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BIM AND GIS INTEGRATION: PLANNING A DIGITAL APPROACH 
TO ARCHAEOLOGICAL SITE MANAGEMENT

1.  Introduction

The Vesuvian area is rich in large archaeological sites of great cultural 
interest 1. The complexity of these sites derives above all from their conside-
rable extension and strong links with the surrounding contemporary urban 
fabric, as well as from the enormous number of documents and data collected 
from the excavation phases to subsequent studies. Areas such as Pompeii, 
Herculaneum, Stabiae, require particularly articulated digital archives, 
capable of containing and managing information at different scales and of 
different interest, ranging from knowledge to maintenance, from security to 
communication.

These world-renowned sites are also notable for featuring a layout that 
is uncommon in archaeology: architectures that are almost entirely preserved 
and complete; the Pompeii Archaeological Park is an outstanding example 
of this configuration. Consequently, to plan maintenance and conservation 
of such an exceptional place, the integration of many large datasets, updated 
constantly and enriched with spatial information is crucial. The success of 
the PRIN competition (Research Projects of National Interest, funded by the 
Italian Ministry of University and Research) in 2022, with the project titled 
‘BIG_SMAART - BIM & GIS for Spatial and Multidimensional Archaeolo-
gical Artefacts and Techniques’, provided the ideal opportunity to develop a 
comprehensive plan to tackle this integration issue. The project’s goal is to 
establish a system that assimilates past digitization and research efforts, with 
the objective of systematizing and utilizing these insights for the future pre-
servation and advancement of the ancient city. The interoperability issue lies 
between different frameworks, applied to the field of archaeology, namely the 
realm of BIM (Building Information Modelling) which deals with information 
at the architectural level and GIS (Geographic Information Systems) which 
deals with spatial information. By studying integration within BIM and GIS 
databases, the project aims to consolidate data types and allow for automatic, 

1  Authorship contribution statement: Olga Rosignoli: writing – review & editing, writing – 
original draft, investigation; Giovanni Angrisani: writing – review & editing, writing – original draft, 
investigation; Dora D’Auria: writing – original draft, investigation; Angela Bosco: conceptualization, 
writing – review & editing, investigation, visualization, supervision, project administration, funding 
acquisition; Valeria Cera: conceptualization, writing – review & editing, investigation, visualiza-
tion, supervision, project administration, funding acquisition; Luigi Fregonese: conceptualization, 
writing – review & editing, investigation, visualization, supervision, project administration, funding 
acquisition; Simona Scandurra: supervision. 
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semantically consistent data extraction, supporting better decision-making in 
cultural heritage management.

As part of the Great Pompeii Project (GPP), in 2015, the Archaeological 
Park of Pompeii started the creation of a huge computer archive for the syste-
matic and continuous monitoring of the site: ‘The Knowledge Plan’ (‘Piano 
della Conoscenza’). The ‘Piano’ represents an innovative approach to the 
conservation of cultural heritage, as it provides on one hand the survey of the 
materials and the state of deterioration of the structures, and on the other hand 
an articulated system of collection, archival and management of any further 
essential data for the understanding of the archaeological heritage, monitoring 
the evolution of its conservation status and evaluating the sustainability and 
safety of maintenance plans. This heterogeneous information (identification 
and consistency of materials, surveys, studies, results of analysis, archival 
documentation, previous interventions, etc.) are collected in a webGIS (for 
internal staff usage). Then, the documentation is integrated with surveys car-
ried out with laser-scanning and photogrammetric methodologies. However, 
the structuring of the data is not regulated according to predefined logics 
since shared and internationally validated rules are lacking. Furthermore, the 
three-dimensional surveys remain dissociated – clearly identified as of great 
utility – but lacking a coherent cataloguing and not connected with the rest 
of the documentary corpus.

2.  Method

2.1  The state of the art in BIM and GIS integration

The BIG-SMAART research initiative is firmly grounded in the existing 
literature on built-asset digitization and archaeological management fields, 
in which all partners possess extensive experience. To establish a successful 
foundation for data integration solutions, a comprehensive and meticulous 
analysis of the formats and standards available for data exchange in the con-
struction industry, particularly through BIM and GIS technologies, was con-
ducted. To ensure full accessibility (a critical issue in cultural heritage projects 
where resources are knowingly limited) the focus remained on open format 
standards (D’Andrea, Forte 2020; Diara 2020): IFC (BuildingSMART 
2024) and CityGML (Open Geospatial Consortium Inc. 2021) are the 
dominant standards in their respective fields of building and geospatial data 
exchange (Tan et al. 2023). The study started from taking into consideration 
the most widespread technologies available into the domain of archaeological 
planning and conservation: BIM and GIS. Individually they demonstrated to 
be effective tools for overall asset management (Garramone et al. 2022); their 
integration – object of many studies (Dore, Murphy 2012; Colucci et al. 
2020; Clemen 2022; Pedò et al. 2023) in different domains — promises to 
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be even more beneficial. In this study, the semantic correspondence between 
the two worlds is investigated at the schema level integration – between data 
schemas – of these globally approved standards. Next sections present an 
in-depth analysis of both selected schemas.

