Chapter 7

DIGITAL MEMORY AND INTEGRATED
DATA CAPTURING: INNOVATIONS FOR
AN INCLUSIVE CULTURAL HERITAGE IN
EUROPE THROUGH 3D SEMANTIC
MODELLING
Federica Maietti, Roberto Di Giulio, Marcello Balzani, Emanuele Piaia,
Marco Medici, Federico Ferrari1
Abstract Starting from different applications in 3D integrated laser scanner survey of Heritage buildings and sites, this chapter will illustrate advanced procedures
in 3D surveying and modelling of complex buildings, focusing on the on-going European Project “INCEPTION - Inclusive Cultural Heritage in Europe through 3D
semantic modelling”, funded by EC within the Programme Horizon 2020. The project methodology proposes the enhancement of efficiency in 3D data capturing
methodologies, procedures and devices beyond current standards, especially as regards their suitability and aptitude for tangible cultural assets, characterized by nonconventional features, location and geometries. Within the overall documentation
process, the semantic enrichment of 3D models will enable an inclusive approach
for accessing and understanding European Cultural Heritage through digital documentation.
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7.1 Introduction
Innovative ICT applications and advanced “storytelling” attitudes of 3D reconstructions, including Augmented and Virtual Reality, are becoming more and more widespread in communicating and enhancing tangible and intangible cultural heritage.
Information and Communication Technologies are constantly evolving and new
digital media are increasingly used for accessing, understanding and preserve cultural heritage; ICTs allow new experiences and enjoyment of cultural sites giving
the opportunity to approach more easily something that very often is perceived as
distant and unattractive. Multimedia interactive guides realized in 3D for museums,
exhibitions and archaeological sites, smartphone applications, touchscreens, multimedia books with dynamic images and virtual reality, are just some examples of
new possibilities to learn, understand and access cultural heritage. Enriching semantically the 3D models and improving the applications of Virtual and Augmented
Reality, the understanding of the European cultural heritage will be more accurate
and will go beyond the virtual tours; these tools will allow everyone to add rich
diversity of contexts and interpretations to the 3D models through interactive, storytelling and wiki-oriented approaches using mobile devices [1].
Documentation processes are becoming more and more relevant and the nearly ten
years of research and experimentation have been characterized by an attempt to focus efforts and contribute to the enrichment of representational knowledge of existing elements. Heritage documentation is basic for understanding our legacy and our
cultural identity.
The newly developed technologies for the automatic acquisition of geometrical data
are innovative elements that allow us to create databases of high definition, threedimensional morphometric data [2].
These archives of architectural and archaeological data allow to collect dimensional
data and integrate them with information related to structures and materials, state of
conservation, diagnostic analysis and historical data, making the data capturing an
overall integrated process in supporting sustainable decision strategies for conservation, restoration and enhancement of cultural heritage.
The development of criteria for multilevel organization of databases are mainly oriented to preservation and restoration work, but also contributes to the enhancement,
promotion, management, and enjoyment of cultural heritage sites. The database
contains 3D models obtained by the use of laser scanner and all the topographic,
photographic, diagnostic, and structural data associated with them. Databases allow
users to consult and update all data, providing an important foundation for the management, preservation, maintenance, and enhancement of heritage sites [3].
In this framework digital technologies are very relevant because they are able to
survey very rapidly heritage building and sites by collecting millions of spatial coordinates. These 3D acquired data can be used not only for documentation and mon-
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itoring purposes but also for digital application (such as virtual tours, virtual tourism, digital reconstructions, etc.) and to create integrated 3D database for preservation, diagnostics, restoration, and management procedures.

Fig. 7.1.1 Florence, environmental section cutting the cloister of San Lorenzo; in the background
the Medici Chapels and the Laurenziana Library (copyright DIAPReM centre).

