diffuse
objects belonging to cultural heritage [3].
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Fig. 1 Overview of the area and location of the gates

A. Data Acquisition

Modelling today is considered a creative, cognitive,
modifiable and amenable to research in real time: “The
computer allows to build very easily and three-dimensional
numerical models to observe them from every possible point
of view, as if they were really in our hands. [ ... ] The
computer screen is thus an open window on the virtual space
of the model, which allows us to observe and interact with it,
moving it and changing it" [21]. Thus the definition and
managing of the 3D model become the crucial point of the
problem for the solution of which it is fundamental to define
an operative methodology, for it would be possible to refer to
it in a standardized manner. The concepts of scientific data
and quality alongside that of uncertainty control turn out to be
fundamental in the processes of acquisition and elaboration.
Quality is here understood as a description of contingent or

permanent properties of an object. It designates any concretely
determined formal aspect of a given reality. Lord Kelvin
claims that: “when we can measure what you are speaking
about, and express it in numbers, you know something about
it; but when you cannot measure it, when you cannot express
it in numbers, your knowledge is of a meagre and
unsatisfactory kind”. Thus, a metrological setting is
qualitatively described by an aggregate of parameters that
define the characteristic of measure: uncertainty, repeatability,
accuracy. The stage of data acquisition should always be

considered as an application of a scientific method based on a

collection of empirically observable and measurable data,

which can be archived and subjected to external verification to
be validated. The applied procedure should be replicable in
order to acquire a new aggregate of data comparable to the

preceding one. [7].

The study of the gates of Bologna is based on the process
that integrates traditional surveying techniques with those of
low cost, non-contact ones. This methodology makes it
possible to ascertain that the direct survey control the
measurements and the Dense Stereo Matching techniques
control model construction. This technique offers the
possibility to generate 3D content from photographic images
without the need of high-cost hardware.

The DSM technology originates in the theory of
photogrammetry and makes it possible to draw 3D graphic
models on the basis of photographs. This operation becomes
comprehensible if one knows the relation between perspective
and measurement. However, surveying objects by
photogrammetry is done by specialized professionals and the
tools used are not always low-cost ones. The new
technologies, on the other hand, open up enormous
possibilities to collect, elaborate and share data much faster
and automatically [13].

Through DSM technology it is possible to obtain a realistic
three dimensional rendition of architectural elements on the
basis of “a global and coherent integration of all survey,
modelling and the stages: coordinates, distances, vertices and
profiles for the reconstruction of 3D models, texture” [12],
profiles and 2D models obtained through section planes.
Regardless of software used, the procedure to follow is always
the same and it consists of the following stages:

e Photographing the object surveyed, including the
possibility to do shots from various angles in order to
cover the whole object and the lighting conditions.

e Acquisition of photo images, ensuring that part of them
overlap. Thanks to this, an algorithm can recognize
homologous points in various photograms.

o Photography orientation: the homologous points in the
photos are automatically transformed into points in space
characterized by Cartesian XYZ coordinates and the
chromatic RGB ones. The operation is indispensable to
establish the exact position of the centre of the projection,
i.e. that of the photo camera in relation to the scene at the
moment of acquiring the image; it determines precision as
well as the number of points taken successively.
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o Construction of the numeric model: this results in a three
dimensional point cloud analogous to that obtained with
the laser scanner technology. The cloud point is
transformed into a 3D polygonal mesh that constitutes the
surface of the object and makes it possible to vary the
degree of detail. The mesh can be transferred onto other
3D editor software (http://meshlab.sourceforge.net/) to
make corrections like removing standing out or redundant
points or closing holes inside the polygonal mesh.

e Restoring the outward look: here texture is added to the
3D model. This passage is done automatically and
guarantees the perfect correspondence between geometric
and chromatic data avoiding manual texture mapping
operations, which might result in an elevated level of
uncertainty of the 3D model.