2.2  Interoperability exchange open formats: IFC

The BIM approach has been understood, for several years now, as a 
methodological protocol with a broad cognitive and application spectrum 
within the AEC (Architecture Engineering Construction) sector. The need 
to direct the construction chain towards a process that is as controlled and 
functional as possible (thanks also to the national and European regulatory 
and legislative trend aimed at greater production efficiency and social well-
being) has led public and private actors to implement and adopt this process 
as a fundamental requirement for the design and construction of works and 
artefacts.

From an epistemological point of view, BIM is an object-oriented mo-
delling technique. By oriented objects, or rather object-oriented modeling 
system, we mean an expression of knowledge in the most complete way: as 
a geometric model and as alpha-numeric informative content. This system 
does not work by drawing graphic primitives (line, parallelepiped, prism, 
etc.), but it works directly with and on the object itself (e.g. wall, door, win-
dow, etc.). It is readable by the computational resource and, being oriented, 
already has within itself the set of data and attributes of which the element 
is composed (existing artefact) or would contain (new construction) in qua-
litative and quantitative terms. Integrity of the geometric, constructive and 
geospatial attributes that are associated with modeling in a BIM environment 
are guaranteed in their interoperability by buildingSMART, the international 
non-profit organization that manages the transformation of digital flows in 
the construction sector.

IFC (Industry Foundation Classes) represents the most used standard 
for data exchange and interoperability between BIM information platforms 
(Zadeh et al. 2019). Specifically, IFC is expressed in its dual nature of sche-
me and file format. As a scheme it translates into an organizational logic the 
identity and semantics of objects according to unique identification codes 
and functions, the attributes and parameters associated with them, and the 
relationships between objects themselves, between concepts and actors in-
volved in the information process. Furthermore, it can define and catalogue 
the physical elements of the models, architectural rather than structural or 
mechanical-system products, manage abstractions useful for structural, energy 
analysis, cost calculation, timetables and maintenance.

As a file format, however, IFC is configured as an open, non-proprie-
tary and internationally standardized format currently updated to the ISO 
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16739-1:2024 version. In IT friendly terms, the IFC file derives from the 
formulation of the concept of ‘schema’ according to the parent-child rela-
tionship, i.e. a root structure whereby all entities are organized hierarchically.

2.3  Interoperability exchange open formats: CityGML

GIS refers to digital systems used for storing, analyzing, and presenting 
georeferenced data. Historically, GIS systems used to deal with two-dimen-
sional spatial data; nowadays, the latest applications include the possible 
description of entities in three-dimensional version. The three-dimensional 
representations available are those general to the digital drafting world: sur-
face, multi-surfaces and solids (volumes). By allowing integrating different 
spatial data sources, GIS allows information, whether 3D or 2D, to be placed 
in its correct spatial context, enabling a more complex and detailed interpre-
tation of discoveries, which is the main reason why GIS technology is gaining 
momentum in digitization archaeological studies (Dell’Unto, Landeschi 
2022). Similarly to BIM, the nature of GIS is twofold, and combines a geo-
metric information layer and a semantic information layer; the two domains 
are then crossed by the relations defined by the selected modelling language 
(Tan et al. 2023).

Therefore GIS systems are also, at their core, information exchange sy-
stems. They dialogue exchanging data and files written in different agreed-upon 
standards and languages. The authority responsible of certifying the approved 
standards, in this case, is the Open Geospatial Consortium (OGC). Over the 
years, many formats have been drafted and approved by the Consortium: 
the specifications for each standard are available (and constantly updated) at 
the OGC webpage. Out of the extensive list, the most popular format used 
in academic literature and commercial projects is currently CityGML (City 
Geography Markup Language), mainly because of its capability in handling 
3D data, in combination with BIM, and its extensive semantic definition, more 
complete compared to the others. The standard is at its Version 3.0 release 
(OGC, 2021), in September 2021. CityGML representations are classified 
into 0 to 3 LODs (Level of Details) for the city objects (Fig. 1) Additionally, 
as in with IFC, CityGML is both a semantic model (specified by a formal data 
model) and an exchange format for virtual 3D environments (Kolbe 2009).

