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ABSTRACT

The digitisation of cultural heritage objects paves the way for new approaches for the surveying and restitution of historical sites. With
a view to the management of integrated programmes of documentation and conservation, the research is now focusing on the creation
of information systems that link the digital representation of a building to semantic knowledge. Through reference to an emblematic
case study of the Calci Charterhouse, also known as Pisa Charterhouse, this contribution illustrates an approach to be followed for
transforming 3D survey information derived from laser scanning and photogrammetric techniques into semantically enriched 3D models.
The proposed approach is based on both the recognition, segmentation and classification of semantic/geometric elements and the
manual mapping of non-uniform rational basis spline elements on the original raw point cloud. For this shape recognition process,
reference to architectural treatises and the vocabulary of classical architecture is a key step. The created building components are finally
imported into a heritage building information modelling environment, where they are enriched with semantic information related to
historical knowledge, documentary sources and restoration activities.
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This representation phase, involving the reconstruction of the

1. INTRODUCTION

Three-dimensional models are increasingly being used for the
graphic representation of cultural heritage items. The
development of three-dimensional (3D) surveying and
representation systems promoted the birth of new forms of
documenting, disseminating and analysing cultural heritage
objects in digital environments.

Reality-based acquisition systems provide dense and reliable
3D reconstructions of the object of study. Laser scanning and
photogrammetry are widely applied methodologies [1], [2] for
capturing the basic 3D data to be used as input for the creation
and development of digital models.

While the acquisition of 3D survey data is a well-established
practice, recent studies have explored the subsequent phase,
which involves the processing and elaboration of raw data
obtained from the survey.

current or past form of a building based on survey acquisitions,
requires a logical process. It is necessary to decode and organise
the raw information obtained from laser scanning or
photogrammetric survey in order to represent the morphological
complexity of heritage buildings. It is necessary to understand
the shape and geometry of the elements to be represented as well
as their mutual relationships in order to build complete and
intelligible representations [3].

Only through this phase, which requires a logical and
operational process of segmenting and classifying the raw data
obtained from the survey, can an accurate and complete 3D
model be reconstructed and used as a support for the
documentation and analysis of the cultural heritage object.

Once the model has been reconstructed in a 3D environment,
the geometric elements can be associated with semantic data, i.c.
information about the historical asset.
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Figure 1. General process for the creation of semantically rich models starting from surveys.

It is thus possible to identify the following phases in the
process that leads to the attainment of structured models from
raw data (Figure 1):

I)  acquisition of survey data through laser scanning,

photogrammetry or a combination of both techniques;

II)  first data processing, including point cloud registration,
subsampling and noise removal;

III) segmentation and classification of architectural
elements;

IV) construction of the 3D model and semantic
enrichment.

The aim of this contribution is to show how these different
phases of the process develop and support one another based on
an examination of studies involving the recovery and
conservation of cultural heritage objects. The construction of
semantic models using heritage building information modelling
(H-BIM) technologies is also considered.

This workflow is illustrated in detail through an emblematic case
study of the Calci Charterhouse (Certosa di Calii), also known as
Pisa Charterhouse, an extensive architectural complex dating
back to the 14% century that has been the subject of an integrated
restoration and maintenance plan.

The paper is organised as follows: in Section 2, the state of
the art for the process of acquiring semantically rich 3D models
from survey data is illustrated and discussed, with a focus on
scan-to-BIM acquisition systems. Section 3 illustrates the
materials and methods of the proposed approach, using the
above-mentioned case study as an example.

Finally, Section 4 presents concluding remarks and possible
future developments of the work.

2. RELATED WORK

The wuse of digital technologies in cultural heritage
documentation and preservation applications is increasingly
gaining ground, thanks to the development of 3D sutveying and
modelling systems.

Laser scanning and photogrammetry make it possible to
describe heritage objects by acquiring reliable data in the form of
point clouds [4]. These data, however, are raw and not directly
usable as they contain purely geometric or radiometric
information.

A data processing phase is thus necessary in order to
transform the original point cloud into a geometric 3D model or
a parametric object characterised by geometrical, topological and
semantic attributes [5].

Obviously, the appropriate processing method strongly
depends on the type of model to be obtained. In addition to web-
based approaches involving the on-line sharing of 3D models
with respective semantic annotations [6]-[8], a technology that is
becoming increasingly popular for cultural heritage
documentation and dissemination is the generation of BIM
objects, which have typically been used in the field of new
construction [9].