The experimented procedure was aimed at constructing
qualitatively controllable 3D and 2D graphic models where it
is essential to define the uncertainty level of the model scale.
This led to the theoretical definition of the concepts of
surveying and of the survey, confused mainly because of the
great popularity of laser scanner technology.

The surveying stage corresponds to that of data acquisition
and has been conducted first by means of direct surveying and
then by acquiring photo images in order to work only with low
cost methodologies. The procedure yielded a numeric model
(point cloud) — an objective datum which avoids conscious
schematization done by the operator and is configured as the
departure point for further elaborations. Data elaboration
belongs with the stage of survey, a term signifying a cultural
process that leads to a critical interpretation of the object
through discretization. The procedure involves a realization of
graphic models and is defined as 'a process of selection which
makes it possible to highlight elements of interest” [17] in the
object of study respective to the scale of representation. The
quality of the data obtained, with several software which work
with DSM technology has been verified by attributing to each
model a scale reference that describes its capacity to reproduce
reality digitally in relation to its geometric and perceptive
characteristics [8].

In order to verify the accuracy of the survey data as well as
to control the level of uncertainty of the model scale, it is
fundamental to confront the data obtained by making photo
images with those obtained by direct surveying. We take
photograms with a reflex NIKON D300 camera with CMOS
sensor of 12 Megapixels with automatic focalization and
manual zoom procedures. The procedure followed a scheme
that guaranteed cover of the whole object and each photograph
overlapped with the successive one in at least 60-70 %.

The final representation scale of the data was fixed in
advance at 1:100 while — in order to get all the elements of the
object precisely in the selected scale, the distance was
calculated based on the lens focus and the characteristics of
the camera used.

B. Data Elaboration

The data obtained were elaborated by comparing the data
acquired by photo modelling with a commercial software,
Agisoft Photoscan, and software open source, Photosynt,
Arc3D, 123d Catch, with the aim of calculating uncertainty
and the geometric deviation when using the same dataset. The
table synthesizes the characteristics of the software used with
the results obtained in the elaboration process.

The tests conducted demonstrated that a homogeneous
distance from which photos are taken determines the
construction of the model [5]. In the main cases, it has been
observed that among software open source: Microsoft
Photosynth yielded a point cloud too scattered to define a
mesh coherent with the surveyed structure; Arc3D proved to
be insufficient to define a partially constructed model; 123D
Catch turned out to be the most precise in constructing models
and textures. It yields a mesh to which it is possible to
attribute three definition levels, although the resolution
approximation was not left to software. (Fig. 2) Verifications
have been conducted on the model obtained with the Agisoft
Photoscan and 123D Catch in order to control metric
accuracy, i.e. to compare model measures with those acquired
with direct surveying [6] (Fig. 3). Prior to effecting metric
verification — done with the Blender 3D modelling - horizontal
section planes had been created. This made it possible to
obtain a profile thanks to which the model could be oriented
and establish scales in order to compare the dimensions. In
both cases the waste — in comparison to the quantities
surveyed with traditional methods — reached maximum 20 cm.
Considering that in any surveying operation it is necessary do
determine the level of uncertainty also in relation to the
representation scale, fixed preventively at 1:100, the
difference would amount to 2 mm, a value perfectly
acceptable because it falls within the graphics error (11). Extra
confirmation has been obtained by calculating the deviance
value with CloudCompare, an open source software used for
elaborating and comparing 3D cloud points: also in this case
the value obtained from the section of the surfaces that make
up the model in the two dimensional plane, proves to fall
within millimeters (Figs. 4, 5). Thus, the research proved this
methodology to be suitable for filing, cataloguing and
representing objects of study [18].