Before version 3.0, geometries depended strictly on the semantics (e.g. 
openings were represented only in the more detailed classes); afterwards, 
every concept became representable in multiple and LODs. However, a fun-
damental difference characterizes the representation of city objects in GML3 
compared to IFC: as shown in Fig. 1, in the standard, architectural elements 
are deconstructed in surfaces, contrary to solids. This is a problem for the 
archeological needs of the excavation sites, where the experts (to the project) 
specify the need for a class ‘wall’ in addition to the ‘wall cladding’.
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2.4  The integration

CityGML is built on XML language, while IFC is based on the STEP 
one. This fundamental difference entails a difficulty in mapping between them: 
data from BIM and GIS cannot be simply mapped 1:1 to each other because of 
the different domains (Schilling, Clemen 2022) from which they originate, 
and the semantic differences explained above. To date, three proven methods 
have been identified for integrating the BIM or GIS native datasets (Tan et al. 
2023); respectively, the data can be mapped from BIM to GIS environment 
(in terms of standards, from IFC to GML), from GIS to BIM (GML to IFC), 
or that the two initial BIM and GIS datasets are both mapped to a third 
schema. Loss of data and of semantic information is common to all methods.

Recent research demonstrates that the BIM-to-GIS workflow is less pro-
blematic (Tan et al. 2023), especially if the goal is a highly detailed model. 
However, before starting with experimenting BIM to GIS mapping solutions, 
making a hasty choice, capable of influencing downstream the quality, the 
decision was made to analyse in detail the evident shortcomings of the two 
standards in comparison to Vesuvian archaeology, to clearly understand 
their individual semantic capability. The data coming from the ‘Piano della 
Conoscenza’ combined with the expertise of researchers involved – produced 
a taxonomy for Vesuvian architectural and archaeological features available 
in the area, that was used for comparing the standards applied onto reality. 
The comparison was performed to get a quantitative appraisal of the seman-
tic completeness obtainable for both schemas; interestingly, although the 
inadequacy of standard schemas for archaeological artifacts is often stated, 
such a quantitative analysis on an available large asset is not yet present. 
More generically, the test wants to help answer the main research question 
guiding the experiment: how the data schemas for the two solutions are apt 
for describing Vesuvian architecture.

3.  Materials and methods

The case study chosen for process experimentation is the Pompeii Ar-
chaeological Park. The work began with the creation of the catalogue of 

Fig. 1 – LODs in cityGML, reprised from (OGC 2021).
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the archaeological building entities, started from the census and listing of 
building techniques and materials, used in the construction and renovations 
of the assets. This census was carried out through an analysis conducted on 
site and on published literature of Republican and high-imperial Roman ages 
(Ginouvés, Martin 1985, 1992, 1998). The results were incorporated in a 
list of all the elements that are part of the architectural complex.

Following Pompeii’s archaeological evidence, the constituent elements 
of the archaeological built environment were first subdivided according to 
three macro categories corresponding to the disciplines, namely structural, 
architectural and installations. Afterwards, groups of elements sharing the 
same formal and functional characteristics were distinguished. The definition 
of the building techniques and materials which can be used in the construction 
of the element has been considered as a parameter for type identification. 
Fig. 2 and the associated Tab.1 shows three elements and their classification 
according to these choices.

According to this classification a wall constructed in ‘opera incerta’ will 
differ from a wall in ‘opera vittata mista’. At the same time, a wall in ‘opera 
vittata mista’ constituted with brickworks and grey tuff, is another record 
than a wall in ‘opera vittata mista’ constituted by brickworks and limestone, 
and so on.

Fig. 2 – Examples of analysed objects: a wall, a quoin and a door opening.

Object Category Construction Technique Materials
i Wall ‘Opera Incerta’ Limestone, Cruma and Lava
ii Quoin ‘Opera Vittata Mista’ Limestone and Brickwork
iii Door Opening Blocks Limestone

Tab. 1 – Three archaeological elements classified by the three criteria: category, construction 
techniques and materials.
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A total of 175 records corresponding to element typologies has been 
drafted so far. Some extremely specific elements, such as shrines and sacra-
rium were excluded from this step. The definition of the types is based on a 
reconnaissance of both archaeological evidence and published sources (Car-
pentiero, D’Auria 2023). After having proceeded with the formulation of 
the results of this research as a branched structure of archaeological entities 
of the Roman world, we proceeded to reconstruct the meaningful branches 
of the IFC schema significant to the highlighted archaeological concepts and 
analysed their attributes and relationships following the logic described above. 
Same operation was performed over the CityGML conceptual schema and 
its various thematic modules.

3.1  Focus on IFC classes and relations

It is important to consider that the IFC logic is based on three concepts 
that represent its structure. They are defined as:
– IfcObjectDefinition: entities, objects.
– IfcRelationship: relationships between entities.
– IfcPropertyDefinition: entity properties.

