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Abstract

The recording of cultural heritage objects’ data and information is constructed throughout the reg-
istration of different media items, which function as an anchor of the original object in digital space.
The article investigates the application of a theoretical framework for the organization of information
related to the visual works, on the base of the identity of their single constituent elements. The
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framework is, then, used for the formalization of an ontology which is constructed as an extension
of CIDOC-CRM. The result is tested with information gathered over the Asinou Church in Cyprus,
expressed throughout an ontology for recording propositions over the iconographical attributes and

the characteristic of images.

Introduction

The recording of the information related to a digital
heritage object is constructed throughout the regis-
tration of different m edia i tems ( photo, v ideo, text,
or 3D reconstruction), which function as an anchor
and representative in a digital space of the original
object/phenomena. The cataloguing, organization,
and archiving of such information is of paramount
importance, not only for their future retrieval but
also for exposing, revealing, and integrating this set
of information, as well as provide the domain spe-
cialists with tools for clustering and organizing them.
Nowadays, however, the recording practice endorse
the use of metadata based structure (Baca, Harpring,
Lanzi, McRae, & Whiteside, 2006; Lubas, Jackson, &
Schneider, 2013) that result in a series of flattened
object-centric descriptors which, even if they in a way

relate to the same phenomenon, fail to fully describe
an object in relation to its context, providing to the
final users only a partial account of its complexity.

Overcoming the weakness of such structures
will require, in the first place, dropping the object-
centric approach and making a shift towards an event/
process-centric representation (Kettula & Hyvonen,
2012), while enforcing the use of semantic systems
able to record the relationships between the
described enti-ties. Such shift would ensure a clearer
and distinctive description of the documentation
process, and not just of the result of the process itself:
the document.

While text-based objects have received a great deal
of attention during the last years, the work of nor-
malization and integration of information
regarding items, even if 2D/3D
representations are the main media used to digitally

visual

represent objects, is still
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quite limited. Several tools and frameworks for the clas-
sification/normalization o f i mages w ere | ately devel-
oped and used, but unfortunately, those tools reflect
the aforementioned object-centric vision, and, more-
over, do not take into account the semiosis of the pic-
ture, therefore, lacking one the most important features
for their comprehension. The incorporation of such
attributes within the classification practice would cre-
ate new means for their discoveries and their automatic
collection.

Art history, and in particular iconography, would
help at great length on such challenge. The accumula-
tion of a substantial body of literature and knowledge
in the last century in regard to the study of subjects and
meanings of works of art is, in fact, of primary impor-
tance in the understanding of the relationships between
a representation, considered as a whole, and the collec-
tions of details that convey its identity, both as a picture
and as an historical and social document. Iconography
is at the core of this multidisciplinary effort, and the
contributions of the main actors in the field are essen-
tial for the development of a working system which
would allow the research, clustering, and comparison
of visual items.

Literature review

One of the earliest approaches to the analysis and
interlinking of both knowledge representation and
iconographical art was made by D’Andrea and Fer-
(2007) the authors attempted to map and
reuse concept from both the International Commit-
tee for Documentation-Conceptual Reference Model
(CIDOC-CRM) and the Descriptions & Situations
(D&S) extension of DOLCE developed by Gangemi
and Mika (2003) in order to extract image meaning

randino

throughout knowledge representation methods using
D&S for adding information in regard to the context
and state-of-affairs of a specific representations. While
the work was quite promising, no further
was carried out, leaving the community with just a

development

promising summary of a possible work.

Even if restricted to the Byzantine icons domain, the
study of Tzouveli, Simou, Stamou, and Kollias (2009)
is worth citing as one of the first and more complete
works in the field. The authors, in fact, used fuzzy
description logic to determine features in Byzantine
icons and map those features to an OWL ontology.
However, the features identified a re j ust 1 abels, and

no structure or identity criteria is provided in order
to understand and aggregate pictures. Moreover, the
study, as the authors highlight, is limited to basic and
formal structure such as the one depicted in Byzantine
icons, limiting the applicability to more complex sce-
narios.

