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Abstract: - The historic centre of a town is its oldest and original core. It needs special protection in order to
ensure the conservation of its historical, artistic and environmental heritage. In Italy, the definition of historic
centres and the protection of their cultural heritage evolved in time, up to the current special attention for the
historical aspects. The main threats to historical centres are real estate speculation and mass tourism. The
purpose of this study is to catalog and monitor historic centers over time, in the context of urban planning.
High-resolution satellite images and geographic information systems (GIS) offer new tools for urban planning
and also for cultural heritage themes. “Real time” evaluation of urban structures, cartographic updating,
monitoring of the progress of major works, with particular regard to cultural heritage, are made possible by the
use of high-resolution images, which facilitate the identification of changes in urban and non-urban areas. The
technique of Object Based Image Analysis (OBIA) has been used for image analysis and interpretation. OBIA
allows a good interpretation of the scene captured by sensors thanks to classification-based segmentation and
extraction of complete objects and their topological relations. This yields to a classification similar to the output
of human photo-interpreter, but with a better reproducibility and homogeneity. In this paper we describe,
through an application example, the potentiality and the difficulties of this technique and some results. The
whole information obtained from segmented and categorized satellite images has been structured in a proper
GIS, so that it can be overlaid with other environmental data. Information structuring and special metaheuristic
analyses allow to study and monitor historic centers and cultural heritage. This methodology allows to identify
the places at risk that need priority restoration; moreover it allows to keep track of changes that occurred over
time.
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1 Introduction

Cultural heritage is a system of assets which, due to

their particular historical, cultural and aesthetic

importance, are of public interest and represent the
wealth of a place and its population.

The noun "heritage” refers to the assets that
compose it, because of their artistic and historical
value. It is the legacy of physical artifacts and
intangible attributes inherited from past generations,
and the existence of a regulation that concerns all
things of value: the so-called cultural assets.

Cultural assets are that system of things that
make up heritage, both culturally and economically.
It is a complex monetary value, susceptible to
extreme fluctuations and subject to infinite
variables. When a company defines its art objects
and legally protects them, it does a selection that
aims to recognize the historical and aesthetic value
of these objects that make up the heritage of the
community. Cultural heritage is a dynamic and ever-
expanding system. It is part of continuous
discoveries and acquisitions of data and materials
(research in the fields of art history and architecture,
archeology, archival and bibliographic
documentation and social histories never stops), as
well as artistic and expressive experiments of our
times or of the past. In the ‘60s, a specific study
commission gave a definition of “cultural heritage”
which is still valid: cultural heritage is a material
evidence having the value of civilization.

Therefore, examples of civilization, history and
culture are assets of historical and artistic interest,
monuments, archaeological, archival, book and
landscape-environmental assets.

They have a recognized artistic value and belong
to culture and to the community, they are historical
testimony and object of aesthetic education. For all
these reasons they need enhancement and
protection.

The assets that are part of the cultural heritage
express not reproducible and unrepeatable values of
the society they emanate from (they are "unicum",
there are no replicas, nor is there another asset that
have same formal, aesthetic and symbolic
characteristics.

The assets can be movable (transportable) or
immovable (permanently anchored to the place
where they were built).

Italian law about cultural heritage (mainly Bottai
law n.1089/1939) defines and classify several types
of assets (Fig.1):

» Artistic and historical assets: all works and
monuments, both movable and immovable,
which have a recognized artistic value or a
special historical significance;
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» Architectural assets: all buildings, architectural
ensembles and monuments. Therefore, real
estate ehose artistic or historical value has been
recognized;

* Archaeological assets: movable or immovable
assets and testimonies from the past, brought to
light through technical excavation or not yet
found, but whose presence is ascertained in a
given place;

* Historical centres. An urban and building
complex where road system and its urban
activities have never been interrupted;

* Book assets and libraries: these assets are usually
within libraries, which collect the books,
safeguard their integrity and make them
accessible to the public. Libraries can be state-
owned or dependent on local authorities, non-
profit organizations, monasteries or belonging to
private property;

* Archival assets: these assets include both
documents and archives, i.e. those public
instructions intended for the conservation of
public and private acts and documents that are of
state competence;

* Museums. They are important institutions,
capable of hosting and exhibiting a series of
movable assets, which are kept, catalogued and
exhibited to the public (museums can be public
or private).

parks, Italian

areas

Typology

Number of objects

Fig.1 Monuments, parks, Italian archaeological
areas (ISTAT, 2016)

Environmental assets, instead, are part of the
cultural heritage of a country and are recognized as
chorographic areas representative of a specific
region, which constitute natural or man-made
landscapes (those areas in which there are urban
settlement structures which, due to their value, offer
evidence of civilization). There are two main types
of environmental assets:
* individual beauties, i.e. those that retain an
uncommon intrinsic spontaneous value (parks,
caves, natural bays, etc.)
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e the overall beauties of the whole, that is the
natural forms or buildings that must be protected,
as an integral part of a unitary complex of
particular value.

It is not possible to protect what is unknown. A
list of "things", "movable or immovable" is the basis
of any protection initiative.

Already in the late Middle Ages the treasures
kept in churches were inventoried; during the
Renaissance the popes prepared lists of movable
materials to stem the dispersion of antiquities and to
control ownership of statues and paintings.

The need to protect heritage, therefore, is always
accompanied by census initiatives: in 1773 "the
Council of Ten" commissioned the scholar Anton
Maria Zanetti to draw up a list of all the pictorial
works kept in the city of Venice, also providing the
formalization of the lists, to be delivered to the
various administrators of these assets. Sine Pacca
edict in 1820, a written registry of assets becomes
mandatory.

