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THE INCEPTION PROJECT

The project “INCEPTION - Inclusive Cultural Heritage in Europe through 3D
semantic modelling”, submitted for the Work Programme Europe in a changing
world – inclusive, innovative and reflective Societies (Call - Reflective Societies:
Cultural Heritage and European Identities, Reflective-7-2014, Advanced 3D
modelling for accessing and understanding European cultural assets) has been
selected to be funded by the European Commission, ranking first among 90
proposals.
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One of the main challenges in 3D
modelling is related to an effective
BIM approach for cultural heritage
knowledge, semantic enrichment
and model management.

The ongoing EU funded INCEPTION
project proposes an improvement
in this methodology by recognising
that buildings are a set of
elements, organized by spatial
relationships determined by an
architectural style.

THE INCEPTION PROJECT
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Action 1 | Common framework 
for cataloguing methodology

Action 2 | Integrated data capturing

Action 3 | Semantic Modelling for CH buildings

Action 4 | Development of the INCEPTION 
platform

Action 5| Deployment and Valorization

CONCEPT AND METHODOLOGY
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OPTIMIZED DATA ACQUISITION PROTOCOL 

Main challenges in 3D documentation of complex Heritage architectures 
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1. Scan Plan
2. Health and safety
3. Resolution Requirements
4. Registration mode

The survey workflow was split into 8 main steps that define specific requirements and 
their related activity indicators: 

5. Control network
6. Quality control 
7. Data control and verification
8. Data storage and archive
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EVALUATION CATEGORIES

B: for very simple buildings or 
for the creation of low-detailed 
BIM model for digital 
reconstruction aimed at VR, AR 
and visualization purposes. 

A: metric and morphological 
values, survey preliminary 
scheduled and designed. 

A+: suitable for preservation 
purposes and restoration 
projects.

A++: suitable for very complex
buildings where the capturing 
process need to be 
documented and traced.



CAPTURED DATA ANALYSIS

Architectural (BIM)

The survey is aimed at analyzing internal and external geometrical structures of a CH building in order to realize traditional two-dimensional drawings 
(plans, elevations, sections) or three-dimensional BIM models to investigate the shape and morphology; the main aim is to achieve a useful 
documentation to be used for architectural design and maintenance planning. The surveyor’s attention will mainly focus on shapes as well as on 
decorative elements. Scale factors normally are 1: 100 to 1:50. For architectural details 1:10 and 1:5 scales are used.

Structural

The survey consists of a series of metrical and morphological investigations in relation to the external geometry of structures that compose the complex 
(as well as their construction phases) and the construction details in order to obtain a project documentation useful for structural analysis. Particular 
attention is given to the survey of deformations, lesions, misalignments, types of masonry and any other information concerning the behaviour of the 
building. It does not bring special attention to the decorations or the like that are often not surveyed. Scale factors normally are 1: 100, 1: 50 and 1:20.

Plants-Safety  

The engineering plant survey is aimed at the production of functional diagrams and technical data related to plants under investigation. The building 
geometry and morphology is not really important while the characteristics and attributes of plants are of primary importance. Scale factors normally are 
1:200 or 1:100.

Construction technologies

The survey consists of a series of metrical and morphological investigations relatively to structural and technological details in order to obtain a technical 
project documentation. The morphological geometric survey is integrated with other specialized techniques such as thermography, thermal-flow survey, 
Blower Door tests, etc. Scale factors normally range from 1:20 to 1: 5.

Conservation

The survey is aimed at analyzing the internal and external geometrical structures of the CH building for the construction of traditional two-dimensional 
drawings (plans, elevations, sections) or three-dimensional BIM models to investigate the object in order to obtain a useful documentation purposes a 
restoration project.

Based on a metrical survey, the conservation survey is used to investigate surfaces and their materials, as well as state of conservation, integrating also 
photographic surveys (i.e.: orthophoto) for diagnostic mapping. Scale factors typically are 1:50 and 1:20 (for diagnostic mapping).