The procedure for the construction of H-BIM objects from
relevant data is a reverse engineering technique known as scan-
to-BIM [10]. The basic approach, which is the same as for BIM,
is to create a digital database of the building, in which all of the
information related to the study and documentation of the asset
can be linked to a digital representation. By doing so, data can be
organised, archived and updated at any time by the various
professionals involved because the geometric representation of
the object is associated with a semantic value.

The first studies related to the application of BIM techniques
to cultural heritage date back to 2009 and are attributed to Dore
and Murphy, from the School of Surveying and Construction
Management of the Dublin Institute of Technology [11]-[13].
Since these first studies, the complexities of the application of
BIM to cultural heritage have been highlighted. In historical
buildings as opposed to new buildings, the transition to
parametric modelling requires the performance of an
architectural survey, the recognition and classification of
characteristic elements and recurring architectural typologies and
the interpretation of parts of the building that are not directly
visible or inspectable.

The transition from survey outputs to semantic models
requires much more time and skill in reconstructions of heritage
buildings than in traditional BIM [14]-[16]. Indeed, historical
architectures are commonly characterised by complex
geometries that are difficult to model: successive stratifications
resulting from different temporal states, anthropogenic
modifications and degradation or even loss of elements. In other
words, built heritage has heterogeneity in terms of both geometry
and semantics [17].
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Recurrent elements and morphological units thus need to be
identified and distinguished within this heterogeneity in terms of
form [18], [19] and terminology [20]-[22] in order to obtain
semantic representations. Consequently, it is common to refer to
classical architectural treatises [23]-[25] ot to the construction of
controlled vocabularies of cultural heritage [26], [27]. For the
case of H-BIM modelling, the result of the classification is the
construction of a parametric family made up of similar building
components [28], [29].

Different methods exist for the construction of the
parametric model based on the original point cloud. They can be
distinguished according to the respective degree of automation.

Most automated procedures are founded on the construction

of parametric surfaces on the basis of shape detection algorithms:
several studies have employed the RANSAC algorithm [30]-[33]
or other robust estimators derived from it [34]. Moreover, many
commercial software (e.g. Edgewise) or plug-ins directly
integrated in BIM platforms (e.g. scan-to-BIM and FARO) are
equipped with tools for the semi-automatic reconstruction of
walls and floors and, in some cases, for recognising the position
of the openings of the window elements.
Although semi-automatic labelling procedures have been given a
great deal of attention in research, they are currently only
applicable to the recognition of regular elements, such as slabs,
walls and ceilings. They are still difficult to apply in the case of
more complex architectural elements, which are often found in
historic buildings.

For this reason, the more widely used procedure in the field
of cultural heritage is the manual mapping of three-dimensional
geometries, starting from the point cloud: the construction of
parametric elements is predicted [17], [29] through reference to
historical and archival documentation and conceptual forms
contained in treatises or architectural vocabularies [35], [36].

The modelling is thus performed by manually tracing the
geometries on the point cloud [37]. This can be done directly on
BIM platforms, e.g. by importing the point cloud into Autodesk
Revit [5], [19], [38], [39] o, in the case of elements with more
complex geometry, by first moving to free-form modelling
software. In the latter situation, non-uniform rational basis
splines (NURBS) [39]-[41] or mesh models [17], [42] are created
externally and imported into a BIM environment at a later stage.
The use of mesh within BIM platforms, however, involves a
significant increase in file size and is less compatible with the
principles of BIM parametric modelling [38]-[39], which is why
this contribution focuses on modelling using NURBS.

Referring again to the diagram in Figure 1, the current
treatment of survey data, which includes segmentation and
classification of the point cloud, is not yet standardised and may
involve more or less automatic construction processes starting
from the dense point cloud. In any case, once the model has been
reconstructed, it can be enriched with qualitative information
pertaining to the knowledge and study of the asset, which can be
directly associated with 3D geometries [41].

In this context, the aim of the following contribution is to
present a possible approach to the data processing phase, with
the general objective of building a semantic model. For the
complex being studied, such a model should be able to contain,
within an overall BIM perspective, the different multi-temporal
data related to construction phases including transformations
and modifications, original and degraded status and past and
future maintenance or restoration interventions.

3. MATERIALS AND METHODS

3.1. A pilot case study

3D modelling for cultural heritage and scan-to-BIM
modelling techniques in particular require the application of
multidisciplinary knowledge for classifying, managing and
sharing information [41], [43].