The Catalog can be a file, inventory, register or a
database. Cataloging is a set of processes supported
by historical-aesthetic analysis. A filing and
cataloging campaign is therefore strictly connected
with the principles of heritage protection. The
examination of the inventories of the collections,
whether they were private, public, belonging to
churches or other entities, allows to document the
history of the collections and of the individual
pieces. These indispensable classifications, now
almost entirely published and available for
consultation by students and scholars, do not follow
fixed models: in some cases the surveys are rich of
and technical about the author; in other cases it
happens that the compiler is stingy with
information, or indulges in aesthetic judgments or
attributions of paternity that confuse the researcher.

In the Bottai Law of 1939, the need for
"descriptive lists" for public and private assets was
invoked, to be systematically updated. The lists
were an easy means to verify existing assets for
administrative purposes. The cataloging implies an
identification and recognition of the historical or
artistic value of the assets.

The same methodology is valid for Historical
centres, mentioned above as urban and building
whose residential viability and urban function have
never been interrupted. Also the process of
enlargement outside the ancient walls have never
altered their view. But this definition changed.

The historic centre of town or an inhabited centre
is now that part of the municipal territory of the
oldest core subject to protection in order to ensure
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the conservation of  historical, artistic,
environmental evidence.

The attention and the urban definition of the
historic center was born during the twentieth
century when we began to think first of the
restructuring and then of the preservation of the old
part of the city. In Italy there are thousands of
historical centers, of various shapes and sizes. Many
of these have a high architectural value both for
their whole and for the architectural works they
contain. A few years ago, according to a survey of
the Italian National Institute of Statistics (ISTAT)
the Italian historical centers of various origins,
Etruscan, Greek, Roman, medieval, Renaissance,
Baroque, and from the Fascist era, number 22,000
[1].

After the war, with the awareness of the need for
a recovery of the values and of the Italian historical
tradition, with the movements of "architectural
Neorealism" and Neoliberty, it was thought about
the safeguarding and conservation of the historical
built environment. Various attempts have been
made to develop efficient recovery rules.

In recent decades, progress has been made with
the development of recovery concepts and with
urban planning definitions such as that of historicity,
which has expanded to mean the cultural values of a
city, which cannot be limited to a specific central
area. These expand in the territory where ancient
buildings similar to those ones of the city are found
and they must be safeguarded. Therefore, not only

the most illustrious buildings, the valuable
architectural detail, the works of art and the spaces
of public life (municipal buildings, squares,
churches), but whole the historical built

environment, which goes beyond even the same
borders of the city of the past, and has precise
morphological and architectural connotations.
Within the urban planning, which was implemented
with the general regulatory plans (PRG) that today
are Municipal Urban Plans (PUC), the historic
centers correspond to the homogeneous territorial
area identified by the letter "A". “It includes the
parts of the territory with urban agglomerations
historical, artistic and of particular environmental
value or portions of them, including the surrounding
areas, which can be considered an integral part of
the agglomerations themselves.” (Article 2,
paragraph 1, of the interministerial decree no. 1444
of 2 April 1968).

In Italy there are many little-known centers of
territories (called “minor historical centers”) that
can be considered the territorial “armor” that
outlines their identity. They are the concrete
evidence about cultural complexity, settlement
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stratifications and social changes. The historic
centers of small towns are found to be fundamental
points, central elements of each territorial system as
they contain the material and immaterial
experiences and the cultural essence of each
community. The places of living and producing, the
symbols of political and religious power, the road
system give life to a harmonious whole. This is the
result of stratifications attributable to different
economic, social, political-institutional matrices that
must be preserved. Historic centers have different
qualities, but they are all full of traces of the past,
places history and communities who live or lived
there.

Unlike the historical urban areas in which the
city-territory relations have been mediated and then
consumed by successive expansions and by the
strong functional restructuring, the minor historical
centers largely maintain a strong environmental,
morphological and landscape relationship with
surrounding territory and its core. However, they
have also a significant economic, settlement and
infrastructural value because, together with the local
networks, they still are a widespread and articulated
infrastructural resource to support enjoyment of
natural values, recovery of historical, innovative or
economic activities. Therefore, in Italy, minor
historical centers are a fixed capital available to the
community, largely unused or underused.

The reasons for marginality and underutilization
are manifold. These undoubtedly include the
contrasting dynamics of socio-economic, urban and
metropolitan development of the last sixty years, the
prevalence of standardized models of consumption
(supply and demand), often in contrast with
historical and cultural traditions; but also, traditions,
cultures, economies that did not have the strength to
re-propose themselves within the new reference
models and in the processes of cultural formation
that were at the base. The abandonment and aging of
the population can be considered as the main factors
of a process of obsolescence that still affect small
historic centers. Also nowadays there is a gradual
process of  abandonment, because  any
transformation and adaption of settlement to the
need of new generation have been adopted.

We must distinguish the historic centers of the
cities from the small provincial villages, which have
different historical and morphological
characteristics, and take different risks.

For the city centres there are risks linked to
speculation, gentrification, mass tourism: from the
transformation of public spaces, which become
ground for unnatural furnishing arrangements and
for a serial catering and recreational offer, to that of
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construction, which it loses its historical-artistic and
typological characteristics due to the search for
home comfort appropriate to the times, for the real
estate subdivisions, for the proliferation of B & Bs
and for the concentrated introduction of commercial
establishments, often of enormous size. Each new
activity is now subject to specific rules, which
provide for the introduction of various elements and
changes, sometimes incompatible with the identity
of the historical building. Exceptions could also be
introduced to reconcile specific requests with
respect for the characteristics of historic buildings,
even if they are not protected like monuments.

For small villages, there is a risk associated with
depopulation: the absence of building maintenance
due to the low population and widespread poverty of
the few residents is the premise of material
degradation. Where small towns are tourist
destinations of great appeal, the risk is instead that
of transformation into historical fakes with the
revival of typical lost elements, the standardization
of the image and the cancellation of historical
passages [2].