7.2 Digital memory and integrated data capturing

7.2.1 INCEPTION objectives and strategies
The European Project “INCEPTION - Inclusive Cultural Heritage in Europe
through 3D semantic modelling”, funded by EC within the Programme Horizon
2020, aims to solve the shortcomings of state-of-the-art 3D reconstruction by significantly enhancing the functionalities, capabilities and cost-effectiveness of instruments and deployment procedures for 3D laser survey, data acquisition and processing.
The INCEPTION1 main aim is focused on innovation in 3D modelling of cultural
heritage through an inclusive approach for time-dynamic 3D reconstruction of heritage sites and on the possibility to create an inclusive understanding of European

1

The project, started in June 2015, will be developed by a consortium of fourteen partners from
ten European countries led by the Department of Architecture of the University of Ferrara (scientific coordinator Prof. Roberto Di Giulio) which makes use of the facilities and researchers of the
Laboratory TekneHub, Ferrara Technopole, belonging to the Construction Platform of the EmiliaRomagna High Technology Network. Academic partners of the Consortium, in addition to the
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cultural identity and diversity by stimulating and facilitating collaborations across
disciplines, technologies and sectors.
Within this overall framework, the project is developing cost-effective procedures
and enhancements for on-site 3D survey and reconstruction of cultural heritage artefacts, buildings, sites and social environments.
This objective is achieved by:
 Enhancing the efficiency of three-dimensional data capturing procedures and devices, especially their suitability and aptitude for the physical cultural resources
and assets: cultural heritage sites, historical architectures, archaeological sites
and artefacts that are characterized by smart handling of non-conventional characteristics, location and geometries.
 Developing new methods for condition assessment survey of cultural heritage
which are based on predictive analysis (diagnostic, conservative, morphometric),
non-destructive procedures and supported by economically sustainable technologies and devices.
 Optimization of hardware and software instruments for easy scan system, rapid
capture of main features/geometric data, and automated data output in an H-BIM
environment.
 The integrated data capturing methodology will be accomplished by the implementation of a common protocol for data capturing and related enhancement of
functionalities, capabilities and cost-effectiveness of data-capturing technologies
and documentation instruments. The protocol considers quality indicators, timeconsumption, cost-effectiveness, results accuracy and reliability, useful data to
be recorded for heritage applications.
The INCEPTION project faces the changing role of 3D digital models in heritage
representation and their collaborative use across disciplines increasing knowledge,
enhancement and dissemination through digital models in order to promote the inclusiveness and accessibility of European cultural heritage.
Breaking down the barriers caused by the sector segmentation, a ‘common framework’ for the interpretation of European cultural identity and diversity through 3D
documentation of cultural heritage sites and buildings will be established.

Department of Architecture of the University of Ferrara, include the University of Ljubljana (Slovenia), the National Technical University of Athens (Greece), the Cyprus University of Technology (Cyprus), the University of Zagreb (Croatia), the research centers Consorzio Futuro in Ricerca
(Italy) and Cartif (Spain). The clustering of small medium enterprises includes: DEMO Consultants BV (The Netherlands), 3L Architects (Germany), Nemoris (Italy), RDF (Bulgaria), 13BIS
Consulting (France), Z + F (Germany), Vision and Business Consultants (Greece).
The project has been applied 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).
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Fig. 7.2.1. Florence, visualization of the point cloud of the Dome of the Sagrestia Nuova by Michelangelo coloured by intensity values (copyright DIAPReM centre).

7.2.2 Integrated 3D laser scanner survey for Cultural Heritage
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 about environmental
condition assessment or management of metric and dimensional data support the
vision of integrated digital documentation for cultural heritage assessment.
The INCEPTION’s approach to the improvement of the understanding of European
cultural identity and diversity is focused on the 3D data capturing and modelling of
heritage buildings and sites, through digital representation of the shape, appearance
and conservation condition2, in addition to a set of semantic information able to
enrich research and deployment applications.
3D laser scanner technologies allows creating high definition databases based on
even more detailed three-dimensional morphometric data. These “digital archives”
are an extremely valuable research tool in cultural heritage field: the so-called “geometric memory” is essential for knowledge, understanding, protection and sustainable conservation of Cultural Heritage.
2