The Conservation survey can be considered as an upgrade of the Architectural survey, where the metrical part is integrated with other techniques such as 
material analysis, thermography surveys, spectrophotometry, diffractometry, etc. It is often accomplished together with a structural survey.
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Definition of different survey and documentation category 



Documentation

The survey is aimed at analyzing the CH building (internal and external) for the implementation of two-dimensional drawings (plans, elevations, sections) 
or BIM three-dimensional models to investigate the shape and morphology, in order to obtain a documentation on the building and analyze the evolution 
phases of the building.

As for the architectural importance, the focus is on elements that determine the evolution of the CH building, the decorations last but not least archival 
research, the historical development of the neighbourhood, the town planning aspects, etc. Scale factor typically is 1:100.

Energy Management

The survey is aimed at analyzing the CH building in relation to overall energy needs. This is useful to determine, for design purposes, the correct strategies 
of active or passive energy retrofits through a 3D modeling. Characteristics and attributes of the materials (in relation to the thermal behavior) are crucial 
as well as all technical facilities and how they work.

Scale factors typically are 1:200 or 1:100. The morphological and geometric survey is integrated with other specialized techniques such as thermography, 
heat-flow, surveys, Blower Door tests, etc.

Facility Management – Inspection

The survey is aimed at the production of functional diagrams for building maintenance and facilities. The geometry of the CH building is of secondary 
importance, while features, attributes, data sheets relating to the plants (for data maintenance) and plan/elevation diagrams relating to underground 
services of implants placed in the walls floors, are of prime importance. The scales factor are used are typically 1:200 or 1:100.

Reconstruction

The survey is aimed at analyzing the CH building as a whole (internal and / or external) for the implementation of 3D models to simulate the building by 
reconstructing missing parts, damaged and modified ones from the original as a result of anthropic or naturals events, etc.

All documents that provide useful information about the evolution of the building are the main focus, such as projects, photographs, paintings, 
engravings, drawings, historical documents.

Urbanistic and historical development are also of interest in relation to information obtained from the archival research. Scale factors commonly used are 
1:200 or 1:100.
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CAPTURED DATA ANALYSIS

Definition of different survey and documentation category 



Multimedia

The survey is aimed at creating extremely simplified three-dimensional models for media purposes related to virtual or augmented reality and gaming. 
Extremely useful is the photographic technique for the realization of textures to the 3D model. 3D models can be implemented as simple three-
dimensional diagrams where the photographic texture defines the perceptive detail. The scales factor commonly used are 1:200 or 1:100.

Archaeological

The survey is aimed at analyzing the structures of the archaeological site for the construction of traditional two-dimensional drawings (plans, elevations, 
sections) or three-dimensional models to document the state of an on-going excavation or the actual stratigraphy. The survey is used to define shapes 
and morphologies of the archaeological site to obtain a useful documentation for maintenance or research and museum purposes. Based on a metrical 
survey, the conservation survey is used to investigate surfaces and their materials, as well as state of conservation, integrating also photographic surveys 
(i.e.: orthophoto) for stratigraphic analysis or assessments of frescoes, mosaics, etc. Scale factors commonly used are 1: 100 or 1:50 for excavation and 
1:10 or 1:5 for stratigraphic analysis.

Emergency

The survey is aimed at the acquisition of the largest number of information useful to avoid dangers in case of natural events of major importance such as 
earthquakes and floods or man-made, such as fire, vandal events, socio-political, etc. The main problem is related to the security of surveyed buildings as 
well as their accessibility.