At the beginning of 2018, some scholars, urban
planners with their cultural associations undertook
to relaunch the theme of the conservation of historic
centers. They felt obliged to do so having seen and
known that in Rome it was possible to replace the
villas of the early twentieth century with ordinary
building speculation; that in Florence a variant to
the General Urban Plan was being approved, aimed
at canceling the restoration and allowing the
building renovation even of restricted buildings.
News that followed the alarming worsening of the
depopulation of Venice. They therefore decided to
promote a conference on distortions in the use of the
housing heritage of historic centers, especially those
of cities of art, affected by a real exodus of
residents, massively replaced by tourists and
tourism-related activities (while small municipalities
of the inland areas of the South, are bled by
emigration).

The conference, entitled “The right to the historic
city”, was held in Rome in November 2018, fifty
years after Henri Lefebvre's book on the right to the
city. It was preceded by study seminars, to recall
and discuss the events that gave rise to the culture of
conservation and recovery in Italy in the second half
of the last century. Starting with Antonio Cederna,
the first to understand (just read the introduction to
“I vandali in casa”, from 1954) that the historic city
is a unitary complex, not an assortment of smaller
buildings and more or less important architectures.
Cederna's thought was profoundly innovative when
the belief still prevailed that protection should be
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limited to buildings of monumental importance
(churches, palaces, etc.) while the basic building
fabric was available for demolition and replacement
for hygiene reasons, of traffic, of aesthetics. In
1960, four years after the “Vandali”, the "Gubbio
Charter" (approved at the first meeting of ANCSA -
National Association of Historic Artistic Centers)
declares the intangible unity of historic centers: the
historical centers are not only containers of
monuments but are themselves a monument.

The Gubbio Charter was taken up by the so-
called “bridge law” which introduced, among the
contents of the master plan, the protection of the
landscape and of historical and monumental
complexes environmental and archaeological (for
the first time the word landscape appears in an
ordinary law). Provisional solutions were envisaged,
but certainly effects that have largely allowed Italy,
before and better than other European countries, to
save its historic centers, putting a stop to the very
serious alterations, if not the actual destruction that
took place in the first post-war period. (in Milan, for
example).

From protection to recovery. The first was the
plan of the historic center of Bologna in the early
seventies known all over the world, strongly desired
by the councilor Pierluigi Cervellati to build social
housing through the restoration of the historic
housing heritage. These were the best years of
Italian town planning. Mind you, then, as always,
bad governance and devastating speculative
interests prevailed in most of Italy, but there was
also a diffuse hope that things could change
following the example of Bologna and other
important experiences developed in the following
decades (to remain in the field of conservation of
historic centers: in Taranto, Venzone, Rome, Como,
Brescia, Venice, Palermo, Naples).

The world changed with the 1980s. Gradually,
conservation and recovery were set aside, then
reneged. The most painful events take place in
Bologna and Emilia Romagna where Mibact and the
Region have established that the reconstruction after
the 2012 earthquake was going well where it was,
not as it was. In addition, with the urban planning
law of Emilia Romagna approved in December
2017, a much discussed and opposed urban planning
law, for example, by great urban planners such as
Edoardo Salzano on his Eddyburg website [3]. The
conference did not stop at the denunciation, but
proposed a bill for the protection of historic centers.
It is based on the direct intervention of the State,
with the declaration of historic centers as "overall
cultural assets", with a ban on demolition and
reconstruction, and transformation. A series of
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"principles" of good governance of the territory are
added to the state competences, which must be
implemented by regional legislation with the request
for a direct and extraordinary intervention by the
State as in cases of serious natural disasters [4].

Within the overall framework outlined so far, is
well understood as the basis of everything is a
cataloging and monitoring of historic centres in the
context of urban planning.

High-resolution satellite images offer new tools
for urban planning. The “real time” evaluation of
urban structures, cartographic updating, monitoring
of the progress of major works, are possible thanks
to the use of high-resolution images. From the
infrared multispectral images, it is possible, in
addition to changes in the presence and shape of the
structures on the territory, to identify the heat
sources (industries, anomalous sources), the degree
of pollution of particularly complex urban and non-
urban areas.

The following activities can be carried out:

* Valuation of cadastral real estate properties

» Evaluation of building abuses

» Updating of maps

* Emergency planning

» Territorial planning and management of the

General Regulatory Plans
* Water resources management

One of the most effective tools in the field of
remote sensing is the Object Based Image Analysis
techniques

The main advantage of automatic object-based
analysis is the reproducibility of the photo-
interpretation process so far entrusted to the human
interpreter, certainly not reachable for refinement
and experience but impossible to make
homogeneous over time and therefore comparable.
The textural signature of the urban structure,
obtained with the accurate attribution of the
characteristics to the membership functions that
structure the class hierarchy, can be identified in a
much shorter time and with lower costs. This
availability and the accessibility of satellite datasets
and at short time distances mean that monitoring can
be carried out even at intervals of a few months,
making control of the territory effective and
effective. The limit of the pixel based analysis, even
if it is carried out automatically, is in making the
machine recognize only low semantic level
information such as reflectance, that is the amount
of energy the pixel emits, while the context does not
take on any importance. In the object based analysis,
on the other hand, the semantic rank rises. Spatial
relationship rules, statistics and topological
information are added. In summary, the context is
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estabilished. Concepts of Mathematical Morphology
[5-7] guide the recognition applied to image
analysis; it follows the principles of Fuzzy Logic [8-
9]; moreover, every rule can take on the appropriate
weight, and the context becomes as important as in
the human photo-interpretation.

1.1 Operative phases
The work we present here proceeds according to the
following steps:
1) segmentation and classification of hamlets
through object-based analysis of satellite image
2) Point of Interest are identified and surveyed with
geomatics techniques, and relevant data are acquired
in order to build characteristic information sheets
for each asset.
3) A GIS has been implemented structuring data
about:
+ segmented area;
* points of interest previously surveyed,
* relevant elements in the study area (roads, urban
centres, etc.);
* parameters such as economic attractiveness, risk
areas, etc.
Special Meta-heuristic analysis have been
performed to identify and visualize over time risk
area for each asset.

