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Advanced 3D Survey and Modelling
for Enhancement and Conservation of Cultural
Heritage: The INCEPTION Project

(B

Roberto Di Giulio®, Federica Maietti , and Emanuele Piaia

Department of Architecture, University of Ferrara,
Via Ghiara 36, 44121 Ferrara, Italy
{dgr, federica.maietti, emanuele. piaia}@unife. it

Abstract. Digital documentation technologies combined with innovative ana-
Iytical techniques and digital tools can be an effective strategy supporting
multidisciplinary documentation and modelling aimed at conservation,
enhancement and preservation of Cultural Heritage. New technologies and
digital devices should play an important innovative role to understand, access,
enhance and preserve Cultural Heritage.

In this framework, the ongoing project INCEPTION [Inclusive Cultural
Heritage in Europe through 3D semantic modelling — funded by the European
Commission within the Programme Horizon 2020 — proposes a workflow aimed
at the achievements of efficient 3D digitization methods, post-processing tools
for an enriched semantic modelling, web-based solutions and applications to
ensure a wide access to experts and non-experts. The implementation of data
collection processes and the development of semantically enriched 3D models is
an effective way to enhance the dialogue between ICT technologies, different
Cultural Heritage users and different disciplines, both social and technical.

Moreover, INCEPTION deals with complex heritage architectures and sites;
in order to manage this complexity, a common protocol for data capturing has
been developed, considering the uniqueness of each heritage site, accuracy and
reliability, additional data and semantic proprieties to be recorded for different
heritage applications.

Keywords: Heritage digital documentation - Advanced data capturing -
Semantic modelling - Inclusive accessibility - Enhancement - Conservation

1 Introduction

Cultural Heritage conservation is more and more linked to the opportunities of docu-
mentation, condition assessment, monitoring and predictive analysis by means of non-
destructive procedures. Protection, conservation and sustainable maintenance of Cul-
tural Heritage is one of the Europe’s priority to preserve our common assets to future
generation, to foster social cohesion, to reinforce a sense of belonging to a common
European space and to support job creation and economic growth.
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Heritage management is a strong interdisciplinary field and many actors are
involved in the complex process that, from the documentation up to the restoration,
leads to the preservation, enhancement and sustainable exploitation of assets.

In this framework, the European Commission supports more and more several
challenges related to different fields of Cultural Heritage toward a European common
identity, transnational dialogue and understanding.

Moreover, the increasingly widespread use of different diagnostic methodologies
and three-dimensional survey devices opens new scenarios within the non-destructive
assessment and characterization of structures and materials, toward an overall and
holistic digital documentation of cultural heritage [1].

Fig. 1. INCEPTION “corporate” image. 3D digitization methods, post-processing tools for an
enriched semantic modelling, web-based solutions and applications to ensure a wide access to
experts and non-experts are the core of the project.

As stated during the Innovation & Cultural Heritage Conference, held on 20 March
2018 in Brussels [2], the future European research on cultural heritage needs a holistic
and critical research agenda and an inclusive interdisciplinary approach. One of the key
questions is how to best use the opportunities provided by digitalization in the val-
orization of cultural heritage. Several presentations, based on ongoing Horizon 2020
funded projects, showed the manifold advances of digitalization for conservation,
presentation and consumption of heritage. “Digitalization can be an effective instru-
ment of democratization of cultural heritage as it opens new forms of access, e.g. by
allowing entrance to previously closed heritage places or museum collections, or by
allowing memberships in heritage communities without physical presence in a locality.
[...] More research is needed concerning the use of digital heritage by the different
social, cultural and professional groups, which takes into consideration the social
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effects of virtual realities and the visibility of actorship in the processes related to
cultural heritage practices” [3].