This category also includes survey of buildings already compromises where the demolition for security reasons is already scheduled. In these cases it is 
necessary the use of three-dimensional scanners that allow to capture the most of information in the shortest time. For security reason, it is 
recommended the use of instruments with a long-range shooting (<150m). Scale factors should be, if possible, 1: 100 or less.
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Survey Type minimum DAP Class Scale Factor Users Focus*

Structural A+ 1:100/1:50 T,A

Construction technologies A+ 1:20/1:5 T,A

Conservation A+ 1:50/1:20 T,S,A

Architectural BIM A 1:100/1:50** T,S,A

Archaeological A 1:100/1:50** T,S,A,C

Plants-Safety  B 1:200/1:100 T,A

Documentation B 1/100 T,S,C,A

Energy Management B 1:200/1:100 T,A

Facility Management - Inspection B 1:200/1:100 T,A

Reconstruction B 1:200/1:100 C,S,A

Multimedia B 1:200/1:100 C,S,A

Emergency B 1/100 T,A

CAPTURED DATA ANALYSIS

Definition of different survey and documentation category 
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Scale Factor Graphical LOD Tolerance Point cloud resolution

1/200
10 cm 5 cm

2,5 cm

1/100
5 cm 2,5 cm

1,3 cm

1/50
2,5 cm 1,3 cm

0,7 cm

1/20
1 cm

0,5 cm 0,3 cm

1/10
0,5 cm 0,3 cm

0,15 cm

1/5
0,3 cm 0,15 cm

0,1 cm

CAPTURED DATA ANALYSIS

Definition of different survey and documentation category 
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Action 1 | Common framework 
for cataloguing methodology

Action 2 | Integrated data capturing

Action 3 | Semantic Modelling for CH buildings

Action 4 | Development of the INCEPTION 
platform

Action 5| Deployment and Valorization

CONCEPT AND METHODOLOGY
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Lo(M)D (Level of Model Development) = LoD (Level of Detail) + LoI (Level of Information)

And several more definition are already available:

LoD/LoD/LoI/LoG/LoX/MMI/LOIN …….

THE INCEPTION MODELLING APPROACH 



How to apply such equivalence to CH buildings within INCEPTION?
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LoD
Level of Development

LoD
Level of Detail

LoI
Level of Information

= +

THE INCEPTION MODELLING APPROACH 
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+

THE INCEPTION MODELLING APPROACH 
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Final purpose
i.e.: VR, AR,
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The final purpose of the model exploitation leads the choice of the most 
appropriate level of detail of the model. For instance, a VR application needs 
for a more accurate geometrical detail rather than a AR application.

How to apply such equivalence to CH buildings within INCEPTION?

THE INCEPTION MODELLING APPROACH 
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Final purpose
i.e.: VR, AR,

Management, Analysis, etc…

= LoG
Level of Geometry

LoI
Level of Information

+

LoD
Level of Detail

LoOG
Level of Object

Granularity

LoBI
Level of Building

Information

LoHI
Level of Heritage

Information

On the other hand, the object granularity depends on the amount of 
information, either on building features or significances, available or that 
need to be inserted.

How to apply such equivalence to CH buildings within INCEPTION?

THE INCEPTION MODELLING APPROACH 
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Archive 
documentation 

assessment

Traditional 
architectural survey

Point cloud-based 
survey

This approach could be 
useful if intended to be 
applied for digital 
reconstruction of buildings 
that no more exist or for 
historical simulation for 
time-machine purposes.

In this case, the geometrical 
modelling is based on the 
interpretation of drawings.

This approach will be not 
taken into account since it 
represent a survey 
documentation really far 
away from the INCEPTION 
approach.

Anyway, also in this case, the 
geometrical modelling is 
based on the interpretation 
of drawings.

The most appealing 
procedure for INCEPTION is 
certainly based a full 3D 
approach. Even if technically 
more complex, this 
approach represent the 
possibility of a high-accurate 
documentation for the 
digitization of CH buildings.