1.2 Study Area

The knowledge of urban transformation
phenomena is expressed through land use maps for
the control of urban transformation.

The study area is located in the Municipality of
Melito di Porto Salvo (Province of Reggio Calabria,
South Italy), a coastal town in the extreme south of
the Italian peninsula that extends over just over 35
square km. The altitude varies between 0 and 780
meters above sea level.

Principal aim of this study is define a
methodology that allow to realise land use maps for
the government of the urban territory using high
resolution satellite datasets integrated with other
data such as orthophotos, UAV surveys, Lidar data,
cartography, etc. and software for object-based
analysis of remote sensing images.

Until recently, the spatial resolution of the
images offered by Earth Observation satellites was
not sufficient to provide detailed topographical
characteristics such as shape and structure, and this
was strongly felt in applications such as that of
analysis and monitoring of urban environment.

Therefore, analysis tools are necessary to use
also structural and form information contained in
the images. Some of these tools are used for long
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time in other fields
processing.

The information that comes from the satellite
sensor is only the quantity of electromagnetic
energy at different wavelengths, information
generally irrelevant to the research problem. In
addition to this, all spectral processing methods are
based on the assumption that similar objects in the
real world are also similar in the world of spectral
information representation.

In reality there is no direct relationship between
observed spectral behavior and thematic belonging.
In fact, there are different spectral responses for the
same material or the same spectral responses for
different materials.

Furthermore, some categories of thematic
information, i.e., some semantic levels, do not
appeal to notions relating to the type of materials
that are on the ground. In fact, in the spectral
approach the spatial context of the information
cannot be described in a formalized manner.

The most common way to raise the semantic
level of information is human visual interpretation,
in which the structure and spatial arrangement of
objects play an important role in shape recognition
and image classification. This is also the case with
object-based techniques.

such as medical image

1.3 Multi-resolution segmentation

With the applied software, the pixels of the original
image are aggregated in a series of successive steps
until the created polygons have characteristics
corresponding to those desired. We tend to
minimize the spectral heterogeneity of each polygon
derived from the digital number (DN) values of the
included pixels on the basis of the geometric
heterogeneity dependent on the shape of the
polygons created.

If the segmentation process tended only to the
minimization of the spectral heterogeneity, the more
fragmented polygons the higher the geometric
resolution of the image would be generated. The
polygons created must also tend to minimize the
geometric heterogeneity value, defined in turn by
two form factors: the fractal factor, which depends
on the complexity of the perimeter of the polygon
with respect to its extension, and the compactness
factor, which depends on the ratio dimensional axis
of the polygon. Setting the scale factor allows to
calibrate polygons size; its definition is linked to the
reference scale of the cartography that the user want
to obtain.

The segmentation process with the software
eCognition is multi-resolution: by decreasing the
scale factor the generated polygons become smaller
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and smaller because the internal spectral variability
must be lower, and vice versa by increasing the
scaling factor.

A peculiarity of the multiresolution is the
interconnection existing between polygons of the
different segmentation hierarchical levels.

The aim of this paper is to analyze land use/land
cover and settlements not only for land use planning
but also for Cultural Heritage and for monitoring
historic centers and assets. From this point of view it
would be useful to use a technique of analysis of
remotely sensed data that allows to preserve
identified attributes for the entities, such as shape
and spatial relationship, that are important for our
purpose.

OBIA, integrated with metaheuristic analysis, is
a very useful tool and it allow to obtain prediction
models about risk areas and entities. OBIA, with
automatic or semi-automatic analysis, can be
applied to identify and monitor historical centers
and cultural heritage, obtaining vector objects that
will be structured in a geographic information
system (GIS) with their “inherited” attributes. There
will be no overlapping errors because objects are
extracted directly from same images to wich they
overlap. It is also possible to use cadastral vector
layer to guide the segmentation, so the derived
objects “inherit” also cadastral attributes.

OBIA gave very good and fast results in the
Global Land Cover 2000 (GLC 2000) population,
obtaining higher accuracy - in one tenth of the time -
than the Corine Land Cover (CLC) of the 90s,
despite the fact that GLC 2000 was global and
therefore not only European like CLC.

2 Problem Setting

This paper refers to a study started a long time ago
(2004) concerning the creation of a platform for the
analysis and study of urban centers both from an
urban planning point of view and for the
implementation of maintenance interventions for
risk mitigation, and the consequent possible
destination and optimization of funds for the
safeguarding of the present cultural heritage.

The use of Geographic Information Systems
(GIS) is now indispensable also to support
monitoring and processing of decision making for
Culturtal Heritage. By capturing the salient aspects
of the transformations that have taken place, it
become a useful decision support systems. This
need is so important that over time it became the
subject of specific international projects.
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The application was carried out with the use of:

* remote sensing software: ERMapper, ERDAS
and eCognition, ENVI software (for the wide
interoperability it presents).

* GIS software: Mapinfo and Autodesk Map and
Qgis
Taking into  account  precisely  how
methodologies and technologies evolve over
time.

The goal is classification of multispectral images
with the two pixel-based and object-based
classification techniques, with final classification
based on a nomenclature system in nine classes on
three or four thematic levels consistent with the
European Corine Land nomenclature system Cover
born in the 90s, and the subsequential use of GIS to
implement data and generate spatial map of cultural
heritage and places with priority need of restoration.

By way of example, we report procedures
performed in the early stages of this study for the
realization of the DTM.

When this research began, it was not easy to
obtain a Digital Terrain Model. It was necessary to
start from 3D files of contour lines in DXF format
and manage them with several software. Different
files format causes interoperability problems very
oft.

Furthermore, since there was no Regional
Technical Map in Calabria at the time, it was
necessary to rely on the level curves of the
municipal aerial photogrammetry which was
limited, in fact, to the municipal area only. The
images in Fig.2 are related to these elaborations.
The anomaly visible in the DTM was due to the
"virtual" completion of the contour lines which
actually stopped abruptly at the municipal limit.