Three typologies of 2D and 3D models of these objects
have been realized with the aim to communicate all
knowledge acquired with surveying operations. The geometric
model — devoid of any chromatic characteristics makes it
possible to understand the geometry, the proportions and
reciprocal positioning of elements. Texturized or characterized
model is based on the elaboration of digital images: it defines
formal aspects and the conservation state of the object through
texture mapping. Thematic model uses the symbolic character
of color and yields various information about the
homogeneous area of the object — be they associated with the
chromatic treatment or with the state of conservation.
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Fig. 2 Cataloging of the results obtained, software 123D Catch. The table shows that in some cases the photos did not yield data sufficient for
constructing a 3D model on the assumption that sufficient data allow us to recover three perspective images out of four

Constructing a high quality 3d model — the effect of
surveying and object or an architectural structure — comprises
a series of different steps which are partially independent.

The main steps of the procedure necessary for constructing
a 3D object are the following: acquisition of the geometry as
well as the material and chromatic component, managing the
forms of representation, systematization of LOD (Level Of
Detail) [19].

The results achieved shows that the models obtained with
Agisoft Photoscan can be considered better.

The 123d Catch software has a limitation in terms of
megapixel: regardless of their megapixel of the photographic
image, in the upload, the image is still reduced to 3
megapixels. This obviously affects is the quality of the 3D
models created in terms of resolution and quality of
information.

The stage of photogramme positioning and 3D model
constructing were carried out very quickly.

The point was to acquire and process as much information
as possible to obtain the maximum amount of information in a
short span of time.

The software being fully automatized, it is not possible for
the operator to control significantly the accuracy of the model.
However, it considerably shortens the time of processing.

The level of uncertainty has been managed by correcting
the optical aberrations of individual photogrammes and this
stage directly preceded the creation of the 3D model.

The data gained from the survey have been cleaned by
MeshLab visualizer. Then the numerical model obtained by
processing photographs had first been positioned and properly
scaled in CAD environment on the basis of the measurements
acquired during the campaign of direct surveying.

The 3D and textured models worked out (Fig. 6) were taken
as the point of departure for constructing 2D models (Figs. 7
and 8).
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Fig. 3 Comparison of elaborated data with commercial software
(Agisoft Photoscan) and open source software (123D Catch)
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e

Fig. 4 Porta Lame. Step 1: profile extracted from the horizontal
section of the model; Step 2: departing from the profile, the model is
scaled and oriented; Step 3: metric datum verification in relation to
horizontal sections; Step 4: metric datum verification in relation to
vertical sections; Step 5: deviation verification — horizontal and
vertical sections

numerical model geometric model texturized model

Fig. 6 Porta Lame and Porta S. Donato. Different Typologies of 3D
models
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Fig. 7 Porta S. Donato. Extrapolation of 2D vectorial profiles from
mesh 3D model

i
vertical section
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Fig. 8 Porta Lame. Extrapolation of 2D vectorial profiles from mesh
3D model

IV. CONCLUSIONS

DSM technologies make it possible to obtain results
comparable to those obtained with the laser scanner. Although
they do not allow us to elaborate the surveying on any scale,
they still offer significant advantages: shorten the time of

acquiring and elaborating data, offer an opportunity to create
2D models more accurate than those that can be constructed
by direct surveying and also the use the model of high
informative content. This technology proved to be efficient,
fast and simple to use and hence suitable for documenting and
sharing architectonic and archaeological heritage. Surveys can
be conducted in a short time while certain processes are
automatized. This makes it possible to construct a dynamic
and interactive digital model. Although it is only accessible on
the computer screen, it makes it possible to perceive and
understand the geometric and qualitative character of the
architectural structure [10].

Modelling proved considerably advantageous in the next
stage, that of documentation, the result of the output being an
informative model which can become a place of enquiry for
further elaborations leading to critical interpretations.