Advanced 3D documentation identifying different layers of data to be recorded for
heritage knowledge, enhancement and conservation is one of the main outcomes of the
European Project “INCEPTION - Inclusive Cultural Heritage in Europe through 3D
semantic modelling” (Fig. 1), funded by the European Commission under the Pro-
gramme Horizon 2020 and started in 2015. The project proposes the enhancement of
efficiency in 3D data capturing procedures and devices, especially dealing with com-
plex heritage “spaces™: cultural heritage sites, historical architectures, archaeological
sites characterized by non-conventional features, location and geometries [4] (Fig. 2).

0 LASER BTAMNER SURVEY

Fig. 2. Integrated digital documentation of complex heritage buildings. The example of Palazzo
del Podesta in Mantua (DIAPReM Centre).

The overall project workflow is developed starting from requirements, integrated
data capturing and holistic heritage documentation, the semantic enrichment via 3D
modelling in H-BIM environment, and the models deployment and valorization
through the INCEPTION platform. Indeed, the main innovations under INCEPTION
will be delivered through an open standard platform to collect, implement and share
digital models. Platform interface and functionalities will allow users to download and
upload models, work with H-BIM models with different level of details, enrich contents
and information linked to geometric models in an interoperable way and explore a wide
range of data and contents.
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The project has the ambition to strongly support the development of a pan-
European approach to data usage for decision making related to conservation and
preventive interventions and for supporting site management and sustainable
exploitation of assets by integrating new methods for condition assessment survey of
Cultural Heritage based on predictive analysis (diagnostic, conservative, morphomet-
ric) and non-destructive procedures.

2 The INCEPTION Project Overall Vision

INCEPTION aims to develop new tools for the interoperability and the inclusive
sharing of three-dimensional heritage models towards new forms of access and
awareness of the European cultural heritage. In the middle of the fourth and last year of
activity, the project is working on models deployment and widespread sharing, starting
from a methodological and technical advancement in 3D data capturing and holistic
digital documentation [5].

The project consists of five main actions:

— the definition of a common framework for catalogue methodology, by mapping the
stakeholder’ knowledge demands;

— the development of an advanced integrated 3D data capturing;

— the identification of the Cultural Heritage buildings semantic ontology and data
structure for information catalogue and modelling in Heritage-BIM environment,
based on Open BIM standard;

— the implementation of the INCEPTION Semantic Web Platform. Deployment and
valorization of 3D heritage models, to enable the sharing and enrichment of the
information and interpretation of the models by users.

2.1 Project Workflow

The overall project workflow is developed starting from requirements (according to
specific users and needs, what kind of data and information can be collected and
managed by a 3D model), the integrated data capturing and holistic heritage docu-
mentation. Semantic modelling for Cultural Heritage buildings in H-BIM environment
and the development of the INCEPTION platform for deployment and valorization of
enriched 3D models will allow accomplishing the main objectives of accessing,
understanding and strengthening European Cultural Heritage [6].

According to the abovementioned workflow, the H-BIM modelling procedure starts
with a depth analysis of user needs (considering both expert and non-expert users). The
identification of the Cultural Heritage buildings semantic ontology and data structure
for information catalogue will allow the integration of semantic attributes with hier-
archically and mutually aggregated 3D digital geometric models for management of
heritage information. The development of the INCEPTION platform is the key-targeted
achievement of the overall project, in order to accomplish the main objectives of
accessing, understanding and strengthening European cultural heritage by means of
enriched 3D models. The main aim of the platform is to innovate 3D models “forever”,
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“for everybody”, “from everywhere”, by developing, collecting and sharing interop-
erable 3D semantic models (Fig. 3).
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Fig. 3. Schema of the overall INCEPTION workflow, from the mapping of requirements and
holistic documentation up to the semantic modelling and model sharing through the INCEPTION
platform.
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In the cloud-based platform, the main input is a BIM model of a Heritage building
or site. All the BIM models are uploaded in the platform as IFC (Industry Foundation
Class) standard files, in order to allow the access regardless of the software used to
generate the BIM model. The IFC file is then processed by means of several server-side
custom Windows services, extracting all the semantic information and generating
Resource Description Framework (RDF) triples, according to the INCEPTION H-BIM
ontology, serialized as Turtle (TTL) files. All these triples are stored in a semantic triple
store, accessed via HTTP through a dedicated Apache Fuseki SPARQL server. The
platform provides the user with the possibility of enriching the models with new
semantic metadata, new data and attachments related to the whole CH site or to a
specific geometrical element.