The basic cartographic documentation was the
municipal aerial photogrammetry with restitution in
1999 following a 1998 flight. Also in 1998 were the
aerial shots for the production of color orthophotos
in 1: 10,000 scale (IT2000 of the CGR). We had
chosen the dxf file of the aerial photogrammetry in
scale 1: 10.000, from which we extracted the
contour lines every 10 meters and 50 meters in two
layers. Then we georeferenced in the representation
Gauss Boaga fuse East, Datum Roma 40, and
corrected the errors found in the dimensions by
editing the 3D polylines of the curves in the dxf,
returning only the elevation point by point to the
correct value and keeping the other dimensions.

From the correct curves we created in ER
Mapper a DTM (Digital Terrain Model) with the
procedure of the minimum curvature, grid of 10x10
meters.
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For the first remote sensing image analysis from
space we had taken into consideration a series of
Landsat 7 images (the main instrument on board
Landsat 7 is the Enhanced Thematic Mapper Plus,
ETM+), provided to ESA by Eurimage like all
Landsat images

Initially the panchromatic and multispectral
bands of Landsat 7 were georeferenced on the basis
of the mosaic of orthophotos.

In figure 2 are the boundaries of the municipality
(red line) superimposed on the multispectral Landsat
7 in true colors (321) and the 3D display of the
DTM. At the top center the DTM alone and at the
bottom in 3D along with selected subsets of both
images.

Fig.2 Landsat 7 image and 3D visualization of the

DTM obtained from aerial photogrammetry. The

Landsat 7 image is owned by the European Space
Agency.

The anomaly of the DTM, very evident in the 3D
visualization, was resolved with a subset of the
municipal area only, in ERDAS with a dxf file with
the municipal limits (transformed into shapefile with
Mapinfo's Universal Translator) through the
creation of a AOI (Area Of Interest). The same
procedure was applied to the Landsat image and to
the mosaic orthophotos.

We then performed a supervised classification of
the Landsat subset from 1984.

As known, once the methodologies used in the
first years of this study have been presented, it is
good to observe how today the technologies for
producing DTM and DEM have changed
considerably and therefore can be produced in
different ways. As an example, a DEM of the same
area built by Lidar is shown (fig. 3). Obviously, the
new procedures are very easy and quick.

E-ISSN: 2224-3496

456

Giuliana Bilotta, Rossella Nocera,
Pier Matteo Barone

Fig.3 DEM built by Lidar.

2.1 Processing with eCognition

With eCognition [10] version 3.0 (then by the
German Definiens Imaging GmbH, now produced
in the latest versions by the U.S. Company
Trimble), the first processing was performed on the
multispectral Landsat 7 image dated 13.07.2001.
Fig.4 shows eCognition procedures.

Definition of the
nomenclature system

Remote Sensing
Image to classify

—

Segmentation

(reference level |

l polygons to classify) :

h 4

Segmentation
(lower level, smaller

polygons)

Wons)

[ + |

| = =

o b -

Segmentation
(upper level, large

CLASSIFICATION

Fig.4 eCognition procedures diagram: purple steps
are mandatory, yellow steps (dashed arrows) are
optional.

This technique starts with one-pixel objects: in
fact, the segmentation is a bottom-up merging
technique, which produces smaller and smaller
image objects merged into larger objects. During the
clustering process, the optimization procedure
reduces the weighted heterogeneity (arbitrary) of the
obtained image objects. At each step, adjacent
image objects are merged to represent the smallest
growth of the chosen heterogeneity. The described
process stops when this growth exceeds the
threshold we defined with the scaling parameter.
Thus, multiresolution segmentation is an
optimization procedure that acts locally. We obtain
the color (or spectral) heterogeneity by summing, in
each level, the standard deviations of the weighted
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spectral values with the weights we have assigned to
each level.

If we only tried to minimize spectral
heterogeneity, however, we would obtain image
objects or branching segments with a fractal-shaped
edge, which would have a heavy effect in structured
data, such as in radar data.

Therefore, it is wuseful for the spectral
heterogeneity criterion to be mixed with the spatial
heterogeneity criterion to obtain elongated or
compact shapes. The spatial heterogeneity is the
deviation from a compact size, identified by the
ratio of the edge length to the square root of the
number of pixels composing the image object.

The compactness factor therefore depends on the
ratio of the dimensions of the axes of the polygon
and is lower the longer the edge.

The segmentation algorithm merges contiguous
polygons starting from each pixel in the image until
the heterogeneity variation between the two
previous polygons and then until the new polygon
exceeds the user-defined scaling factor, i.e. the
threshold value. As long as the change in
heterogeneity does not exceed the defined threshold,
the merging is actually implemented; when the
change exceeds the threshold, the two polygons
remain separate.

In addition, the change in shape heterogeneity,
caused by the merger, is evaluated by calculating
the change between after and before the merger.
This involves computational methods for
compactness and smoothness.

Multiresolution segmentation creates levels with

the parameters given in the table, which takes into
account the characteristics of the dataset.
If we were looking for elongated shapes, such as in
the case of waterways or roads, we would have to
both assign a very high value (e.g., 0.9) to the shape
factor and, consequently, a very low value (0.1) to
the color content (which, recall, is the radiometric
content of the pixel), and we would also have to
assign a minimum factor (e.g., 0.1) to compactness
to identify objects that have strong perimeter
development.  Choosing instead a  higher
compactness factor would identify, for example,
building roofs. By indicating a high scale factor, we
will obtain an image that is not excessively
fragmented.

In this application bands used were five; Blue,
Green, Red, NIR (Near Infrared), MIR) (Medium
Infrared). The Thermal Infrared and Far Infrared
(FIR) bands, i.e. band six and band seven, have been
removed, applying a different display (with the
Layer fixing function) after a stretch of the
histogram (Equalizing: Histogram). The “three layer
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mix” setting has assigned Red to band E, leaving
Green to 2 and imposing Blue to band 3.