The modality of representing and achieving metrical and
thematic data concerning object of cultural heritage turns out
to be particularly complex among others for lack of
unequivocally adopted standards. An information system that
divulges connections and links turns out to be an extensively
articulated structure. It must be able to acquire and modify
spatial data in order to archive, maintain, analyze, and present
them in the alphanumeric and/or graphic form. Building up an
archive whose objective is to preserve and popularize objects
of cultural heritage imposes an interaction of many different
competences with the view to addressing problems involved in
working out the conceptual model, data acquisition modalities,
visualization, navigation and access to the contents. The
integration of various data typologies within digital archives
leads to a definition of meta-data serving to qualify elements
of a database with the objective to digitally preserve cultural
heritage. Managing meta-data consists in documenting all
interventions and transformations of the object of study,
providing details of the files, showing their origin and
authenticity. All this allows us to integrate and use the digital
object [14]. In this context, the modality most efficacious for
popularizing objects of architectonic heritage has been
provided by WebGIS 3D systems. They offer the advantage of
describing real objects and spatial relations thought bases of
numeric, alphanumeric and graphic data, integrating
topological information with that of semantic nature.

The concept of information structured within a database lies
at the very centre of the present research. Each digital model
has been transformed into a database element characterized
both by metric, geometric and proportional attributes and by
topological and architectonic properties, which can be applied
to a thematic reading, e.g. regarding its history, material,
colour as well as to iconographic comparisons and studies
monographic-historical studies. (Fig. 9) In this experimental
enquiry, the research team used data organizing instruments —
either stand-alone ones or those incorporated inside the GIS3D
of visualization, with the ultimate goal of sharing and
spreading information. Most importantly, however, the
research resulted in elaborating the data acquisition card that
meets all the criteria of standard cataloguing of architectural
structures. It integrates successfully the descriptive aspects
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with the object's location through real coordinates and some
images of the material analysed. Clicking on the selected part
of the photographic image, one can obtain a wide gamut of
information and various types of models. Special tables have
been drawn up while the database fields and the graphic
interface of the web page contains a form for inserting data. A
click on the choses part of the image opens a description card
which localizes the object of interest at the same time
comparing the unequivocal code number with some models
(1D ones) that identify the object in the context of Bologna.
The card presents the historical-descriptive aspect and in its
first part contains a series of fields grouped into sections that
give information concerning its geometry, materials, colours,
etc. enough to conduct a targeted analysis. Digital archives are
considerably advantageous for disseminating information
concerning cultural heritage. They can be used alongside of or
complementary to physical archives: they offer photorealistic
visualizations of models of existing objects; they can be used
by different clients (specialists, generic) since it is possible to
filter the contents; data are ready to be used directly for
analyses based on geometric and formal data provided by
different representation scale. It is possible to get to know the
object completely moving with ease from the general to the
particular, from the simple to the complex (and vice versa) by
breaking down the objects into sub-components organized
hierarchically. Taking advantage of the newest technologies,
languages and communication protocols, that facilitate

tﬁr’rﬂi‘f‘i?’

information exchange and sharing; it is nowadays possible to
manage information on a much larger scale as well as
construct instruments thanks to which information can be
really exchanged and fully shared [15]. However, in order to
diffuse and popularize data through digital archives, several
problems have to be addressed. They are linked to the concept
of sharing 'crude' data, to using data publicly, to inoperability
and availability of exchange between commercial software
and the open source one, which is the point where information
can be lost. Activities for preservation have the role to collect,
organize, preserve, and make available past and present
cultural resources. Today digital objects have become a
tradition in the cultural production and a business cycle with
the objective to disseminate and communicate cultural data.
The management of cultural heritage is linked with the
development of new methods of acquisition and transmission
of knowledge, and it passes through an ever- increasing
quantity and complexity of metadata [11]. The application of
ICT (Information & Communication Technologies) to cultural
heritage is certainly one of the most interesting frontiers of
activity since object characteristics can be extracted from 3D
images and models and can be made interactive. The future
development towards which we aim concerns the
implementation/importation of database on smart phones and
other mobile devices, its final objective being a complete
knowledge of the Gates of Bologna while “walking” along the
city's streets [16].

Fig. 9 Data system: the 3D mesh model without texture allows reconstruct prospects geometric newsstand ; model 3D meshes with texture and
the photo rectified allow to build the architectural perspectives identifying also the state of degradation. Layout contains also historical
documents and images
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