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a  b  s  t  r  a  c  t

The  documentation  of  cultural  heritage  is  acknowledged  as  a fundamental  instrument  to  guarantee  the
monument  preservation  and  promotion,  and  to  educate  people  towards  these  aims.  The  recently  evolved
potentialities  of  information  technologies  and  communication  (standard  data  models,  ontologies  and
formats,  web  technologies)  permit  the  development  of  digital  archives  in  which  the  information  is also
semantically  specified  in  a  shared  and  explicit  way,  so  that  it can  be universally  understood  and  correctly
interpreted.  However,  some  tools  are  missing  for  suitably  archiving  and  communicating  the  architectural
heritage  information,  including  the  representation  potentialities  of high-level-of-detail  3D  models.  A goal
of this  study  is the  suitable  representation  of both  the  thematic  information  about  architectural  heritage
and  its 3D  geometric  characteristics  in an  interoperable  and  understandable  way.  For  this  reason,  the
existing  data  models,  available  for the  geometric  and  cartographic  field,  and  for  the  cultural  heritage
domain,  were  considered.  They  are  distinct  standards,  and  some  limits  make  them  incomplete  (in  the
spatial  or  semantic  management).  In this  study, an  extension  is  proposed  of the  standard  data  model
CityGML  to  overcome  these  limits.  CityGML  is published  by  the  Open  Geospatial  Consortium  to  represent
urban  objects  and  permits  a multi-scale  management  of  the information  useful  for  the  representation  of
architectural  heritage  multi-faceted,  multi-temporal,  complex  knowledge.  In  the  paper,  the  extension  is
described, and  an  example  of its application  on a  portion  of a highly  detailed  3D  model  of  a mediaeval
church  is  presented.

© 2018  Elsevier  Masson  SAS.  All  rights  reserved.

1. Introduction

The documentation has been acknowledged as a fundamental
requirement for the cultural heritage (CH) to be known, preserved,
and promoted, since the early documents arose from the awareness
of the importance of CH for humanity (from the Athens Charter,
in 1931 [1], onward). An important concept, already stated in the
Athens Charter, is the necessity of filling in CH public inventories
and archives, with multi-media materials.

In more recent years, an explicit and inclusive principle
regarding the information has been stated in the so-called ‘Ename
Charter’ [2] (principle 2: information sources). Some of the Ename
Charter objectives regard the understanding and the interpreta-
tion of the ‘cultural sites’ (including architectural heritage) through
instruments that permit their documentation with all those ele-
ments that constitute the essence of a CH item. These are shared
with the research presented in this paper:
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• facilitate understanding of CH;
• communicate the meaning of CH sites;
• respect the authenticity of CH sites, by communicating the signif-

icance of their historic fabric and cultural values and protecting
them from the adverse impact of inaccurate or inappropriate
interpretation;

• develop technical and professional guidelines for heritage inter-
pretation and presentation, including technologies, research, and
training.

It is clear how digital archiving technologies can improve
inventorying multi-media documents and how communication
technologies, including the internet, can presently empower the
public knowledge and promotion of CH. The standards for doc-
umentation have an important role in this process, since they
permit the building of interoperable information, understandable
by everyone, since the rules used for cataloguing are well-known
and explicit.

Critical tools to achieve interoperability and accessibility of the
information are ontologies and standard data models, that specify
in a clear, unambiguous, and ‘open’ way how to structure the data
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and prescribe how they have to be interpreted, reducing the risk of
misinterpretation and possible consequent loss of information [3].
The ontologies [4–6] are formal, explicit specifications of a shared
conceptualization [7], that is, the shared description of the objects
and of their reciprocal relationships in an application domain, in
an explicit form and in a machine-understandable language. The
definition of an explicit and shared data model permits the pro-
duction and sharing of open data, with the connected advantages
[8], advanced analysis, enhanced queries and support to artificial
intelligence mechanisms for extracting new knowledge.

The core ontology for managing CH information was developed
by the International Committee for Documentation (CIDOC) of the
International Council of Monuments (ICOM): the ‘CIDOC concep-
tual reference model’ (CIDOC-CRM) [9], and became the standard
ISO 21127. It was initially addressed to the archiving of infor-
mation concerning CH objects conserved in museums, but it is
anyway a reference for classifying the CH thematic data and values,
which can be found very similar also in architectural heritage. Some
extensions to the CIDOC-CRM were developed: ‘Monument Dam-
age Information System’ (MONDIS) [10,11], for representing the
information about preservation, decay, deterioration mechanisms,
restoration and intervention; ‘CRMba', for the documentation of
standing buildings [12]; CRMgeo [13], permitting the inclusion
of spatial information. CRMba has similar aims of this research;
the gap with respect to the considered issues in this study is in
the management of complex 3D models in connection with other
multi-scale parts of the city and the landscape, which are funda-
mental to the monument interpretation.

Some international inventories and projects structure the data
following the CIDOC-CRM. For example the ARCHES project [14,15],
by the Getty Conservation Institute [16] and the World Monuments
Fund [17], develop an open source, interoperable, web- and geospa-
tially based information system for inventory and management
of immovable CH. A connected webGIS allows drawing a simple
geometry collocating the item on a base map. A complex manage-
ment of geometry is however missing.