Interesting is also the solution developed by De Luca et
al. (2013) during the analysis and documentation of the
tomb of Emperor Qianlong in China. The initial
investigation, in fact, revealed that the engravings and
iconographies of the tomb were arranged in order to
reflect the Buddhist Tibetan funerary ritual; their lay-
out and spatial position reflects the deposit of religious
text within a stupa. To visually show this kind of rela-
a virtual stupa was created and put in rela-
tionships with the final 3D model in order to allow the

tionship

interlinking between spatial elements and their con-
ceptual counterpart. Additionally, a graph-like inter-
face was created in order to browse the conceptual
elements linked to the physical representation. While
not using formal representation methods this solu-
tion demonstrates the possibility given by a semantic
description of iconographical features. However, even
in this case, no identity criteria for recognizing and
aggregating pictures is provided.

Probably the most comprehensive solution is the one
developed for the Fototeca Zeri in Bologna (Daquino,
Mambelli, Peroni, Tomasi, & Vitali, 2016; Gonano,
Tomasi, Mambelli, Vitali, & Peroni, 2014; Mambelli,
2014) for the PHAROS project (Reist, Farneth, Stein,
& Weda, 2015).

While exposing the Zeri Photo the authors devel-
oped two ontologies (F Entry ontology and OA ontol-
ogy) to map data coming from two Italian standards
developed by the
Centrale per il Catalogo e
Central Institute for

Istituto
la Documentazione (or
the Cat-aloguing and
Documentation in English), the Scheda di Fotografia
(or Photography Entry in English), and Scheda
Opera dArte (or Work of Art Entry in English).
The two ontologies were mapped with CIDOC-
CRM, as well as Historical Context Ontology (HiCO)
(Daquino & Tomasi, 2015), Publishing Roles Ontology
(PRO) (Peroni, Shotton, & Vitali, 2012), and FRBR-
aligned Bibliographic Ontology (FaBIO) (Per-oni &
Shotton, 2012), which guarantee the possibility to add
information related to respectively the prove-nance of
assertions, the roles of the agents dealing with the
artworks and the position of the object in rela-tion
to the Functional Requirements for Bibliographic



Records (FRBR) model. Moreover, thanks to an exten-
sion and mapping between HiCO and PROV Ontology
(PROVO) the ontology allows the recording of infor-
mation in regard to the influence between works of art.
This work is excellent and seems to touch diverse needs
in the art-historian community, but it does not take into
account the description of the features and attributes
that greatly would help in the retrieval and aggregation
of visual items.

Methodology

Art history and iconography are essential for the cre-
ation of a framework of description, but the tools in
use in the art historical tradition, such as ICONCLASS
(van de Waal, 1973), the Warburg Classification Sys-
tem (Duits, 2014), and the Thesaurus Iconographique of
Garnier (Garnier, 1984), use the same object-centric
and flat structure aforementioned. Moreover, those
tools are normally biased towards a specific art his-
torian tradition. While this is not a problem per se, it
comes to be an issue when we start to use them
in an integrative framework for querying and cluster-
ing media files based on their symbolic composition.
The main issue here is the dispersions of information,
caused by the lack of harmonization of the sources.
The different descriptions point to similar attributes
which are, however, described differently. It is, there-
fore, necessary to create a top information structure for
their integration, using a language that would allow a
machine to categorize items as common members of a
specific group/category. In order to achieve such goal, it
is important to establish a functional logical theory that
would formalize the meaning of a vocabulary and its
relation to a particular conceptualization of the world.
While for centuries providing a neutral means of
presenting conceptualizations and allowing reasoning
and description in a certain domain was the typical
work of logic and mathematics, during the second
half of the 20th century, and mostly from the 1970s
(Hoekstra, 2009) computer science, and in particular
the sub-field of artificial intelligence, begins to adopt
and re-develop this tools in order to try to construct
systems able to exploit the definition of formal propo-
sitions with the aim of building rich knowledge base.
The field has come to be known as knowledge repre-
sentation, which has been defined as “the application
of logic and ontology to the task of constructing com-
putable models for some domain” (Sowa, 2000).