Therefore, semantic H-BIM models uploaded on the platform will allow users to
interact with the models; thus, not only “to access” and “to understand” the models, but
also to be stimulated “to give the users’ perceptual responses to the models” through
multi-layered information and documentation systems eligible for spatial and multi-
criteria queries in a virtual 3D environment [7]. The end-users will be able to access
information utilizing a standard browser, and they will be able to query the database
using keywords and an easy search method.

This could be particularly relevant to foster the use of 3D models for diagnostic
procedures and as a very efficient assessment and decision-making tool. Digital data
can be used to manage dimensional analysis of the buildings or sites [8], typological
analysis, technological analysis and material assessment to assess the current condition
(typical materials and structures and their damage) and state of conservation, technical
solutions for preservation and overall maintenance planning.

The INCEPTION platform offers the opportunity to manage contents such as single
elements of a building to visualize different historic phases, stored data of previous
interventions and links with external databases to increase the quality of reliable
information. The possibility to share and make available documents linked to the
geometric 3D model and the capacity to download 3D models with different scales of
detail are very relevant tools supporting diagnostic procedures [9].

3 Integrated 3D Survey and Holistic Documentation

Methods and processes for data collection are continuously developing and today are
characterized by an effective interdisciplinary. Skills on 3D laser scanner survey,
diagnostic procedures and historical researches, as well as environmental condition
assessment or management of metric and dimensional data support the vision of
integrated digital documentation for cultural heritage assessment [10]. The INCEP-
TION’s approach is focused on the 3D data capturing and modelling of heritage
buildings and sites, through digital representation of the shape, appearance and con-
servation condition, in addition to a set of semantic information able to enrich research
and deployment applications. The project is developing new research avenues in the
field of heritage 3D data acquisition and modelling in order to guide the process of
digitization of cultural heritage and innovation strategies to the three-dimensional
modelling.
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Advancement of 3D data capturing under INCEPTION starts from a primary
concept: the 3D survey of complex heritage architectural spaces needs a common
protocol for data capturing considering the uniqueness of each site, quality indicators,
time-consumption, cost-effectiveness, data accuracy and reliability, additional data and
semantic proprieties to be recorded for heritage applications, adaptability to different
sites with different historical phases.

The architectural space becomes the foundations, the common core and the
“connection” for the creation of a protocol for optimizing the 3D documentation of
cultural heritage. The methodology set as a priority the unconventional features/
geometries, unique and complex within Heritage, avoiding the “segmentation” of data
acquired and facilitating data access and use through an inclusive approach [11].

The integration of digital data and the possibilities of re-use digital resources is an
important challenge for protection and conservation of the historic buildings as well as
for an efficient management in the long term [12] (Fig. 4).

Fig. 4. From the left: integrated data capturing through the data acquisition protocol,
advancement in 3D models processing in BIM environment and model sharing.

The data acquisition protocol has been developed within a more general method-
ological procedure of heritage documentation: integrated digital documentation under
INCEPTION is carried out through a holistic approach. Through the 3D digitization of
a monument, various aspects of recording concerning diagnostics (building material
and decay patterns), construction and architectural documentation, new digital content
management may be achieved. In this context, interdisciplinary approach means that
the advantages and the output of every method applied to a monument, can lead to the
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3D modelling approach, improving an inclusive understanding of European cultural
identity and diversity [13].

3.1 The INCEPTION Data Acquisition Protocol

In order to face the main challenges related to 3D survey of complex architectures and
to start solving the issue of the large amount of captured data and time-consuming
processes in the production of 3D digital models, an Optimized Data Acquisition
Protocol (DAP) has been set up. The purpose is to guide the processes of digitization of
cultural heritage, respecting needs, requirements and specificities of cultural assets.