Other vocabularies compliant to the CIDOC-CRM are realised
by the Getty Institute [18], to structure CH related terms and
items: the Art and Architecture Thesaurus (AAT), structuring terms
linked to the description of works of art and architectures; the The-
saurus of Geographic Names (TGN), which, in contrast to GeoNames
(structured database for toponyms) [19], also includes historical
denominations; the Union List of Artist Names (ULAN), contain-
ing names and synthetic information about CH authors; and the
Cultural Objects Name Authority (CONA), describing the differ-
ent denominations of a cultural item over time. Within these
vocabularies, the spatial component is not present, but they can
be the reference for the semantics of objects that unequivo-
cally have a spatial connotation (e.g. all architectural parts or
toponyms) or for related information (such as authors or object
names).

The spatial extension employed in the cited examples is often bi-
dimensional, however, with little defined geometry (points, lines
or approximate polygons), because the aim is the localisation of
the archived objects for access and retrieval reasons. It is not the
documentation, analysis and reading of the artefact 3D geometry.
One of the main aims of the CIDOC-CRM ontology and of its spa-
tial extension CRMgeo, was the reasoning about CH objects there
archived and the places connected to them (for example for histor-
ical events).

However, the spatial and geometric data represent and mate-
rialise a great and essential part of its cultural value. Therefore,
an important part of the information stored in the digital inven-
tories should be the metric information, which, nowadays, can be
available in form of very dense and detailed 3D models (high mea-
surement and georeferencing accuracies).

For exploiting the available 3D survey techniques in documenta-
tion (e.g. [20–22]), which permits the obtaining of dense, accurate,
and detailed 3D geometry, some 3D models about CH are published
on the web in digital archives, as a support for communication, anal-
ysis, research, education, tourism, preservation. Two examples are
the Smithsonian Institution X3D archive [23] and the one devel-
oped by the CyArk Project [24]. A limit of such repositories is that
they are not labelled with a standard semantics, so they could not
be automatically connected to further information regarding the
same represented object or related concepts. They are represented
in a high level of detail, but they are not connected to their urban
or landscape context, which could be extremely meaningful for
defining and transmitting their value.

In this study, a solution to these gaps is proposed by extend-
ing a standard data model developed in the field of geographic
information and spatial information management, in which inter-
operability is equally a key issue. For this reason, geospatial
ontologies [25] and standard data models for structuring inter-
operable international digital maps were published. In particular,
the ‘INfrastructure for Spatial InfoRmation in Europe’ (INSPIRE)
European Directive was developed [26]. Similarly, international
industry standards are being developed by the Open Geospatial
Consortium (OGC) [27], involving major stakeholders and actors
of the sector. The most important OGC data model for structur-
ing urban data in 3D semantic digital maps is CityGML [28]. It
is an open data model, aimed at the representation, storage and
exchange of three-dimensional (3D) urban objects. The original
aim of CityGML, beginning in 2007, was  to foster the reusability
of 3D city models. Its semantic definition can be equally useful for
managing the semantics of data with the tools offered by infor-
matics and artificial intelligence. Both INSPIRE and CityGML are
compliant with the ISO/TC211 standard about the geographic and
spatial information management and foresee the use of the OGC
Geographic Mark-up Language (GML) [29] for the implementation
of the databases. They present some similarities in their semantics,
especially regarding the INSPIRE theme (and the CityGML mod-
ule) ‘Building’, since the INSPIRE data model (INSPIRE DM)  is based
on the data specification of CityGML for this theme, even if some
changes and simplifications are applied and, therefore, they are
not fully compliant with each other. However, the main difference
between them concerns the different scale to which they are aimed:
INSPIRE DM considers wider portions of land, for supporting Euro-
pean environmental policies; CityGML is aimed at urban-level 3D
representations.

Some studies [30], proposed how to extend the INSPIRE DM for
including the CH sites, including them in ‘Protected Sites’ (Annex
I of the INSPIRE DM). Although being an interesting research, the
considered levels of detail are compliant with the ones foreseen
by the INSPIRE DM,  therefore insufficient for dealing with smaller
parts of a monument. However, considering the relations between
CityGML and the INSPIRE DM in, for example, the ‘Building’ theme,
it is possible to suppose that the extension here proposed could
be somehow translated to INSPIRE in future works. The INSPIRE
DM and CityGML aim at representing a common frame for map-
ping data, independently from any specific application for which
they can be used, therefore they can be considered as ontologies
[31,32].

Other existing systems to manage the building information are
the Building Information Model (BIM) [33], born to project new
buildings, and Historical BIM (HBIM), to manage existing and his-
torical buildings with similar tools than for new-projected ones,
with very detailed semantics concerning the building components
[34]. However, it presents some limitations. Firstly, the managed
geometry often derives from parametric modelling, that is, already
interpreted data, with respect to the surveyed point cloud or a
simply interpolated mesh. It could carry a loss of data if some
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