Knowledge representation is, therefore, a functional
methodology for translating language statements into
computable representations using tools from com-
puter science, philosophy, and logic. Specifically, it
relies on a functional (Zuiiga, 2001) conceptualization
of the world (implied in any information system)
which is specified in a well-founded formal ontology;,
meaning a:

logical theory accounting for the intended meaning of a
formal vocabulary, i.e. its ontological commitment to a
particular conceptualization of the world. The intended
models of a logical language using such a vocabulary are
constrained by its ontological commitment. An ontol-
ogy indirectly reflects this commitment (and the underly-
ing conceptualization) by approximating these intended
models. (Guarino, 1998, p. 5)

The use of an ontology allows the classification of
the statements asserted by various actors/social groups,
providing the shared ground for a group of specialists
to enrich and compare each other’s documentation.

Such a shift from flat d ocumentation t o a n onto-
logically founded documentation structure provide the
prerequisite to the unification of different discourses
into a flexible system, able to fully represent the rich-
ness of the disciplines involved in the analysis of the
object and, thus, met the challenge in their full mean-
ing. Moreover, this method gives the possibility to
transform the recorded assertions into a series of log-
ical statements that can be interpreted by a reasoner,
which can infer implicit knowledge from the original
records and augment them, in order to represent and
reveal a richer network of relationships between the
described elements.

Theoretical foundation

The application of this methodology to complex cul-
tural heritage objects started gaining momentum dur-
ing the latest years, but the role of visual items (such
as motifs and iconographical atoms), and specifically
their role in providing identity criteria for visual her-
itage, was not so well examined.

Develop a solid formal structure able to provide
the necessary identity criteria for our visual heritage,
as well as fully register the richness in its meaning is
imperative. A way to approach the problem is through a
theoretical foundation which would guide the develop-
ment of schemas and other formal structure. The aim is
the definition of a framework able to record the diverse



identities and the sign relations present in visual items
and to link them with the interpretation of a specialist,
as well as with their historical/current context and with
the performative actions that use them and throughout
practice provide them with meaning.

In order to achieve this aim, it is essential to review
and harmonize the current information framework
used for the description of visual items with the art his-
torian and semiotics interpretative theories in regard
to our visual heritage. Following this step, the focus
should be finally switched to the diverse methodologies
for data formalization and integration.

Iconographical analysis

The work on the sign and a perception theory in art
started with one of the fathers of the discipline: Panof-
sky. He identified three layers (Panofsky, 1939) present
in the works of art which can be studied in order to
gain more knowledge about the social, historical prac-
tice that guided the interpretation of a work of art. The
study profoundly changed not only the art historical
landscape, but it comes to influence several other dis-
ciplines, moreover, escorting the history of art in the
realm of semiotics.

Following Eco’s suggestion (1979) that iconography
and iconology can be considered a fully formed chapter
of semiotics, as well as the thought of some other semi-
oticians who have noticed the congeniality of the analy-
sis of Peirce and Saussure with the study of Riegl, Panof-
sky, and Schapiro (Bal & Bryson, 1991), we rely our
on the art historical theory for the foundation of our
methodology. Specifically, we employ the theory devel-
oped by van Straten (1986) which slightly modif i ed
Panofsky’s ideas. Van Straten, in fact, reuses the three
layers identified by Panofsky, but he added another one
in order to clarify some of the ambiguities left unre-
solved by latter (Figure 1).

Van Straten does not challenge the first pre-
iconographical phase of analysis, which identifies pure
forms such as a certain configuration oflines or cer-
tain representation of an object, such as human being,
which could be called the world of artistic motifs.

However, the iconographical analysis, which was for
Panofsky the assignment of themes and concepts to
the composition of artistic motifs—which are recog-
nized to be the carrier of a conventional meaning—is
divided by van Straten into two diverse analysis: the
iconographical description (second phase) and inter-
pretation (third phase).