IfcObjectDefinition, in turn, branches into other subcategories: IfcActor 
(actors active in the project), IfcControl (time control), IfcGroup (groups 
of objects), IfcProcess (processes and activities), IfcResource (use of limited 
resources) and IfcProduct (presence of construction elements in space). It 
is IfcProduct itself that represents the logical set of concepts such as spatial 
location and the definition of physical element valid for all existing entities: 
walls, floors, pillars, doors, windows, etc. From the definition of IfcProduct, 
therefore physical element, we proceeded to identify a translation from 
archaeological entities to IFC entities from the definitions of buildingSMART, 
attributing the parameters of construction technique and materials, and 
trying to keep intact the relationship data between the objects. Regarding the 
connections between the parts, has been considered the abstract relationship 
IfcRelationship, and, in particular, the sub-relationship IfcRelConnect, i.e. a 
connectivity relationship that links entities to each other based on some criteria: 
e.g. a window on a wall. Regarding materials, however, it has been considered 
the concept of IfcPropertyDefinition, a generalization of all the properties 
constituting a given object. This concept is divided into others subordinate 
to it, of which IfcPropertySet represents the main information content. From 
a series of cascading elements, we arrive at the definition of IfcMaterial, that 
is, the concept that expresses the material consistency associated with an 
IfcTypeObject through the abstract relationship IfcRelAssociateMaterial.

In our experiment, the association of semantic relationships relies on the 
concept of Family, the concept of Type, and a library of externally loadable 
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materials with graphic and physico-chemical properties. In the synthetic IFC 
hierarchical tree in Fig. 3, the inheritance and connection of most important 
elements and properties is shown, through the aforementioned relationships, 
showing objects that are represented and broken down into vertically deve-
loping propositions.

The larger mapping extract in Fig. 4 represents the hierarchy of the 
‘wall’ entity starting from the relative nomenclature IfcWall, deriving like all 
the entities from the root node. The sub-entity IfcWallType was associated 
with the ‘opera vittata mista’ construction technique, which was in turn 
broken down into the material sub-entities of brickwork and limestone. 
The abstract connectivity relationship IfcRelAssociateMaterial links the 
IfcPropertySet property compartment to the materials, while the IfcRel-
Connect connection allows the connection of the Wall to another element 
such as IfcDoor.

Since a wall in ‘opera vittata mista’ (Fig. 4) presents a compound 
mixture of materials (as it is the case for many of the wall ‘operas’ of Roman 
architecture) not subdivided in section layers, in our example, the material 
definition has to go through another entity, the ‘ifcMaterialConstituentSet’, 
which collects both of the components of the opera, ‘ifcMaterialConsti-
tuents’: brickworks and limestone. This passage increases the complexity 
of the model: not all BIM authoring software can export IFC at this level 
of detail, therefore, some editing of data with appropriate capacities has 
to be utilized to manage the IFC exported file. However, the compound 
mixtures are essential to Roman architecture and have to be represented as 
such, exploiting the right IFC entity.

Fig. 3 – IFC synthetic scheme tree diagram.
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Fig. 4 – IFC mapping extract: ‘wall’ entity (‘opera vittata mista’) in relation with the ‘door’ entity.

3.2  Focus on CityGML classes and relations

Compared to IFC, CityGML surely is less complex in terms of hie-
rarchies but is more stratified, with a number of interconnecting thematic 
modules that range from the most generic item of a city model (the very 
abstract ‘AnyFeature’ in the Fig. 5 to elements like Door or Window in the 
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lowest levels. Relationships representation is also less articulate: as shown in 
the schema, the only option available is the CityObjectRelation connected to 
the AbstractCityObject Feature, upstream of all the more tangible concepts 
of built environment (walls, door, windows, tunnels) that follow under. To 
further specify the type of relation, a RelationTypeValue, chosen by the drafter 
through a previously prepared codelist (more about codelists is explained in 
the paragraphs to follow), can be eventually selected.

Relationships like those between an object and material (‘X3D Mate-
rial’) are more visualization-focused in CityGML, inherited from upstream 
definitions of AbstractCityObject. It is also notable that information about 
materials and textures are connected to the visualization and apperance of 
the model and there is no possibility of connecting more than one material to 
a single element. A possible roundabout to this problem (using what already 
available in the schema) is the use of custom-made metadata in the form of 
‘AbstractGenericAttributes’, created on purpose. A wall Entity in cityGML 
is natively a two-dimensional surface object, and elements such as building 
doors and windows, also two-dimensional void elements related to the initial 
surface, lacking the literal depth needed for describing archaeological 3D en-
tities. Using a generic wall as an example, we therefore have a full diagram of 

Fig. 5 – CityGML synthetic scheme tree diagram.
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Fig. 6 – CityGML extract, example of a wall and the connected window surface.
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the object (WallSurface) and a related window, as in Fig. 6, and the Material 
parameters upstream.