See Chapter 10, “Data collection for estimation of resilience of cultural heritage assets”.
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The concept of geometric memory is related to documentation and data filing by
means of 3D data acquisition technologies characterized by high-speed procedures
and the creation of high-density and accurate data.
Starting from “geometric memory” it is possible to extract not only geometric aspects but also many different data for the enhancement of documentation and information for conservation, diagnostics, monitoring and restoration project, and for
heritage promotion, valorisation and enhancement.
The three-dimension model produced by a 3D survey, referred to a specific degree
of accuracy and precision depending on the performance specifications of the instruments and the complexity of the data acquisition process, is represented by a set
of X, Y, Z coordinates that can be retrieved and examined by anyone at any time,
as will be deeply explained in the next sections of the document.
The 3D survey follows an organization able to highlight the steps of its achievement
and to retrace the registration process and data fusion. The obtained 3D model, certificate with a certain degree of accuracy and precision related to the performance
specifications of the instrument and the complexity of acquisition, can be queried
by everyone even after the measurement phase.
The degree of flexibility offered by this system allows researchers to transfer organisational and interpretive work into the laboratory or off-site, decoupling the
data acquisition process from the exclusive purpose of producing a measurement,
and making the collection of measurement data exportable, updatable, and implementable. Geometric configuration is the basis of knowledge of heritage spatial and
architectural outlines, and the support for layering many different information such
as shapes and textures, highly descriptive quality in terms of material characteristics
and state of conservation, etc. The geometric memory is an essential cognitive support to organize the 3D database, which can include also other types of survey data
(infrared, spectrophotometric, structural). This allows an investigation approach
that exploits the effectiveness of morphological navigation. The 3D database presents itself as a whole entity, where it is possible, for example, to decide to:
 cutting-off parts (to better display others);
 filtering data (taking, time to time, the density and stratification consistent with
the purpose of the survey);
 place the observer in a free condition with respect to the planimetric position of
the acquisition itself;
 navigate into the three-dimensional model and browse and query through different informative levels.
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Fig. 7.2.2. Scheme of the integrated documentation procedure of the INCEPTION project (copyright DIAPReM centre).

Operating within a context of hundreds of millions of organized three-dimensional
coordinates allows, for example, to read-through volumetric correspondences architectures and sites.
This procedure can be extremely powerful in helping the historical analyses, checking and monitoring the heritage architectures and sites, setting up interactive metric
databases able to provide at any time information about the surveyed object.
In particular, the precision, the acquisition speed of metric data, the opportunity to
use these data to build 3D geometric models and to carry out conservative and structural analyses are very advantageous features. The results obtained until now have
shown that it is possible to organize databases of a great variety and nevertheless
complementary to each another, to allow a global view of heritage knowledge,
preservation, conservative and managing issues.
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Fig. 7.2.3. Piazza dei Miracoli, Pisa. Visualization of data extraction generated from the 3D database for a perspective view (copyright DIAPReM centre).

7.2.3 Cultural Heritage through time and space dimension
INCEPTION project is focused on innovation in 3D data capturing and modelling
of heritage buildings and sites. The overall approach to the survey of heritage
“spaces” and geometric dimensions (different than the survey of objects and artefacts) is the opportunity to explore and improve the multi-layered conceptual dimension of European heritage. At the same time, one of the main challenges of the
INCEPTION project is to realise innovation in 3D modelling of cultural heritage
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through an inclusive approach for time-dynamic 3D reconstruction of built and social environments. This feature will allow the creation, visualisation and analysis of
3D H-BIM models of cultural heritage over time, with emphasis on how the modelled cultural heritage evolves over time in association with its built and social environments.
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.
State of the art and interdisciplinary references analysed and checked during the
first research stages, together with wide on-site tests and experiences, include the
most recent contributions in the field of survey, representation, modelling and database management for cultural heritage.
The main used methodologies face the problem of the complexity of current tools
and the processing of results obtained by using new technologies in representation
over the 2D and 3D conventions. These outcomes are very often surprising but
sometimes impoverished in the expressive vocabulary of the representation of a
proper reference model, which allows investigating the tangible material as well as
the intangible intentions.
Architectural space geometry is an essential tool to handle the spatial expression of
a drawing useful to accomplish knowledge and conservative process; survey and
representation of heritage architectural spaces are an effective tool for exploring the
form from the two-dimensionality to the three-dimensionality of reality and vice
versa.
An international comparison and interdisciplinary analysis of several indicators
(within documentation, data acquisition and processing) aimed at the knowledge of
the heritage through the 3D modelling and databases querying and data extraction
has been accomplished; the future steps will develop advanced 3D modelling in
BIM environment to enhance the understanding of cultural heritage.
Innovation is related to the focus on the heritage spaces (at architectural and urban
scale), one of the most important “container” of cultural expressions identified in
the evolution of the concept of European identity.
The project develops an integrated approach able to investigate the potential of
spaces in order to create new cultural connections and awareness; the architecture
is an outstanding example of the multi-layered conceptual dimension of European
heritage.
The 3D survey of heritage architectural space needs a common protocol for data
capturing and related enhancement of functionalities, capabilities and cost-effectiveness of technologies and documentation instruments. The protocol considers 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.
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Fig. 7.2.4. Laurenziana Library, Florence, by Michelangelo, an example of complex architectural
“space” to be detected; view of the data extraction generated from the 3D database of the interior
spaces and the 3D point-cloud model in silhouette, mixing grey scale and intensity values (copyright DIAPReM centre).