THE MODELLING PROCEDURE - SOURCE DATA
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Point cloud-based survey

BIM environment

.e57

Traditional BIM modelling
based on existing features

no open source options (i.e.: Autodesk Recap and Revit)
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THE MODELLING PROCEDURE
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Point cloud-based survey

BIM environment

.e57

Traditional BIM modelling
based on existing features

3D solid modelling based on point-
cloud interpretation 

(reconstruction) 

3D surface meshing of portions of 
the point cloud (state of 

conservation) 

no open source options (i.e.: Autodesk Recap and Revit)
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Competing or 
complementary 
approaches

Importing of created elements into BIM environment
and conversion into building elements

THE MODELLING PROCEDURE

Enrichment with semantic 
information on building 

features

Enrichment with semantic 
information on building 

features
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SEMANTIC FOR DIFFERENT PURPOSES

When used in models of cultural heritage, semantic BIM will be able to be connected
to different users (e.g. scholars, technicians, citizens, governments) in support of the
user’s need for interpretation of the cultural heritage model, in addition to the
common BIM features of 3D visualization, technical specification and dataset.
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HERITAGE NOMENCLATURE

Naming each architectural element that composes a building is not an easy task. If we 
look at classical architecture, we can find several books that deeply analyse and 
summarize which rules were basically adopted in classical buildings. When mainly 
based on classical orders, ancient architecture is easier to understand and name, even 
if the building practice often differs from the theory.

For instance, we can list some of the 
most known theoretical books from 
the past:

• De architectura (On architecture, 
published as Ten Books on 
Architecture) by Vitruvio;

• De re aedificatoria (On the Art of 
Building) by Leon Battista Alberti; 

• I quattro libri dell'architettura (The 
Four Books of Architecture) by 
Andrea Palladio;

• etc.
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Common parameters through nomenclature

THESAURUS NAME PRIMARY RELEVENCE

Herein Architecture, Monuments

UNESCO Thesaurus General

UK Archival Thesaurus Archives

Centre National d’ Archaeologie Urbaine Sites, Archaeology

Pactols Thesaurus by Frantiq Archaeology

Getty, The Art & Architecture Thesaurus Art, Architecture

The Getty Thesaurus of Geographic names Sites

Getty, The Union List of Artists Names Actors, artists

Getty, The Cultural Objects Name Authority Museums

Various vocabularies and thesauruses are used in the field of conservation, even if the
variety of “uniqueness” of each cultural artefact turns its categorization into a difficult
attempt.
Analysing the state of the art of Cultural Heritage data dictionary related to “names”
connected to architectures and sites, different sources were browsed, considering
primarily European policies in managing and sharing information on cultural heritage,
such as the HEREIN Thesaurus, a multilingual thesaurus that enables the
identification of terms and concepts relevant to the field of heritage in 14 languages.
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From IfcOwl to H-BIM ontology

The ifcOWL defines the core part of the H-BIM ontology: a set of classification for 
building components compatible with the CH needs that can be enriched with 
definitions, synonyms, information and documentation. 

The ifcOWL can be technically seen as a serialization of both schema and content, 
where only the serialization of the schema part is standardized. The ifcOWL itself is 
not the best ontology for the Semantic Web, but it should be intended more as 
medium to get data accessible/usable within this technology. 

The layered structure of Semantic Web allows extending ontologies. This means that 
project data does not have to be restricted towards the defined schema of the system 
it is stored in. In this way, missing detailed classifications, relations or properties can 
be added when relevant for a project. 



34

Existing Ontology Standards 

CIDOC CRM
Cidoc CRM was carefully examined to understand if the integration capability to 
describe the evolution of an object and the event management provided by Cidoc. 
Although this ontology was developed for cultural heritage objects, it was really 
difficult to apply the complexity of the model to a further granularity, applying it to 
building elements, that are cultural heritage objects themselves but have a general 
sense only if related to the whole building. 

Getty
To test interoperability with an existing commonly used thesaurus based on SKOS, we 
worked on a layer of integration with Getty ontology (Getty mapping). The ontology 
defines two properties (hasAssociatedAATConcept and its inverse 
isAssociateWithElement), which relate the generic HBIM element with a Concept. 

PROV-O
The problem of linking provenance of referenced monument used to define H-BIM 
and track the provenance changes was one of the first problems that arose in defining 
a general documentation linked with the H-BIM model. The PROV-O ontology will be 
useful to link external documents with specific building elements and will be tested 
when the file repository of the INCEPTION platform will be developed.
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H-BIM ontology
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INCEPTION applications
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INCEPTION applications
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INCEPTION applications
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