3.3  Mapping BIM and GIS classes

At the core of this experiment is the search for valid semantic classes 
and concepts -the main ingredient of a representation model – within the 
already published standards – for Vesuvian architecture. For instance, the 
‘wall’ entity in archaeology maps to IfcWall in IFC (Fig. 7), with construction 
technique attributes defined by ifcWallType and material attributes linked 
via ifcRelAssociateMaterial. Meanwhile, in CityGML, the ‘wall’ concepts 
exist only as a surface entity (‘WallSurface’ and ‘InteriorWallSurface’), posing 
semantic challenges as it lacks a solid ‘volumetric’ definition. The focus of 
the analysis were classes definitions since, as described before, the attributes 
and relations strictly depend on them, influencing the entire representation 
model. The analysis proceeded with the search for the possibility of creating 
types and variations of the main class definition (‘types’), and additionally the 
possibility of describing the material associated (‘material’). ‘Class’, ‘type’ and 
‘materials’ therefore compose the three topics of the mapping effort between 
the archaeological specifications and the published standards as they are (an 
example in Tab. 2).

Fig. 7 – Wall representation in IFC.
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3.4  The class correspondence matrix

To render the study as quantitative as possible, the semantic mappings 
were given some values: a perfect semantic correspondence (from archaeolo-
gical evidence to standard) is 100%. To determine the shortcomings, a corre-
spondence matrix was developed to measure alignment across archaeological, 
IFC, and CityGML semantic trees. This matrix prioritizes a ‘class’ definition 
up to 50% of the matching score (for a full match), a ‘type’ definition up to 
25%, and a ‘material’ specification for the class up to 25%. Full alignment 
(100%) is rare, with varying degrees of correspondence; for instance, the IFC 
wall entity aligns well, while CityGML provides low compatibility.

4.  Discussion and results

The discussion now follows with the description of the most relevant 
discoveries emerged during the comparison of the IFC 4.3 ADD2 data schema 
and the CityGML 3.0 Conceptual Model Standard against the archaeologi-
cal entities list developed in the preliminary phases. As expected, walls and 
wall types make up most of the archaeological site of Pompeii, and solving 
their correspondences would solve many semantic issues. The numerous wall 
classes are distinguished by, as stated above, their technology and materials.

Following these criteria there happen to form fifteen wall classes in the 
archaeological entities list. Against the IFC schema, each one corresponds to 
the ‘IfcWall’ Class and can be declined in its own ‘IfcWallType’. Then, the 
‘IfcMaterial’ is used to specify the material (or materials) involved in the wall 
class composition. The correspondence achieved is 100%. CityGML 3.0 is 
less easy to map: a first semantic issue is that in the data schema the wall 
concept is not present, favouring the WallSurface and InteriorWallSurface 
concepts instead; these last two concepts, however fit better, in comparison, 
to the archaeological classes ‘wall cladding decoration’ and ‘wall cladding 
preparation’, thus were discarded for the solid wall.

The closest representation of the wall, in terms of the whole element 
in the approved schema, is consequentially the cityGML class BuildingCon-
structiveElement above, which is evidently vague in its semantic description. 
However, the CityGML standard is more flexible than the IFC one in the 
possibility of personalization mechanisms: namely ‘codelists’, enumerations 

Object Category Construction Technique Materials
Wall in ‘Opera Vittata Mista’ Limestone and Brickwork
ifcWall ifcWallType ifcMaterialConstituentSet

Tab. 2 – Correspondence between the classified element and IFC selected entities.
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of custom-defined concepts to be applied to approved classes (in this case 
BuildingConstructiveElement) allowed by the schema specifications. Codelists 
have three declinations: a fixed list defined in the model definition (‘enumera-
tion’), a pattern defining which of all possible strings are valid (‘restriction’) 
and an external source, pointed to by a URI, and whose authority must be 
depended on for the validity of its values. Evidently, the more external a 
codelist is structured, the less interoperable the model becomes.

To further specify the wall concept, for example, we chose to use, in 
this case an enumeration codelist (the BuildingConstructiveElementClassVa-
lue ‘CodeList’) specified in the CityGML schema and thus adapt to be used 
directly. But the value ‘1000’ given through the codelist (already a stretch, 
in the context of the schema) only specifies the first requirement of the ma-
trix (the element class ‘wall’) and gives no further possibility to distinguish 
between ‘opera’ or construction technique. To achieve this, the mechanism 
of the ‘genericAttribute’ has to be implemented, in the shape of a parameter 
that acts as metadata attached to the model. Although doable, this non-
predefined parameter cannot rely on standard, universally accepted values 
and may lack interoperability with other systems unless they are explicitly 
defined and documented for specific use cases.

Fig. 8 – Wall representation in CityGML.
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Tab. 3 – Correspondence values between archaeological walls and IFC classes.