The combination of innovative methodologies and protocols, processes, methods
and devices will enhance the understanding of European Cultural Heritage by means
of 3D models bringing new knowledge, collaboration across disciplines, time and
cost saving in develop and use of 3D digital models. The innovative procedures and
applications will enable remote communication and collaboration across professionals, experts, architects, etc. and will increase the operation fields in Cultural
Heritage.
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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. The need of a future re-use of such
broad and descriptive source of measurement data demands new applications to facilitate information accessing collected in three-dimensional databases without
compromising the quality and amount of information captured in the survey.
The 3D survey of heritage “spaces” means:
 to understand how the space (defined by its geometric morphometric characteristics) can be the interface/connection with time dimension; the space/time relation can be an easy (and affordable) and understandable (and therefore inclusive)
metaphor of memory (collective and European);
 to understand how space (architectural, urban and environmental) has its own
dynamic characteristic that not only gives the chance of an understandable navigation and discovery but also identifies the option of choosing which is the basis
of the definition of culture: what to choose and to store in a certain time and why;
 to understand that only through space (and its complexity) it’s possible to collect
an high level of multi-function knowledge strongly linked to the multi-scale representation process.
The identification of the multi-function and multi-scale role of the model allows the
exploitation of uneasy and complex resources (obtained by the collection of geometric shape and not just of the architectural and urban context) at different levels,
over time and by different actors. Here it is the value of accessibility/affordability
of the process that until now has been barely allowed to spatial scale but through a
mere visual navigation often un-interpreted, an approach very far from the
knowledge, understanding and conservative needs.
Working at heritage architecture and site scale will allow the identification of the
Cultural Heritage buildings semantic ontology and data structure for information
catalogue. During the second year, activities will be addressed to a modelling approach within the 3D semantic Heritage-BIM: the integration of semantic attributes
with hierarchically and mutually aggregated 3D geometric models is indispensable
for management of heritage information. 3D parametric and semantic modelling
will lead to the development of semantic 3D reconstructions of heritage building
and sites, integrated with additional documents (i.e. pictures, maps, literature) and
intangible information.
The 3D data integration is consistent with the trend of open linked data and big data,
which are recommended procedures for displaying and sharing the Semantic Web
context. INCEPTION would fit perfectly into the ongoing research projects in order
to identify the right and useful technologies in order to support the future of Web of
data. It will try to give a response to the data use in relation to the possible correlations (tourist development, accessibility, historical reconstructions, real-time identification of the state of conservation, etc.).
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INCEPTION main scopes and objectives include the generation of data sets and the
creations of synergies with digital libraries3, and the INCEPTION 3D standard will
be integrated into the Europeana EDM format.

Fig. 7.2.5. Leon Battista Alberti, Santissima Annunziata in Florence and Tempio Malatestiano in
Rimini, comparison of 3D databases for querying and extracting horizontal and vertical section,
and geometric analysis (copyright DIAPReM centre).