Multiresolution Segmentation was used to create
a first level of image objects that group the pixels,
setting the weight to be attributed to band 1 to zero;
the other parameters chosen, namely the scale (10)
and the homogeneity criteria such as color (0.8) and
shape (0.2), and of the latter smoothness (0.6) and
compactness (0.4), are illustrated in figure 5.

To obtain a basic knowledge by means of the
Class Hierarchy, after opening the Open Class
Hierarchy dialog box, the four classes have been
defined: Impervious surface, Water. Agriculture and
Rural.

$h 2416 00 *--f— u.]aauu [E1Ei 1—_|»u«
RaimalnDeell bt - 11.

R s VYAV

Fig.5 Setting of Multiresolution segmentation.

Advantages and disadvantages of Aerial Photo
Interpretation (API), Pixel Based Analysis and
OBIA are summarized in Fig.6.

It seems useful to make some considerations
about segmentation.

As known, there are several segmentation
techniques implemented by different software
(ENVI and ERDAS are the most important and used
commercial software) that mainly apply edge-based
algorithms. The advantage of OBIA is that ENVI
(once by ITT, now by Harris Geospatial) segments
the image after classification (thus losing some of
the most important potentialities of a classification
based on the created objects) and the segmentation
algorithm used is edge-based (in the segmentation
an edge-filter is applied to the image , pixels are
classified as edge or non-edge, and pixels that are
not separated by an edge are allocated to the same
category), which requires the scale level as the only
input parameter, so the level of segmentation
created is a function of the scale level, while
ERDAS Imagine (once by Leica Geosystems, now
by Hexagon), on the other hand, in the versions
released in recent years, segments for classification
purposes but based mainly on the radiometric values
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of the pixel, without therefore taking into account
the shape of the objects to be obtained (except in the
most recent versions, with FLS - Fast Level Set -
Segmentation) nor the relationships between them.
So, the advantage of the segmentation operated in
this study is in obtaining at different levels (and
different resolutions) interconnected image objects
able to maintain their own attributes also geometric
and their relationships.

This approach allows to divide (segment) the
image into “groups” of homogeneous pixels
(objects). OBIA, therefore, first segments the image
and then classifies the objects.

Advantages:

* Good for high spatial resolution data.
* Represents the hierarchical scale of real-world
multiscale ecosystems.

The second step in the process is the actual
classification. All algorithms developed for pixel-
based approaches can also be applied to polygons
generated by segmentation.

We use objects:

* because they are more meaningful to the user;
* Dbecause they are statically driven;
* they are directly usable in GIS.

Classification is based not only on the spectral
characteristics of the image, but also on shape,
texture, context, and relationships with other
objects, and enhances the high information content
of the geometric component of remote sensing
images. For this reason they are increasingly useful
for Cultural Heritage.

Advantages Disadvantages
*  Subjective

* Time consuming

 Interpretation of real objects
* Identification of complex patterns and complex
situations

E «  Ability to include or ignore features intelligently ~ *  Afixed scale is necessary
*  Multi-scale representation « Inconsistency in the use of a steady
e Use of shape, context, neighborhood scale to the whole image
relationships » Humaneror
= * Objective (the rules are applied to the whole * The context hasn't any role
] el e +  Pixel hasn't semantic information
8 *  Spectralinformationis extracted from features Inability to include or ignore features
= intrinsic of single pixel intelligently
E * Vector polygons from the classification
often do not coincide with the image
* Objective (the rules and chosen are o i of image objects, not real
subjective but the rules are applied to the whole objects
image objectively) + Inability to include or ignore features
< ¢  Multi-scale representation intelligently
m ¢ Hierarchical connection between multiscales » Fusion of real objects due to spectral
o

* Use of shape, context, neighborhood
relationships

* Transferable rules: boundaries reproduced
automatically across different data sets

Fig.6 Advantages and disadvantages of Aerial
Photo Interpretation (API), Pixel Based Analysis
and OBIA.

2.2 Classification of the Landsat dataset

The eCognition software offers two different
classifiers: Nearest Neighbor and Membership
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Function. Here the Nearest Neighbor has been
applied.

Nearest Neighbor classification of sample
objects in eCognition is similar to supervised
classifications in traditional 1image analysis
software.

In this phase, to make it easier to identify image
objects, it is necessary to change the view from
"object mean" to "pixel" and activate the outlines in
the View Settings, and then change the Layer
mixing by attributing red to band 3, green to near
infrared and blue to medium infrared, thus obtaining
a 543 representation.

The objects representing agricultural areas are
thus intense green, waterproof objects appear in
purple and violet and are characterized by a high
degree of structure. Objects in the water are dark but
do not blend in with objects in the shadow caused
by mountainous terrain. All remaining objects
represent rural areas, ie land cover with very varied
spectral  information; rural is therefore a
heterogeneous motto class, but eCognition's Nearest
Neighbor  classification can  handle such
heterogeneities. Once the Sample Editor has been
opened, the chosen samples have been selected: the
dialog box displays five patterns for the
characteristic values. The characteristics are the
average values for each channel. Therefore, the
feature space displayed in the Sample Editor is
identical to the Nearest Neighbor standard space.

After selecting the test areas (TrainingTest Areas
- TTA) for each class, the values of the
characteristic of the reference object are displayed
by the additional marks in the histograms. Starting a
classification without class-related features, the first
classification was obtained.

Turning off the contours it becomes clear that
further improvement is needed (Fig. 7). There are in
fact objects that are not assigned to classes and there
is a number of objects classified incorrectly,
particularly objects classified as agriculture in the
upper left part of the image. In addition, too many
objects are classified as waterproof surfaces. These
inaccuracies will have to be corrected with iterative
steps.
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Fig.7: Landsat data classification in eCognition.

A segmentation of the lkonos dataset was carried
out, choosing the scene relating to the west area
because it was less affected by problems of shadows
due to orography (Fig. 8).