Visual Representation

Gestalt recognition.
Knowledge of general objects

Y

Pre-iconographical description

Knowledge about themes and
subjects in art

v

lconographical description

Knowledge of the possible
symbolic meaning

v

lconographical interpretation

Knowledge of visual culture

v

Iconological interpretation

Figure 1. Calculating h-index (Alonso et al., .)9002

The iconographical description is the analytical
phase where the subject of the representation is estab-
lished (for example, “Diana and Actaeon”), but not
deeper meaning is searched for. In this case, we can
attribute an iconographical description to all the works of
art, in contrast with the analysis of Panofsky, which
recognize the possibility of assignment of a secondary
subject matter only to a set of works of art (landscape,
for example, did not allow any other analysis if not the
first pre-iconographical one).

The iconographical interpretation examines the
explicitly use of symbols by the artist and formalizes
the deeper meaning of a representation. The fourth and
final step of the analysis is the iconological interpreta-
tion and deal with those symbolic values which that are
not explicitly intended by the artist, and are part of the
visual culture of that time and can be analyzed histori-
cally and ethnographically.

Therefore, the signs are identified during the pre-
iconographical phase throughout the identification
of a specific artistic motif (which are itself sym-
bols/icons) and act as formalized atom of a bigger
structure.



The second act of interpretation is the iconographi-
cal analysis, which requires a more specialized knowl-
edge, and the use, in this case, of vocabularies of forms
in order to describe the content of the image. These
vocabularies do not have to be real external resources
(such as we intend them nowadays), but they easily
can be embedded in our experience and inherited in
a social arena (see Bourdieu [1977] and Lemonnier
[2012] for a more theoretical treaty on such subject).

The recognition of the meaning of the image is based
on the identification of the diverse signs incorporated in
the image, formalized by the artist through ready-
made code (Gombrich, 1994) usually consisting of sets
of attributes and characteristics.

The combination of these attributes, such as objects,
plants, animals, or other icons/symbols, help identify,
in the work of art, a personification/characters in a spe-
cific situation/narrative.

Attributes can also help identify specif i ¢ qualitie
s (kindness, rage, etc.) of the depicted character, or
his belonging to a distinct group (blacksmith, noble,
saint, etc.). The use and harmonization of this
combination have helped the creation of iconographical
types, pro-viding the tools for the identification/
classification of diverse representations (Polidoro,
2008; van Straten, 1994).

The theoretical framework, here briefly recorded,
need to be translated into an information frame-
work to be used for the creating classes and proper-
ties and, then, modeling an object. The first phase of
analysis (see Table 1 for a mapping between object
of interpretation, act, and information requirements)
should provide only the physical understanding of the
object/gestalt under analysis and it will have to be
translated into a morphological and spatial assumption
made on the physical object (we would call this the pro-
cess of identification of an iconographical atom).

The iconographical analysis has to be seen instead
as the assignment of a specifi ¢ term to a certain type of
f i gure. This process typically involves the association

Table 1. From interpretation to information

of the iconographical atom with a conceptual object
that identifies it. T he i dentification is terminological
and it uses specific vocabularies (ICONCLASS, etc.)
where the definitions of the diverse subjects are for-
malized. The iconographical interpretation takes place
with the identification of the various characters (alle-
gories or personification) on the base of their attributes
and characteristics. In order to make the link between
the element clear and re-usable in our further analy-
sis and queries, it is important to associate and classify
the atoms that constitute a figure. Their link to a spe-
cific character would help define his identity in a spe-
cific time/space on the base of the recorded elements.

The name of the elements itself should be chosen
by a prescribed source. The iconological interpretation
would be instead done by the researcher using the data
aggregated thanks to the type of schema which result
from our work.

For being functional, the above theoretical stance
needs to be translated into an ontological model that
would ensure its applicability on a diverse range of
object/situations. In order to make it compatible to
the diversity of semantic resources already available, it
was structured as an extension of CIDOC-CRM (2015;
Doerr, 2003), a standard ontology in the cultural her-
itage domain.

CIDOC-CRM is an empirically defined ontology
focused on the cultural heritage domain, functioning
as a framework for data integration within several cul-
tural organizations. It is organized in entity types and
relationships, and it will allow us to display the degree
of interconnection between the entities that take part in
the production and interpretation of visual items. Fur-
thermore, it gives us the possibility to expand it with
extensions and to use different modules, which have
been already developed, such as CRMGeo (Doerr &
Hiebel, 2013) for the description of spatial informa-tion
and FRBRoo (Bekiari, Doerr, Le Beeuf, & Riva, 2015) for
the documentation of the different entities that gravitate
around the library worlds.