3

See Chapter 5, “3D Digital Libraries in Cultural Heritage and their contribution in the documentation of the past”.
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7.3 Semantic enrichment and inclusive approach

7.3.1 3D semantic models to manage the time dimension
Within INCEPTION, the time-dynamic 3D reconstruction will become part of the
modelling and of models deployment. The time dimension is part of the most significant steps of the project, starting from the 3D survey and documentation. The
so-called INCEPTION “Time Machine” will be developed as an open-standard Semantic Web platform.
Looking at that objective, the heritage documentation and the optimized Data acquisition protocol are related to the “time dimension” since survey, integrated digital documentation, representation and semantic enrichment are parts of the timedynamic 3D reconstruction process [4].
Historical data and documentation are part of the knowledge management and holistic documentation aimed at the hierarchical organization of information about
heritage buildings and sites based on semantic approach; heritage documentations
process includes historical documents and historical drawings (when available) or
iconographies, pictures, etc., as well as documentation about previous interventions
of restoration.
The 3D survey is able to “work over time”, by layering different information (including comparison with previous surveys acquired by different technologies) and
relating the metric-morphologic data to the historical documentation and additional
information within the semantic approach; acquired data can be integrated over time
with additional survey.
3D data capturing and documentation at different times of geometries, shapes, constructive and formal conditions allow to generate a four-dimensional database, compering different 3D models. Time frames are one of the informative layers included
in the development of methods for semantic organization and glossary definition
for Cultural Heritage buildings; including time dimension in the 3D modelling development, it is possible to describe building evolution and different phases or previous interventions.
In case of ruins or partially lost architectures, it is possible to virtually reconstruct
the building shape in a specific time lag with the help of historic documentations.
Reconstructions and simulations related to specific historic periods, moving across
time and space, are possible within the semantic web platform.
Heritage maintenance and real-time asset management, monitoring and periodic
condition assessment allow verifying the state of conservation over time. Semantically enriched 3D models allow to transmit the heritage building through time and
space in an accessible way and through interoperable formats to a wide range of
users, experts and non-experts.
Applications for analysis and understanding of Cultural Heritage through time and
space involve on-site Augmented Reality based on INCEPTION H-BIM (same
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place and same time); off-site virtual Reality by INCEPTION mobile apps (different
place, same time); INCEPTION semantic web collaboration Platform (same place,
different time); INCEPTION “time machine” for analysis of culture and identity
(different place, different time).
Since time definition is also used by documentations related to the building, in the
Time Machine tool properties linked to the model should be available for a specific
period of time. Another issue is that in cultural heritage domain, time is not always
known or perfectly indicated on specific events or could be defined in relation with
other events.
The implementation of the dynamic structure of the INCEPTION platform through
models and reconstructions/simulations related to specific historical periods, allows
to “move across time and space” enabling features like time machines, and it is
connected also with time planning of interventions. Users will be provided with a
dashboard for accessing survey data, i.e. cloud of points, and building 3D historical
simulations.
A possible data model to manage the “time dimension” in cultural heritage 3D models is through ontologies. Semantic data models have been applied and exploited in
several ways in virtual museums and cultural heritage artefacts, but time representations have always been a critical point. Time, as a measure, is a mathematical
entity but it is also descriptive of events closely interlaced with non-tangible properties (like architectural styles, environment description, authors and usage, which
often have not a strictly defined time span). Time definition is also applied by related documentations about the building, so in the Time Machine tool properties
linked to the model should be available for a specific period.
Different references mean different meanings and applications, so define a time
span for a physical entity could imply an evolution, transforming it in another entity,
or its replacement. Physical properties related to the style description should deal
with their relation with model changings through time, some not precise phrasal
indication (e.g. in the mid of seventeenth century) in related documentation has to
be taken in account and granularity of time measure could affect performance and
usability.

7.3.2 Advancement in 3D data capturing: towards an enriched
semantic modelling
Differently from other research field, where the quantitative data are mainly collected to prove or explore a hypothesis, for what may concerns survey procedures,
the quantitative data could become the starting point.
Quantitative data are anything that can be expressed as a number: indeed, the collection of 3D data generates arrays of numerical data that should define geometries.
Generally, different technologies and methodologies of 3D data capturing could acquire different type of quantitative raw data (point clouds, reflectivity, colorimetric
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value, etc.) that need to be interpreted to became significant. Conversely, qualitative
data cannot be generally expressed as a number but defines the key to understand
the digital description provided from the 3D captured data. The quantitative data
represent the whole surveyed object that need to be qualitatively interpreted to understand single elements that define the building as well as its materials, additions,
ratios, etc.
According to this, the main challenge in 3D digital data management toward HBIM could be defined in the capability of H-BIM models to merge quantitative and
qualitative data into a semantic integrated 3D model.
As well as three-dimensional scanners are a technology now widely used in the field
of cultural heritage survey and the field of restoration and conservation, the Building Information Modelling systems, starting from the development of CAD, are becoming tools more and more used for the documentation of cultural heritage, as well
as semantic web technologies [5, 6].