IFC
Class IFC % Type % Material Corresp

WALL Max value: 50% 25% 25% 100%
Wall OperaIncer-
ta_Limestone

IfcWall 50% IfcWallType 25% ifcMaterial 25% 100%

Wall OperaIncer-
ta_LimestoneLava-
Cruma

IfcWall 50% IfcWallType 25%
ifcMaterial-
ConstituentSet

25% 100%

Wall OperaQuadra-
ta_Limestone

IfcWall 50% IfcWallType 25% ifcMaterial 25% 100%

CityGML
class CityGML % type % Material % TOT%

WALL Max value: 50% 25% 25% 100%

Wall Oper-
aIncerta_
Limestone

bldg:Build-
ingConstruc-
tiveElement-
Class#wall

25%
genericAttri-
bute(type)=1004

10% X3DMaterial 10% 45%

Wall 
OperaIn-
certa_Lime-
stoneLava-
Cruma

bldg:Build-
ingConstruc-
tiveElement-
Class#wall

25%
genericAttri-
bute(type)=1003

10% X3DMaterial 0% 35%

Wall Oper-
aQuadrata_
Limestone

bldg:Build-
ingConstruc-
tiveElement-
Class#wall

25%
genericAttri-
bute(type)=1006

10% X3DMaterial 10% 45%

Tab. 4 – Correspondence values between archaeological walls and CityGML classes.

Another issue arises now that the wall has become a more generic 
‘BuildingConstructiveElementClass’, the issue of its relationship with the 
entity for the solid (not bidimensional) Door class (con:Door). At this point 
the relationship to use has to be the very generic an hierarchically upstream 
(core:RelatedTo), and the annexed ‘xlink’ mechanism to refer to other objects 
is the same GML file. Fig. 8 illustrates this solution.

In conclusion, in contrast to the IFC schema, it is evident that cityGML 
is, in its original state, less semantically descriptive for the wall concept, but 
also more customizable. Tabs. 3 and 4 illustrate the mapping process and 
the method conducted for other elements specified in the archaeological tree. 
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Tab. 5 – Correspondence values between archaeological pillar and the CityGML ‘column’ class 
from the GeoBIM ADE.

CityGML
class CityGML % type % Material % TOT%

COLUMN Max value: 50% 25% 25% 100%
Pillar
Operavittatamis-
ta_Brickwork-
sLimestoneblocks-
Greytuffblocks

geobim:Column 50%
generi-
cAttri-
bute=7001

10%
X3DMate-
rial:

0% 60%

As cityGML does not allow multiple material association, the value 0% is 
assigned, in the matrix, to all objects not constituted by a single material.

The process was iterated over all the elements in the Archaeological 
Semantic Tree, where each class presented similar conundrums and decisions 
to take. Whilst IFC was used integrally and with no modifications, CityGML 
was integrated with the ADE ‘GeoBIM’ (De Laat, Van Berlo 2011), an 
extension module already approved by the geospatial community, that in-
clude BIM concepts to facilitate the mapping between the two standards. It 
is important to note that, while recognized and important, the ADE is not 
aligned to the version 3 of the standard yet. Tab. 5 illustrate an example of 
class taken from the ADE.

We note that a possible inclusion of the ‘wall’ concept (as a solid element, 
instead of a surface) in the GeoBIM ADE would solve the complexity of the 
codelist mechanism, illustrated above, and should be considered. What emer-
ged from this experience is, in fact, the archaeological necessity of having a 
separation between the wall intended as a core element and additionally the 
finishing surfaces. The lack of clearly defined building installations classes of 
cityGML (Zadeh et al. 2019), despite its other advantages, made pointless 
its comparison to IFC: in this field, the buildingSMART standard is definitely 
more adapt.

5.  Conclusions

The analysis ended with the percentage values illustrated in Fig. 9 
through histograms: each column represents a class and its closeness to the 
full correspondence to the Archaeological Semantic Tree. They detract from 
the semantic validity of the concepts over-simplifications, concepts that do 
not perfectly correspond to archaeology, overly general descriptions, opina-
ble semantic choices (e.g. in the analysis, a threshold is considered first and 
foremost a door entity). The personalization of CityGML expand its use but 
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Fig. 9 – Final results of the analysis.

also hinder its overall comprehension and possibly complicate query mecha-
nisms. The graph therefore shows that however rigid and complex, IFC better 
describes the features of Vesuvian republican Roman architecture.