In this section, this principle is illustrated with reference to a
pilot case study, which is that of the alteady mentioned Calci
Charterhouse, located on the slopes of Pisan mountains, a few
kilometres from the Italian city of Pisa in Tuscany. That
monumental complex has been the subject of an integrated
conservation and recovery plan funded by the University of Pisa,
which has involved many professionals in a variety of cognitive
studies and research activities.

The complex was founded in 1366 by Carthusian monks at
the behest of the Archbishop of Pisa, Francesco Moricotti.

Towards the end of the 16" century, some of the main rooms
were decorated and frescoed. The structure then underwent
changes and transformations during the 17t and 18t centuries,
with the restructuring of some areas and the creation of
additional decorations and frescoes.

The complex became state property in 1866 and was later
declared a national monument. Since 1972, the spaces of the
Charterhouse have housed both the Natural History Museum,
under the management of the University of Pisa, and the
National Museum belonging to the Tuscan Museal Pole, under
the direction of the Italian Ministry of Heritage and Cultural
Activities and Tourism (Ministero per i Beni e le Attivita Culturali e
per il Turismo) [44], [45].

Visiting the complex, it is possible to find the spaces that
remain from its ancient use, articulated according to the
principles of a monastic life: a large cloister overlooked by the
cells of the choir monks, built according to a modular scheme; a
church with a sacristy and chapels; a refectory; a guest house; a
chapter house with an adjoining cloister; the dormitory of the lay
brothers and adjoining spaces for agricultural activities and
manual work.

Due to the large size of the architectural complex, surveys
must be carried out using integrated acquisition techniques
(Section 3.2). The survey restitution is thus made on a larger or
smaller scale depending on the required level of detail and
representation.

Among the various environments surveyed, it is worth noting
the Grand Ducal Cloister, a large internal courtyard whose
construction began in 1614 under the direction of the architect
Matteo Nigetti, replacing a previous 14™ century cloister. For its
reconstruction, Nigetti was inspired by the principles defined in
the Sixth Book of the 16™ century treatise entitled The Idea of the
Universal Architecture, by Vincenzo Scamozzi [46].

The cloister has a cistern in the centre and is closed on four
sides. Along the closing perimeter, there is a walkway on the first
level, covered by cross vaults. The columns, surmounted by Ionic
capitals and resting on a continuous base, are made of pietra serena,
a typical grey sandstone widely used in Italy. The architecture of
the Grand Ducal Cloister, characterised by its classical style and
the repetition of typological and stylistic elements, makes it a
suitable case study for the creation of a parametric model as a
basis for semantic enrichment.

3.2. Integration of survey techniques

The survey campaigns were carried out by the Scientific and
Topographic Applications for Operative Survey (ASTRO)

ACTA IMEKO | www.imeko.org

March 2021 | Volume 10 | Number 1 | 100



Figure 2. Grand Ducal Cloister: portion of the laser-scanned point clouds.

laboratory of the University of Pisa and have been ongoing since
2013.

In these campaigns, integrated survey systems were needed to
restore the complexity of the architectural organism, with the
objective of providing the different groups involved in the study
and conservation activities with reliable and metrically correct
geometric information.

Together with traditional topographic surveys, laser scanning,
ground-based photogrammetry and indoor and outdoor drone
photogrammetry were applied. The vast size and scope of the
Charterhouse necessitated the use of these different techniques.

For a detailed description of the different types of survey
used, please refer to [47]; the choice of the type of technique
depended on the level of detail and restitution required, as well
as on the complexity of the environment to be surveyed. In
general, laser scanning enriched the ground measurements for
the accurate restitution of elevation walls, plans and sections of
the complex at 1:100 scale and of some significant portions at
1:50 scale (Figure 2 and Figure 3).

For the most valuable architectural and decorative elements
and for the frescoed walls, whose documentation required a
more detailed restitution scale, photogrammetric surveys were
performed. This made it possible to complement the geometric
precision of the laser scanner with the radiometric precision (in
terms of colour) of a photographic campaign (Figure 4 and
Figure 5).

Aerial photogrammetry using unmanned aerial vehicles was
undertaken to represent parts that were not directly visible or
inspectable, such as roofs, wells and underground tanks, as
previously described in [48], [49]. The different acquisitions were
all georeferenced with respect to a single reference system, called

Figure 3. Registration of laser-scanned point clouds for the area of the Grand
Ducal Cloister. Each sphere indicates a scan location.

Figure 4. Spatial resection of images on a 3D point cloud for the
photogrammetric processing of frescoed walls.