Fig. 7.3.1. Leon Battista Alberti, San Sebastiano, Mantua. The BIM model obtained by the point
cloud is used as graphical verification of measures starting from the drawing by Antonio Labacco,
beginning of the sixteenth century (Figure created by the authors).

The integration between BIM environments and three-dimensional acquisition technologies is one of the challenge to be faced in order to guarantee a truly collaborative process in the heritage preservation sector.
Starting from the implementation of the 3D data capturing protocol for heritage applications and the identification of the Cultural Heritage buildings semantic ontology and data structure for information catalogue, the project will develop guidelines
for 3D parametric and semantic modelling in an Heritage-BIM environment, based
on Open BIM standard, improving a “BIM approach” for Cultural Heritage.
3D models generated through INCEPTION methods and tools will be accessible for
many different users. Semantic enrichment will generate 3D models for multiple
purposes depending on the needs and level of knowledge of the end-users. The semantic enrichment will link geometric information for 3D visualisation, historical
information, and geo-technical data as well as structural information for material
conservation, maintenance and refurbishment.
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An open-standard format and semantic ontology to generate high-quality, reliable
and interoperable models of H-BIM will be used in order to manage point clouds in
the overall process to generate 3D models without compromising the high quality
and accuracy of surveyed data.
Semantic H-BIM allows users not only to access but also to interact with the models, allowing spatial and multi-criteria queries in a virtual 3D environment. The endusers will be able to access information utilising a standard browser, and they will
be able to query the database using keywords and an easy search method.
INCEPTION semantic modelling approach will resolve the existing barriers between data collection and documentation, as well as between model creation and
analysis / interpretation.

Fig. 7.3.2. San Sebastiano, Mantua. Hybrid visualization of point cloud and meshed model towards
the H-BIM (copyright DIAPReM centre).
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7.4 Future developments and innovations: VR and AR in
Heritage applications
INCEPTION will allow model utilization and deployment: queries, visits, uploads
and downloads and access through apps will allow a completely new kind of analysis about needs, behaviors, expectations of CH customers and operators.
The models will be delivered through INCEPTION Platform in already existing
Apps for a myriad of purposes. With this feature, the models will be applied for
research, tourism, building maintenance, specific studies, etc. It will be tested also
using Virtual and Augmented realities applications on tablets and smart phones.
Moreover, the digital model generated will be readily exported to VRML, X3D or
equivalent formats which are appropriate for; VR/AR applications, multimedia edition, conceptualization in a computer scenario, and historical recreations.

Fig. 7.4.1. Example of Augmented Reality by using applications on smart phones (copyright DIAPReM centre).

Thanks to Virtual Reality, it is possible to rebuild past worlds, monuments and ancient cities: because of the possibility of comparing different historical periods and
their physical transformation, architecture and archaeology needs to deeply explore
this technology to enhance the understanding of cultural heritage.
Moreover, AR can be used to aid archaeological and architectural research, by augmenting features onto the modern landscape, enabling researcher to formulate con-
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clusions about site placement and configuration or to more general users to understand what they are looking at. Computer-generated models can be superimposed
into a real life to rebuild ruins, buildings, landscapes or even ancient characters as
they formerly existed. This technology can be useful only on the field because it
needs real-world environment or objects to be augmented.
To better understand the difference from VR and AR could be useful to refer to the
definition of mixed reality (MR). It is the merging of real and virtual worlds to
produce new environments and visualizations where physical and digital objects coexist and interact in real time. Mixed reality takes place not only in the physical
world or the virtual world, but is a mix of reality and virtual reality, encompassing
both augmented reality and augmented virtuality. In 1994 Paul Milgram and Fumio
Kishino defined a mixed reality as "...anywhere between the extrema of the virtuality continuum." (VC), where the virtuality continuum extends from the completely
real through to the completely virtual environment with augmented reality and augmented virtuality ranging between.