A peculiarity of the territory in question is the
presence of dry rivers for most of the year, so it is
not easy to define a watercourse. It has also been
seen that in the first Landsat classification the
riverbed is confused with the urban, falling into the
category of the Impervious.

Since the studied territory is also hilly, the use of
a DTM could allow to discriminate the riverbed
from the surrounding territory (with regard to the
altitude) and from the Impervious.

Fig.8: Segmentation in eCognition of the Ikonos
data.

With the help of a panchromatic dataset (not
present here), four levels of segmentation can then
be created (Table 1).
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Table 1: Segmentation settings

Homogeneity criteria
Shape
Settings
_ Bands
[
3
S a
1< =z @ = 2 < ]
o w| w s | 2|8 B8] &
e [$] © o
2 Z|2| 8| 8| z|8|8|5]| g| §
[%5] a [an] (O] o = n O
Preliminary level 1 0 0 0 0 4108]02[09]0.1
Level I 0 1 1 1 1 4108]02]09]0.1
Level I 0 1 1 1 1 10)08]02]09]0.1
Level IIT 0 1 1 1 1 1/08]02[09]0.1
Level IV 0 1 1 1 1 4510.7]103[02]038

The preliminary level of segmentation to operate
only on the eventual Ikonos pan dataset, is used to
have objects at the maximum possible resolution.
Level 1 is used to identify the base classes; Level 2
must be classified in more detail also on the basis of
relations with the sub-level; 4 is used to classify
large areas based on the density of the urban area in
the sub-levels; finally, 3 exploits the relationships of
all 3 levels described above to obtain the final,
refined and correct classification.

It thus becomes possible to prepare a hierarchy
of classes structured on the basis of the
nomenclature indicated above, on four levels
respectively with 4, 12, 18 and 23 classes.

In illustrating the difficulties that can be
encountered in the application of satellite data
analysis techniques, it was intended to document the
possibility of obtaining, with the object-based
approach, a discrimination of the elements relating
to the urban and its evolution in a more detailed and
articulated than with the traditional pixel-based
technique.

With regard to the structural approach [11-13], it
was necessary to limit ourselves to a first
classification and to the statement of the
characteristics of the subsequent application. The
continuation of this work should also lead to the
creation of a confusion matrix for the evaluation of
the classification obtained. The next step is therefore
to deepen the analysis on the small urban center
chosen to complete the evolutionary picture in the
last twenty years and to extract a methodology to be
applied to other territorial realities.

The preparation time for a good classification
using the object-based approach was quite long,
especially in the analysis and verification of the
identification parameters. Once a classification
procedure applicable with a fairly wide range of
input data has been set up, it becomes possible to
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achieve great advantages both for the strong
reduction of classification and control times and
costs, for the homogeneity of evaluation. Very
important the reproducibility with respect to a
manual classification, both for the direct realization
of a vector type result that can be immediately
integrated into the GIS, already equipped with its
own attributes.

Useful turns out, for the purposes of application
in an integrated system for monitoring of urban
changes, the ability of this software to segment the
study area also on the basis of vector elements and,
in this case, of the cadastral division of the property.
This has an immediate reflection in the possibility of
immediately preparing acts, such as orders, decrees
and other provisions, both for the protection of
properties and territories and to lay a basis also for
the prosecution and repression of crimes.

With OBIA it is also possible to carry out further
studies useful for the monitoring and updating of
sector information, in addition to land use [14-17],
illegal landfills [18], asbestos coverage [19],
riverbeds, map updates [20-21], and environmental
pollution. Other important aspects include assessing
damage to vegetation and estimating CO2 emissions
due to forest fires [22].

3 GIS

Geographic  information systems (GIS) are
nowadays essential tools to afford problems linked
to management of cultural heritage, specifically
architectural and landscape heritage, historical and
artistic heritage, archaeological heritage, protection
and enhancement.

Studies and research activities about these sectors
are all the more effective if they are set up according
to a dynamic process, which embraces the global
dimension of the context. As known, GIS allow to
address the management strategies of Cultural
Heritage in an effective and innovative way in the
context of territorial planning.

Regional historical centre map is very important
in order to catalogue and monitor historic centres in
the context of wurban planning. "Real-time"
evaluation of wurban structures, cartographic
updating and monitoring of the progress of major
works, are increasingly necessary for an excellent
service.

Several cartographic databases are therefore
indispensable to share risk knowledge.

The implanted GIS thus created is also available
for all citizens as a tool for disseminating
geographic information that allows the management
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of the cartographic research for Cultural Heritage
purposes.

It is, therefore, clear that mapping of areas is
extremely useful to track and predict restoration
solution, helping local authorities to establish where
the resources have to be destined to prevent damage
relating the Cultural Heritage.

For this purpose, in this work, we describe a
methodology to define spatial prediction based on
metaheuritics.

This methodology avoids the fast convergence,
and helps the integrated algorithm to make better
use of the search space [22].

The designed system wuses, as input, seven
different parameters (to establish areas at risk)
related to climate, vegetation, topography, human
activities and Cultural heritage information. We
used several data to create final hazard maps:

* topographic maps

* geological map

» classified maps from remote sensing
* segmented maps from remote sensing
* land use

* landslide

» flood events occurred in the area

+ NDVI

* Cultural Heritage info

All these data (that can be updated) have been
suitable structured in a GIS with QGIS software in
order to identify critical areas.

The system is based on the interaction of the
different layers. In a first step it generates its own
risk map for the area and subsequently it identifies a
portion of it according to the structural capacity of
the archaeological asset to withstand any dangers
(floods, etc.).

The developed methodology involves the risk
calculation through the combination of the
components of each individual layer, related to the
position of point of interest. So, the risk function
involve some parameters that characterize the
conservation status of individual point of interest
and other parameters that describe deterioration
system.