'Charterhouse reference system', which was set up through the
construction of a network of benchmarks [47].

The integrated use of surveying techniques made it possible
to create geometric and radiometric documentation of the
building components at different scales of representation that
can be used to provide information regarding:

- the current state, including the dimensions and

arrangement of architectural elements;

- the mapping of materials;

- the state of degradation, e.g. the extension and depth of

degradation mechanisms.

The above mentioned procedure of operative survey is of
paramount importance for the generation of 3D models that
could be used by many experts for the collection, archiving and
continuous updating of data related to the historical and
documentary analysis of cultural heritage objects.

3.3. Proposed methodology

The proposed methodological approach applies to buildings
whose structure can be reconducted to ideal and canonised
shapes, often by referring to architectural treatises or
construction rules.

The method simplifies the process of transforming survey
data into 3D informative models and is very effective when
recurring architectural elements are present.

It is based on the following steps:

1. Point cloud optimisation, including scan registration,

noise/obstacle removal and subsampling;

2. Semantic segmentation and classification performed

manually over the registered point cloud;

Figure 5. Photogrammetric survey of a frescoed room.
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3. NURBS-based modelling of typical and recurring
building components characterised by morphological
complexity;

4. Generation of a parametric model of the heritage object
in a BIM platform with NURBS-based elements
imported as mass components;

5. Semantic enrichment of the model, in which
documentary or analytical sources are connected to the
geometry of building components.

In steps 2 and 3, reference is usually made to architectural

treatises for element recognition, profile generation and shape

modelling.

In step 4, a NURBS-based reconstruction is used to bring the

identified repetitive typological elements back to their ideal

geometries. This approach offers several advantages for the
creation of parametric geometries and for the improvement of
the scan-to-BIM workflow:

- Elements can be created in a faster and more accurate
manner by making use of a free-form modelling software,
e.g. Rhinoceros, by Robert McNeel & Associates.

- In comparison with the mesh-based methods illustrated in
Section 2, a greater control over construction parameters
of the ideal geometry is ensured. In fact, the proposed
approach allows a direct conversion of the created elements
into parametric components that can be used in H-BIM
platforms with no loss of meaningful information.

- The different elements to be represented are modelled by
making reference to an ideal geometry, that is the one
defined by architectural treatises and building canons. This
ideal geometry is a benchmark for all other elements with
similar characteristics and is created through mathematical
relationships in a unique way: parameter specifications and
modelling commands are used to create the NURBS
elements. In contrast to mesh-based methods, each ideal

geometry can be easily managed, converted and integrated

in a unique way [50].
This systematic and mathematical approach to digital heritage,
based on the simplification of shapes and the reference to ideal
geometries, presents an advantage in the parametric logic of H-
BIM platforms, where series of smart objects, represented in 3D,
are enriched with a large amount of technical information, related
for example to geometry, materials, thickness, etc. [28], [40], [51].
The interoperability between NURBS modelling software and H-
BIM platforms has also been verified [50], [52].
The reference to ideal shapes makes it possible to describe similar
elements that are characterised by significant variations in terms
of conservation states, e.g. medieval capitals or severely decayed
and deformed architectural objects.
In such cases, the information on the different conservation
states can be attached to each single element to aid in the
reconstruction of disparity and displacement maps between
similar components [37].

3.4. Semantic segmentation and creation of parametric elements

The construction of semantically rich models from survey
data, as specified in Section 2, requires a rational process in which
the main building components are determined: in the multitude
of detected points in the raw cloud, it is necessary to distinguish
a finite number of parameters.

The methodological approach proposed in Section 3.3 is
illustrated hereafter with reference to the area of the Grand
Ducal Cloister of the Charterhouse.

The laser scanning surveys of the area were used to
demonstrate the suitability of the approach following the
completion of the scan registration, point cloud subsampling and
cleaning (including the removal of obstacles and disturbing
elements). A video showing the original point cloud that was
used for the creation of the parametric model is available at [53].

Shed roof
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3D point cloud

Figure 6. Semantic segmentation of the 3D point cloud.
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The case study is emblematic since the cloister has an
architectural scheme that is common in religious complexes: it is
made up of an open space, square or rectangular in shape,
surrounded by vaulted corridors that open onto the central void
with a series of arches and colonnades.

It is therefore an area of the building characterised by the
recurrence of basic elements, with typological characters, shapes
and construction details intrinsically bound up with each other.

In our case, for the recognition of the components, reference
was made to architectural treatises and in particular to the already
mentioned treatise The Idea of the Universal Architecture, by
Vincenzo Scamozzi [46], which inspired the original design of
the cloister.