6.  Current and future works

The current findings highlight the limitations of IFC and CityGML in 
capturing the material-structural nuances of archaeological sites, necessita-
ting further refinement or possible new standards for seamless integration. 
Although what was discovered in the experimental phases favours the instru-
mental value of IFC over cityGML; it is also true that CityGML offers more 
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personalization mechanism which could significantly improve the semantic 
correspondences. In future developments, this possibility should surely be 
investigated through the development of a ADE, similar to the GeoBIM one, 
specific to Vesuvian Architecture, as done in (Iñaki Prieto et al. 2012; Costa-
magna, Spanò 2013). The ADE would solve the codelist verbose mechanism 
by creating all the specific classes necessary to the archaeological practice on 
these assets and the consequent related attributes. Lastly, the mapping analysis 
must be carried onto other knowledge structures and taxonomies typical of 
the cultural heritage sector.

Olga Rosignoli, Luigi Fregonese
Politecnico di Milano

olga.rosignoli@polimi.it, luigi.fregonese@polimi.it

Giovanni Angrisani, Valeria Cera, Simona Scandurra
Universita’ degli Studi di Napoli “Federico II”

giovanni.angrisani2@unina.it, valeria.cera@unina.it, simona.scandurra@unina.it

Dora D’Auria
Université Marie et Louis Pasteur - ISTA (UR 4011)

doradauria@yahoo.fr

Angela Bosco
Università di Napoli L’Orientale

abosco@unior.it

Acknowledgements
The authors acknowledge financial support under the National Recovery and Resi-
lience Plan (NRRP), Mission 4, Component 2, Investment 1.1, Call for tender No. 
104 published on 2.2.2022 by the Italian Ministry of University and Research (MUR), 
funded by the European Union-NextGenerationEU-Project Title ‘BIG_SMAART 
- BIM & GIS for Spatial and Multidimensional Archaeological Artefacts and Tech-
niques’ - CUP C53D23001900001- Grant Assignment Decree No. 961 adopted on 
30/06/2023 by the Italian Ministry of University and Research (MUR). The authors 
would like to thank the Archaeological Park of Pompeii in the person of Director 
Gabriel Zuchtriegel and arch. Raffaele Martinelli for their support and the opportu-
nity to work on this case study.

REFERENCES

BuildingSMART Alliance 2024, Industry Foundation Classes Release 4.3 ADD2 (IFC 4.3 
ADD2) (https://standards.buildingsmart.org).

Carpentiero L., D’Auria D. 2023, Operative tools for BIM in archaeology: Libraries of 
archaeological parametric IFC objects, in J. Bogdani, S. Costa (eds.), ArcheoFOSS 
2022. Proceedings of the 16th International Conference on Open Software, Hardware, 
Processes, Data and Formats in Archaeological Research (Rome 2022), «Archeologia 
e Calcolatori», 34.1, 69-76 (https://doi.org/10.19282/ac.34.1.2023.08).

mailto:olga.rosignoli@polimi.it
mailto:luigi.fregonese@polimi.it
mailto:giovanni.angrisani2@unina.it
mailto:valeria.cera@unina.it
mailto:simona.scandurra@unina.it
mailto:doradauria@yahoo.fr
mailto:abosco@unior.it
https://standards.buildingsmart.org
https://doi.org/10.19282/ac.34.1.2023.08


189

BIM and GIS integration: planning a digital approach to archaeological site management

Clemen C. 2022, Trends in BIM and GIS standardization. Report from the joint ISO/TC59/
SC13-ISO/TC211 WG: GIS-BIM, «The International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences», XLVI-5/W1, 51-58 (https://doi.
org/10.5194/isprs-archives-XLVI-5-W1-2022-51-2022).

Colucci E., De Ruvo V., Lingua A., Matrone F., Rizzo G. 2020, HBIM-GIS integration: 
From IFC to CityGML standard for damaged Cultural Heritage in a multiscale 3D GIS, 
«Applied Sciences», 10, 4, 1356 (https://doi.org/10.3390/app10041356).

Costamagna E., Spanò A. 2013, CityGML for Architectural Heritage, «Lecture Notes in 
Geoinformation and Cartography: Developments in Multidimensional Spatial Data 
Models», 219-237 (https://doi.org/10.1007/978-3-642-36379-5_14).

D’Andrea A., Forte F. 2020, Analysis and comparison of open and non-open spatial formats for 
archaeological research, in J. Bogdani, R. Montalbano, P. Rosati (eds.), Proceedings of 
the ArcheoFOSS 14th International Conference (2020), Oxford, Archaeopress, 148-157.

Dell’Unto N., Landeschi G. 2022, Archaeological 3D GIS, London-New York,Taylor&Francis.
Diara F. 2020, IFC classification for FOSS HBIM: Open issues and a schema proposal for 

Cultural Heritage assets, «Applied Sciences», 10, 23, 8320 (https://doi.org/10.3390/
app10238320).

Dore C., Murphy M. 2012, Integration of Historic Building Information Modeling (HBIM) 
and 3D GIS for recording and managing Cultural Heritage sites, in Proceedings of the 
18th International Conference on Virtual Systems and Multimedia, IEEE (Milan 2012), 
369-376 (https://doi: 10.1109/VSMM.2012.6365947).