The parameters define effects level suffered by
the asset due to its exposure to aggression of
degradation agents and the degree of potential
aggression characteristic of a given territorial area.
Based on the available data, when updating them,
through the calculation procedures, we can know the
level of Territorial Danger, the Vulnerability Index
of the individual asset and the intensity of Risk and
represent the corresponding spatial distributions.
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In Cultural Heritage geodatabase, a table
(descriptive form) with a matched value (index of
intervention priority) is associated to each entity.

Data about asset are mainly related to:

» Structure attributes (year of construction, type of
construction, materials used, dimensions ..)

* historical and artistic importance

* economic capacity of attractiveness

Information about assets was acquired using
various geomatics techniques.

There are many tools and technologies that
allow to analyse, catalogue and monitor Cultural
Heritage, starting from the Laser Scanner [23-25] to
close range photogrammetry [26-27], tools that can
also be applied to underwater heritage [28-29].

An example of Point of Interest table (descriptive
form) is given in Fig. 9.

DATI GENERAL!

Denominazione

Localita

Ente Proprietario
Anno di costruzione
Anno di restrutturazione

Materiali

Tipologia costruttiva

dimensioni in pianta

altezza

Importanza storica

importanza artistica
Capacita attrattiva

Allegati fotografici
. .

e -

Allegati grafici

[DATI STORICI Interventi di restauro

1836 Ampliamento
Inizio Costruzione J 1922 Ristruttuazione sec |
Fasi costruttive prevalenti ¢ 2 1950 Ristrutturazione tet|
Fine costruzione i ’ 1980 Ristrutturazione co.|

Fig.9 Ramirez House example form.

A value describing importance and attractiveness
is associated to each asset.

All raster and vector layers are related and
processed through a metaheuristic analysis aimed to
identify areas that need maintenance activities and
general risk areas.

Thereafter, metaheuristic analysis combines data
of all layers for each asset and provide a value that
interacts with geometric parameters (distance from
the centre, distance from roads, economic
parameters of attractiveness). These parameters are
characteristic of the point of interest, obtaining a
further intervention priority value. This value
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obtained is therefore associated with a represented
area.

Principal steps of metaheuristic analysis are
described in Fig. 10:

» Cultural Heritage Inventory  mapping:
relationships between assets of interest and
historical centres are defined. The choice of
factors characterizing the area and therefore the
asset under investigation is the level necessary to
identify the various parameters that define the
state of risk or need for intervention of an area.

» Importance analysis: all parameters are related to
each other.

» Cultural Heritage susceptibility mapping using
FR model: Frequency Ratio model is used to
define probabilistic relationships between
dependent and independent variables, including
multi-classified maps.

Cultural Heritage
inventory mapping

Topographic data
Distance from the city
center

(—{ Validation dafaset H Training dataset ‘ I .
Analysis !

of Cultural Heritage |

center conditioning |+

Distance from roads

factors

Application
Prababilistic

Slope Degree
Freguency Ratio

Optimize the
parameter N
model .
l . Altitude

Cration of Cultural

Herilags y

- Selection of the best .
Validation of model :
H Economic parameter
. of altactiveness

Fig.10 Metaheuristic analysis: Flowchart.

All pixels having this value are aggregated and
exported as vectorial format to generate a spatial
map of the cultural heritage and the place with
priority need of restoration (Fig. 11).
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Fig.11 GIS elaboration historical centre with risk
areas.

By way of example, the following figures show
the results of the analyzes obtained in the first and
last year.

Fig.12 GIS with identification of initial hazard
areas.

Fig.13 GIS with identification of final hazard areas.

4 Results

Figures 12 shows the processing for the
identification of hazard of the whole area as a
function of all the risk parameters. Subsequently
these parameters have been integrated with
parameters about Cultural Heritage and with
metaheuristic analysis (Fig. 13).

Studies based on OBIA have well proven to be
useful in evaluations also with regard to
archaeological heritage and landscape archeology
[30-33] while still other tools for ground
investigations are added [34] and new image
acquisition platforms such as UAVs add further
perspectives to  monitoring [35-37], further
strengthened by the contribution of Machine
Learning [38]. It is not ruled out that the latest
advances in image analysis may lead to further
results [39-40].
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Metaheuristics analysis with GIS tools have been
performed and the results showed that historic
centre has undergone several transformations that
put its integrity at risk.

5 Conclusions

Constant monitoring is an essential step to
safeguard Cultural Heritage. The continuous
availability of satellite images and their analysis
techniques, as the OBIA, allow extraction of
information in a way that can be easily integrated in
a GIS and assume an increasingly relevant
importance to monitor regions and historical
heritage.

The “inherited” parts of our settlements represent
a complex cultural asset and valuable fixed capital
of great potential for the quality of contemporary
living space.

Compared with other technologies, OBIA allows
a good interpretation of the scene captured by the
sensor thanks to its segmentation, to the extraction
of objects with their topological relations, also in
relation to the context. This leads to a classification
similar to those of the human photo-interpreter but
with a better reproducibility and homogeneity.

The implemented GIS is useful for management
of geographic information related to other
information on the territory. Metaheuristic analysis
performed with GIS play an important role for study
historic centres, manage and conservation optimize
of Cultural Heritage. With GIS is possible to
generate spatial maps about cultural heritage and
classify points of archaeological interest. Therefore,
users are able to identify the places that with priority
need restoration and to obtain information about
changes occurred over time. Moreover, GIS is
useful for all the citizens for disseminating
geographic and spatial information, and managing
cartographic research.

Future work could be focused on improving the
performance of the system through the deepening of
metaheuristic analysis, considering also for OBIA
the contribution of UAV images that can integrate,
as a source of data easily usable, the analysis of
satellite data to be acquired at regular intervals. The
idea is to provide for the acquisition of high-
resolution satellite data at regular intervals, so as to
have a regular time scan, and at the same time
organize the zenithal acquisitions from drone, so
that in the Points of Interest there are also
comparable data at very high resolution.
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