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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. 

I. 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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 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. 

 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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