With reference to the classification and proportions of the
architectural orders illustrated by Scamozzi, a manual semantic
segmentation of the point cloud was performed.

The identification and recognition of the main components
thus followed the classification illustrated in Figure 6. Using this
approach to the segmentation and subsequent classification of
the cloud, each identified element could be modelled separately
as a single building component.

To parametrically reconstruct the classified typological
elements, the steps are:

1. the creation of NURBS surfaces, mapped on the original

point cloud;

2. the adoption of these surfaces as modelling components

in BIM-based software.

The use of NURBS surfaces is of fundamental importance
since it simplifies the reconstruction process: once the profile of
the architectural component has been manually traced over the
point cloud (with reference to the canons of architectural
treatises) the sutface can be built by extrusion, loft, revolution or
sweep along this profile, as illustrated in Figure 7 for a column
shaft.

The construction process was performed via the software
Rhinoceros and its integrated graphical algorithm editor
Grasshopper.

Figure 8 shows the NURBS surfaces for the base and the
Tonic capital of the column.

J

P

ins |
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COLUMN - SHAFT

Figure 7. Creation of the column shaft by means of a loft operation applied
to circular surfaces with the centre located on the shaft axis.

The volutes of the Ionic capital were reconstructed by
following the procedure illustrated by the 16th century architect
Andrea Palladio in his treatise The Four Books of Architecture [54].

Complex-shaped building components were created as
NURBS elements in a Rhinoceros environment and were only
later imported into the BIM platform Revit, using the Standard
ACIS Text (.SAT) extension. The creation of a SAT format file
made it possible to use the created geometry as a mass
component in the BIM environment, thus making it possible to
perform other calculations and cuts over the imported 3D
element.

Using this procedure, it was possible to reconstruct a
georeferenced H-BIM model that presents the conceptual and
parametric forms of the Grand Ducal Cloister’s building
components.

In the 3D model, typological and recurring elements were
originally represented in Rhinoceros, using NURBS modelling,
and then imported to Revit.

Reference to architectural treatises enabled the reconstruction
of those specific elements following a univocal procedure with
established proportions and shapes, regardless of which person
built the parametric component. The model thus constructed, as
displayed in Figure 9, provides the basis for the insertion of
semantic information, i.e. documentary and analytical knowledge
about the heritage asset.

3.5. Information storage and update

An information system based on the approach to 3D
reconstruction described in Section 3.4 is built in a BIM
environment to manage both the geometry and the semantics of
the Grand Ducal Cloister.

The process is based on the connections between the
parametric 3D representation of the building and the
heterogeneous data derived from documentary and analytical
sources (such as shape and dimensions and metric information).

As for studies of the materials, the state of deterioration or
possible interventions, a shared and univocal model of data
insertion within the 3D model could be applied.

The proposed scheme is illustrated in Figure 10: information
on ‘material’, ‘state of degradation’, ‘diagnosis’ and type of
performed or needed ‘intervention’ is associated with each
typological element.

Also, references to ‘documentary sources’, provided in the
form of text files or images, can be linked to the element through
the connection to a directory.

Following the same principle, the external 3D survey files that
were initially used for the construction of the parametric forms
can be linked to the model using the ‘data acquisition’ toolbox.
All of the toolboxes are implemented in the Revit platform as
project parameters.

Thus, the semantic structuring can take place in two distinct
ways: the information can simply be linked to the individual
building components, or, in a more refined process, it can be
connected to only a part of a component (Figure 11).

In the first case, the information is simply associated with a
certain element in its totality; in the second case, however, the
semantic data does not concern the whole element, but only a
part of it. This happens, for example, in cases in which it is
helpful to define a detailed map or annotate local characters, e.g.
a phenomenon of superficial degradation that is not present
along the whole extension of the element but concerns only a
certain section.
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In this situation, the annotation is inserted by means of a trick:
reference is made to the construction of a mass component
representing the degradation along the surface of the element.
This operation is performed directly on Revit and makes it
possible to map 3D information onto the model.

The database setting is structured in such a way that it is
always possible to retrieve information about:

- the professional or scholar who entered the annotation;

- the time the information was entered,;

- the period to which the information refers.

With this expedient, the different temporal states of
construction and evolution of the model can also be displayed.
The information system thus built, if customised according to
the heritage building’s needs, allows for the management,
recovery and updating of metric and semantic data.