Fig. 7.4.2. Example of Augmented Reality by using applications on tablet devices within the archaeological site of Pompeii (copyright DIAPReM centre).

7.5 Conclusion
The need of a future re-use of such broad and descriptive source of measurement
data demands new applications to facilitate information accessing collected in three-
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dimensional database without compromising the quality and amount of information
captured in the survey.
Looking at the future development of the INCEPTION platform, the integration of
qualitative and quantitative data, beginning from the data capturing phase, will allow the possibility to make qualitative query on quantitative data within a database
of multiple CH buildings and, therefore, to better understand the cultural European
complexity from its tangible heritage.
Databases allow users to understand how each survey-phase was carried out (scans,
topographic support, images acquisition, etc.) and thus to obtain the maximum possible amount of morphological information; this procedure means to work with
complex interfaces that are based on the programming languages of the software
used to complete the survey itself.
Furthermore VR and AR applications are becoming increasingly important in the
preservation, protection, and collection of our cultural and natural history; making
easier the access to monuments, artefacts, building and culture, these technologies
are actually enhancing the learning process, motivating and understanding of certain
events and historical elements for the use of students and researchers [7].
Currently, efforts in developing the user interface are concentrated on providing
direct or partially controlled access to the large three-dimensional scale models, also
by means of immersive navigation. The creation of large digital spaces properly set
up in terms of both form and dimensions, will make possible to navigate, enter, and
extract its qualities and specifications (measurements, colors, materials, historical
documentation, conservation records) in real time.
However, the user’s needs and desire for knowledge might be somewhat stymied
by such complicated interfaces that could be hard to understand.
Current efforts are focused on creating immersive and easy-to-use 3D visualizations
that can be accessed from a wide range of user.
The field of experimentation underlying the integrated, interdisciplinary research
effort shares many aspects (dimension and complexity of the data) with heritage
surveys, and the results obtained so far give us reason to hope that these optimization processes can be exported.
New simplified navigation interfaces are also being developed for users with lower
levels of expertise to facilitate access to and navigation of the three-dimensional
models.
It is thus clear that new visualization and communication modes for the geometrical
and measurement information have to be conceived and developed in step with the
development and application of three-dimensional surveys.
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Figure captions
Fig. 7.1.1. Florence, environmental section cutting the cloister of San Lorenzo; in
the background the Medici Chapels and the Laurenziana Library (copyright DIAPReM centre).
Fig. 7.2.1. Florence, visualization of the point cloud of the Dome of the Sagrestia
Nuova by Michelangelo coloured by intensity values (copyright DIAPReM centre).
Fig. 7.2.2. Scheme of the integrated documentation procedure of the INCEPTION
project (copyright DIAPReM centre).
Fig. 7.2.3. Piazza dei Miracoli, Pisa. Visualization of data extraction generated from
the 3D database for a perspective view (copyright DIAPReM centre).
Fig. 7.2.4. Laurenziana Library, Florence, by Michelangelo, an example of complex
architectural “space” to be detected; view of the data extraction generated from the
3D database of the interior spaces and the 3D point-cloud model in silhouette, mixing grey scale and intensity values (copyright DIAPReM centre).
Fig. 7.2.5. Leon Battista Alberti, Santissima Annunziata in Florence and Tempio
Malatestiano in Rimini, comparison of 3D databases for querying and extracting
horizontal and vertical section, and geometric analysis (copyright DIAPReM centre).
Fig. 7.3.1. Leon Battista Alberti, San Sebastiano, Mantua. The BIM model obtained
from the point cloud is used as graphical verification of measures starting from the
drawing by Antonio Labacco, beginning of the sixteenth century (Figure created by
the authors).
Fig. 7.3.2. San Sebastiano, Mantua. Hybrid visualization of point cloud and meshed
model towards the H-BIM (copyright DIAPReM centre).
Fig. 7.4.1. Example of Augmented Reality by using applications on smart phones
(copyright DIAPReM centre).
Fig. 7.4.2. Example of Augmented Reality by using applications on tablet devices
within the archaeological site of Pompeii (copyright DIAPReM centre).