Object of interpretation

Act of interpretation

Information requirements

Primary or natural subject matter — (A) factual,
(B) expressional—constituting the world of artistic motifs.
Secondary or conventional subject matter, constituting the
world of images, stories and allegories.

Intrinsic meaning or content, constituting the world of
‘symbolical’ values.

Pre-iconographical description (and
pseudo-formal analysis).
Iconographical analysis

Iconographical interpretation

Iconological interpretation

Geometrical qualities (Denotation)

Subject identification

Iconographical and Symbolic value
(Attributes and Connotation)
Automatic Inductive Reasoning




Figure 2. Exterior of the church of Asinou, Cyprus.

Regarding the reliability of the documentation
structure, CIDOC-CRM is an International Organi-
zation for Standardization (ISO) standard and is the
results of 20 years of development under the aegis of the
International Council of Museums (ICOM). CIDOC-
CRM would, moreover, help us encode the various
assertion in different semantic spaces, therefore, differ-
entiating the propositions that refer to a physical object
from the meaning assigned to them by an interpreter
(for an extensive explanation, see Carboni & De Luca
[2016]).

Case study: Panagia Phorbiotissa, Cyprus

A real-world scenario, the church of Panagia Phorbi-
otissa in Cyprus, would be used for testing the valid-
ity of this ontological work. The testing would rely on
the collection of data gathered during the analysis of
the church. This church (Figure 2) appears to be, in
fact, a perfect case-study for such work. Known also by
the appellation of Asinou it is as rich in paintings in
the interior as it is humble on the exterior. The interior
walls (Figure 3) are covered by frescoes that range from

Figure 3. Interior wall paintings of the church of Asinou, Cyprus.



12th (foundation) to early 17th century, displaying a
wide abundance in themes and details, which reflect
the history of the country itself. This same richness
allows an exploration not only of the artworks but also
on the relation to the frescoes with other mural pro-
grams in Cyprus, highlighting the dialogue within the
Byzantine imagery in the country, as well as abroad.
For its importance and its beauty, it has been inscribed
from 1985 in the UNESCO World Heritage Site List,
together with 10 other churches in the same area (Troo-
dos Mountain in Cyprus; Carr & Nicolaides, 2012;
Stylianou & Stylianou, 1985).

In order to focus on the methodology and do not
shallowly describe every possible visual element in the
church, we will use as an example one single small
wall painting, the panel of Anastasia, situated on the
wall of the south apse of the narthex of the church
(Figure 4).

The panel of Anastasia, chosen here for its icono-
graphical representativeness, picture St. Anastasia
Pharmakolyitria holding a white martyr cross and a
white bottle. She is commonly called with the epithet
“dissolver of potion,” and the overall figure is icono-
graphically linked to the concept of healing. Next to
her is placed Anastasia Saramalina, one of the several
donors of the church (Carr & Nicolaidés, 2012).

Ontological analysis and development: Visual
and iconographical representations

In order to record the diverse statements in relation to
the panel of Anastasia we introduced a new ontology:
visual and iconographical representations (VIR).

VIR extend CIDOC-CRM (2015) with the formal-
ization of the relationships between diverse visual
representations and symbols that define our visual
culture. VIR relies on the semiotic distinction between
visual signs and their interpretation, as well as on an
art-historical theoretical framework previously intro-
duced for defining the inter-relationships between
atomic elements that compose visual items, defining,
therefore, a set of criteria for the identification and
clusterization of figures in art.

By using a combination of CIDOC-CRM and VIR,
it is possible to record statements (and associate them
with 2D/3D representations) about the physical
and conceptual nature of the heritage, interrelating
infor-mation about its morphological, visual, and
contextual identity.

Figure 4. The panel of Anastasia and Anstasia, Asinou.

In order to provide an example of the possibili-
ties given by this new ontology, a set of information
about the panel of Anastasia in Asinou (using Carr &
Nicolaidés [2012], as the main source) have been
recorded and formalized using VIR’s ontological
structure. The preliminary results are presented in
Figures 6, 7, and 8.