In other words, multiple representations and their associated
information can be organised around the same semantic
description model. In the future, cross-referencing capabilities
are expected to improve, making it possible to establish
correlations  between levels of information, e.g. between
materials and degradation status, decay level and improper
interventions or diagnosis and repair and restoration
interventions.

The digitally enriched model is flexible and dynamic: the
semantic base can be upgraded if new information of a different
nature or from another research domain needs to be added.

For instance, the envisaged future work on correlation queries
or even mechanical or physicochemical properties of a material
linked to a typological element may require the database entries
to be updated by entering additional fields and tags onto the
database structure.

Different levels of database access and permissions (entry,
modification of a field, read-only access, entry verification) are
assigned to the different actors involved, based on their
respective roles and responsibilities.

This ensures greater control over the information entry and
also makes it possible to keep track of the person who has
modified, updated or added certain information within the 3D
model.

Further advantages of the proposed approach include:

- the ability to track the time of updates and thus describe

the evolution of a given annotation over time;

- information overlay, meaning the ability to handle
multiple levels of information. Different temporal states,
for instance, can be displayed over the same 3D
representation. In  this multilayer information
management system, it is also possible to overlap surface

(local  components) with  volume
annotations  (global components, describing a
parametric element in its entirety).

- Despite the huge potential of this information system, it
is worth noting that the insertion of surface-type
annotations within BIM platforms remains cumbersome
and time consuming, especially when compared to the
insertion of volume-type annotations. In addition, BIM
commercial platforms were originally designed for new
constructions, and their application to cultural heritage
is still limited. Such platforms typically allow the
performance of volume-type annotations and are not
designed to manage local annotations on the elements.
The inclusion of localised information within a certain
parametric component, which is necessary for the
analysis of existing structures, is still required.

annotations

Reference to architectural treatises

VT

‘lf'— lr

Sl

A. Palladio V. Scamozzi

Manual mapping of parametric shapes on the point cloud

COLUMN - CAPITAL

COLUMN - BASEMENT

Figure 8. Generation of capital and base elements of the column via NURBS.
The modelling phase was guided by reference to architectural treatises, [55].
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Figure 9. Recognition of ideal shapes over the point cloud for the creation of the 3D model.
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Indeed, limitations in the overlay of surface and volumetric
annotations, in terms of file size, response time, functionality of
the model, etc., have not yet been fully assessed in the current
state of the research. These aspects are under study, and they will
be the subject of future publications.

Further developments of information modelling systems to
support cultural heritage documentation should therefore aim at
improving the system’s ability to handle local annotations to
describe e.g. a degraded part, the change or loss of material, or a
decorated element.

4. CONCLUSIONS AND FUTURE WORK

Heritage studies involve a plurality of actors and resources
and produce multiple and heterogeneous data sets. This leads to
a broad range of disparate information and knowledge.

To sort the different information in a logical way, it is
increasingly essential to create digital systems localised within a
3D representation of the object of study in which different types
of data can be entered, stored and displayed. This approach
combines the acquisition, restitution and documentation phases
of heritage studies.

With the creation of semantically enriched 3D models, the
qualitative information derived from studies of cultural heritage
objects can be combined with quantitative information linked to
the geometry of the represented elements and to their reciprocal
spatial relations.

To digitally represent heritage objects, however, a logical
process of segmenting and classifying the existing elements is
required. In Pisa Charterhouse, the size of the complex itself and
the presence of multidisciplinary teams were the factors that
determined the urgency of creating a shared system of
information management and archiving.

Tackling these issues, this contribution presents a method of
manual segmentation and classification starting from the raw 3D
survey data. The method is based on the study of architectural
canons and on the use of NURBS surfaces for the modelling of
complex building components. The final goal is the
reconstruction of an enriched 3D model, where information
related to the knowledge, maintenance and recovery of the
heritage building is suitably stored in a 3D digital environment.

The presented approach uses a manual reconstruction of the
components over the point cloud and the subsequent
importation and handling of the geometries in an H-BIM
environment. Future developments follow the automation
approach of the scan-to-BIM process via shape recognition
algorithms.

An interesting possible application could integrate modern
machine learning and deep learning techniques in order to
automate the classification of recurrent geometric elements and
repetitive building components.

Although these techniques are already widely used in the
geospatial field, only a few studies refer to their application in the
cultural heritage sector [56], [57].

The implementation of such technologies could greatly aid in
the construction of semantic models from laser scanning or
photogrammetric survey data and improve the implementation
of H-BIM processes.
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