Garramone M., Tonelli E., Scaioni M. 2022, A multi-scale BIM/GIS framework for railways 
asset management, «The International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences», XLVI-5/W1, 95-102 (https://doi.org/10.5194/isprs-
archives-XLVI-5-W1-2022-95-2022).

Ginouvés R., Martin R. (eds.) 1985, 1992, 1998, Dictionnaire méthodique de l’architecture 
grecque et romaine, I-III, Athens-Rome, Scuola Tipografica San Pio X.

Iñaki Prieto J.L., Izkara F.J., Hoyo D. 2012, Efficient visualization of the geometric informa-
tion of CityGML: Application for the documentation of built heritage, «Lecture Notes 
in Computer Science», 7333, 529-544 (https://doi.org/10.1007/978-3-642-31125-3_40).

Kolbe T.H. 2009, Representing and exchanging 3D city models with CityGML, in J. Lee, 
S. Zlatanova (eds.), 3D Geo-Information Sciences. Lecture Notes in Geoinformation 
and Cartography, Berlin-Heidelberg, Springer, 15-31 (https://doi.org/10.1007/978-3-
540-87395-2_2).

de Laat R., van Berlo L. 2011, Integration of BIM and GIS: The development of the 
CityGML GeoBIM extension, in T. Kolbe, G. König, C. Nagel, Advances in 3D 
Geo-Information Sciences. Lecture Notes in Geoinformation and Cartography, Berlin-
Heidelberger, Springer (https://doi.org/10.1007/978-3-642-12670-3_13).

Open Geospatial Consortium Inc. 2021, OpenGIS® City Geography Markup Language 
(CityGML) Conceptual Model, Berlin (http://www.opengeospatial.org).

Pedò B., Tezel A., Goethals D., Koskela L., Leaver M., Victory A., Vrabie E., Bocian 
E. 2023, BIM and GIS integration: Lessons learned from multiple case, in M. Kassem, 
C.L. Tagliabue, R. Amor, M. Sreckovic, A. Chassiakos (eds.), Proceedings of the 
European Conference on Computing in Construction and 40th International CIB W78 
Conference, 4 (Heraklion 2023), «Computing in Construction», 4, 248-257.

Schilling S., Clemen C. 2022, Practical examples on BIM-GIS integration based on semantic 
web triplestores, «The International Archives of the Photogrammetry, Remote Sensing 
and Spatial Information Sciences»,  XLVI-5/W1-2022, 211-216 (https://doi.org/10.5194/
isprs-archives-XLVI-5-W1-2022-211-2022).

Tan Y., Liang Y., Zhu J. 2023, CityGML in the integration of BIM and the GIS: Challenges and 
opportunities, «Buildings», 13, 1758, 22 (https://doi.org/10.3390/buildings13071758).

Zadeh P.A., Wei L., Dee A., Pottinger R., Staub-French S. 2019, BIM-CITYGML data integra-
tion for modern urban challenges, «ITcon», 24, 318-340 (https://www.itcon.org/2019/17).

https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-51-2022
https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-51-2022
https://doi.org/10.3390/app10041356
https://doi.org/10.1007/978-3-642-36379-5_14
https://doi.org/10.3390/app10238320
https://doi.org/10.3390/app10238320
https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-95-2022
https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-95-2022
https://doi.org/10.1007/978-3-642-31125-3_40
https://doi.org/10.1007/978-3-540-87395-2_2
https://doi.org/10.1007/978-3-540-87395-2_2
https://doi.org/10.1007/978-3-642-12670-3_13
http://www.opengeospatial.org
https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-211-2022
https://doi.org/10.5194/isprs-archives-XLVI-5-W1-2022-211-2022
https://doi.org/10.3390/buildings13071758
https://www.itcon.org/2019/17


190

O. Rosignoli, L. Fregonese, G. Angrisani, V. Cera, S. Scandurra, D. D’Auria, A. Bosco

ABSTRACT

The Pompeii Archaeological Park is an exceptional example of archaeology where 
architectural features have been almost totally preserved, in the context of an archaeologi-
cal excavation. Because of this unique site, a digital management tool constructed upon 
the planned conservation needs, requires both the features of a BIM (Building Information 
Modelling) and a GIS (Geographic Information System). This article presents the first steps 
taken towards the design of such system, where the latest research in the integration of the 
two technological domains takes into consideration the requirements  from the archeologists 
that will use the system. In particular, semantic mappings between entity classes are explained: 
the data schemas compared are the open format standards for BIM and GIS, namely IFC and 
CityGML, against a dedicated taxonomy created specifically for this research on the features 
of Vesuvian architecture.
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