The purpose of these graphs is to provide to the
reader an example of application of the developed
information framework, as well as display how the
information present in just a small portion of a wall
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Figure 5. Legend of the ontology used in subsequent graphs.

painting if correctly described, can help create that
rich-information environment that opens the doors to
new ways to document a heritage object in relation to
its functional and visual context. For easy reading, we
specify in Figure 5 the diverse ontology linked and used
in the various graphs. The diversity is highlighted by
the use of colors, which are specified in the legend. “C
in this case, stands for classes and “P” for properties.
The first graph (Figure 6) describes the process of
creation of the wall painting, defining its temporal
and spatial property together with the information
in regards to the agency and the technique used. The
result of the process is defined as “iconographical
atom,” which is a physical arrangement of forms/colors
created by human activity. The iconographical atom
(IC1) helps relate the physical dimension of the
form with its interpretation. In this case, a specialist

IC16 Character

b

E7 Actniey

identifies the physical portion of the wall painting with a
specific iconographical object (IC9), an identifiable
set of nuclear characteristics of a particular visual
element. The distinction between “atom” and “object”
is of paramount importance for linking to the same
physical form the diverse interpretations (encoded as
diverse instances of IC9s) of a visual item.

A more detailed description of the IC9 (Figure 7),
defining its relation to a portrayed “character” (IC16, in
this case, Anastasia of Sirmium), as well as the
nuclear elements that define the identity of the
object: the iconographical attribute (IC10). The latter
are essential characteristics for the identification of a
visual element. Two IC9 (as shown
7) with the Monastery
of St. John Lampadistis, even if visually dif f erent, ca

in Figure

n be linked together by the use of the same
attributes, unveiling the
attributed to a specific character, and helping study
the evolution of the conventions behind the depiction
of certain visual item. The historical influence, together
with the use of different elements in the depiction of
certain charac-ters, can unveil the variations in the

symbolic  characteristic

schemas and dic-tionaries used in diverse context, as
well as the
ences in the stylistic evolutions of objects.

The above operations are essential for the clusteriza-
tion of images by high-level semantic properties, which
are crucial for a wide scholarly study of the diversity of
the history of visual culture and representation.
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Figure 6. Description of the production of a visual item.
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The integration of information and the analysis of
IC9 do not, however, resolve the issue of the description
of a heritage object as a mere container (as in the archi-
tectural case) or gestalt (as with man-made objects).
For overcoming such problem, it is necessary to relate
the performative action that takes place within a cer-
tain heritage object with the physical forms/structures
used for the construction of meaning. An example
of this formalization can be found in Figure 8, where
it is possible to see the relation between the panel
of Anastasia (IC1) and the activity of praying (F31,
performance) that took place in the church of Asinou.

Figure 8 shows that the performance use a spe-
cific prayer (“Anastasia, great remedy to the faithful,
dissolving every poison”; Carr & Nicolaides, 2012) to
invoke the character of St. Anastasia. The invocation
is directed throughout the IC9 (the panel) that depict
the character of St. Anastasia, which is pictured with
attribute (the cross) referring to healing properties.
With such type of documentation, the performance is
finally documented throughout the link with the wall
painting, and with a specific architectural heritage, and
not as a single unit, moreover, successfully associating
the concept of healing with the praying towards a cer-
tain saint.

Conclusion

The above analysis showed the richness in information
retrievable from a cultural object and, moreover, how it is
possible to use knowledge representation techniques
for combining that information in a semantic system.

The proposed approach allows the description of
visual items using diverse granularities, their intercon-
nection with other objects that share the same symbols
or refers to the same personification.

Moreover, the possible link between the tangible and
intangible elements (object and rituals) on the base of
their sign systems and the relations with a performative
event, open up the possibility to describe a partial view
of the habitus of production and use of the built and
visual heritage.

Limitations

It is important to underline that these are preliminary
results, and more work need to be done in relation of
the interconnection between social communities and
interpretative work, because even if at a descriptive

level the interpretation is actor-based, in reality, the
interpretation is social mediated, and would not make
sense to distinguish between these two levels.
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