The DAP provides a workflow for a consistent development of survey procedures
for tangible cultural heritage and define a common background for the use of H-BIM
across multiple building types and for a wide range of technical users. Furthermore, this
protocol will be useful for any agency, organization or other institution that may be
interested in utilizing survey procedures aimed at 3D H-BIM semantic models creation
and their implementation for the INCEPTION platform.

The DAP is intended to ensure uniformity in 3D digital survey for all the buildings
that will be part of INCEPTION platform, considering a wide range of 3D data cap-
turing instruments [14] because of multiple users and different techniques related to
specific disciplines. 3D survey instruments and techniques continue to evolve, and this
protocol will continue to be reviewed and updated to reflect advances in industry
technology, methodology and trends; in every case, the protocol application will ensure
data homogenization between surveys tailored to different requirements.

The survey workflow is split into eight main steps that define specific requirements
and their related activity indicators: Scan Plan, Health and safety, Resolution
Requirements, Registration mode, Control network, Quality control, Data control and
verification, Data storage and archive. Each step of the workflow becomes a measuring
system to verify the requirements of the survey, and the ability of finding the right
answer define the level quality [15]. Every single step becomes an activity indicator
that contributes to get a specific evaluation ranking. Four incremental evaluation cat-
egories have been defined (B, A, A+, A++).

“B” is the minimum evaluation category to be compliant with the INCEPTION
Platform. It’s intended to be used for very simple buildings or for the creation of low-
detailed BIM model for digital reconstruction aimed at VR, AR and visualization
purposes. In this case, the metric value of the model is less important than the mor-
phological value.

“A” is the evaluation category suitable for documentation purposes where the
metric and morphological values are equivalent in term of impact on the survey that
needs to be preliminary scheduled and designed. The registration process of 3D cap-
tured data cannot be based only on morphological method but it should be improved by
a topographic control network or GPS data.

“A+” is the most suitable for preservation purposes because only the surveys
compliant with this category could be a useful tool for restoration projects that need
extremely correct metric data. From these surveys, BIM models as well as 2D CAD
drawings until 1:20 scale are available. The project phase gets more importance than
previous categories in order to schedule and manage the survey campaign and choose
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the right technical instruments to perform the data capturing. The management and the
correction of metric errors are based on topographic techniques, in particular for what
could concern the registration of different scan. The documentation phase will be
developed organizing the information into Metadata and Paradata. Elements of quality
control are integrated into the process.

“A++” is suitable for very complex buildings where the capturing process need to
be documented and traced in order to get the maximum control on data or when
monitoring process developed in a non-continuous time span take place. This category
could be useful even if different teams of technicians work together, simultaneously or
in sequence, with different capturing instruments and different accuracies. The A++
category allows analyzing how a survey has been performed in every single phase:
moreover, this capability allows integrating a survey in different times.

4 Conclusions

“Heritage information — the activity and products of recording, documenting, and
managing the information of cultural heritage places — should be not only an integral
part of every conservation project but also an activity that continues long after the
intervention is completed. It is the basis for the monitoring, management, and routine
maintenance of a site and provides a way to transmit knowledge about heritage places
to future generations” [16].

The possibility to achieve interoperable models able to enrich the interdisciplinary
knowledge of European cultural identity is one of the main outcomes of INCEPTION.
The implementation of data collection processes and the development of semantically
enriched 3D models is an effective way to enhance the dialogue between ICT tech-
nologies, different Cultural Heritage experts, users and different disciplines, both social
and technical.

Collecting information to preventive conservation, monitoring and maintenance of
European cultural historical heritage is undeniably connected with the use of methods,
tools and techniques that in recent years have become technologically advanced and
widespread. The technological evolution of survey systems represents an important
innovation to manage three-dimensional databases [17]. The integration of other non-
destructive procedures as thermal imaging, intensity value, integrated sensors, spec-
trophotometry, sonic surveys, etc. allows the collection and integration of other
important digital data. These databases are geometric archives that can be used for
research goals and for preservation, restoration and protection of cultural heritage.
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