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SCAN-TO-MESHBIM: IMPLEMENTING
KNOWLEDGE ABOUT HISTORICAL
VAULTED CEILINGS WITH OPEN TOOLS

Abstract

Accurate three-dimensional (3D) models for Heritage Building Informa-
tion Modeling (HBIM) remain a significant challenge. This paper pro-
poses a methodology that combines the Poisson Surface Reconstruction
(PSR) technique with open-source management software to address this
issue. The methodology uses automatically generated mesh models to
produce reality-based 3D models of historical buildings. These models
are enriched with geometric and semantic parameters according to BIM
standards. The resulting methodology, Scan to MesHBIM, is an open 3D
interface allowing experts to analyze and create a detailed set of properties
adhering to construction rules.

To test the workflow, we selected two case studies of different vaulting
types: the Renaissance barrel vault with cloister heads and lunettes from
the Ducal Palace in Urbino (Italy) and the Gothic ribbed vault from St.
André Cathedral in Bourdeaux (France). The use of implicit surfaces
proved to be an efficient means for obtaining accurate 3D objects; then,
the enrichment of the 3D models ensures a better understanding and more
in-depth management in the field of Cultural Heritage (CH).

Keywords

Automatic surface reconstruction, HBIM, Historical vaulted system, Pois-
son, 3D mesh.

1. CHALLENGES OF HBIM METHODOLOGY
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The use of Building Information Modeling (BIM) meth-
odology within the frame of cultural heritage (HBIM)
offers several advantages for enhancing the knowledge,
conservation, and management of cultural assets [1].
There is a significant challenge related to the model-
ing process regarding historical buildings. Despite ad-
vancements in data acquisition techniques, such as dig-
ital photogrammetry or terrestrial laser scanning, which
have improved the digitalization of historical buildings,
complex architectural elements still pose a significant
challenge in three-dimensional (3D) representation. It is
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well known that point clouds obtained with the above-
mentioned techniques offer a geometric support that
facilitates both the 3D modeling and the generation of
two-dimensional (2D) architectural drawings. Howev-
er, the creation of accurate 3D reality-based models is
significantly complicated by two characteristics: firstly,
the use of non-standardized construction elements, and
secondly, the existence of distortions in the structural
elements. When a high accuracy level is required for
the parametric 3D model, considerable time is needed
to build up each element with all its singularities and
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shape deviations. Thus, a balance between the demand-
ing modeling process and the reduction of the accuracy
level is necessary to achieve an optimal 3D model repre-
sentation. The pursuit of novel modeling strategies that
maintain a proper accuracy level while minimizing the
efforts required to obtain 3D models remains essential
for the implementation of HBIM methodology.

Although successful workflows regarding HBIM are
available in the literature [2], most of them are based on
proprietary authoring software, and a lack of shared stan-
dards for analysis and management is still noticeable. In
developing HBIM objects, semantic segmentation of
point clouds plays a pivotal role. Scan-to-BIM work-
flows, which are prevalent, generate parametric models
grounded in reality and enriched with semantic knowl-
edge. These models are crafted through multiple inter-
pretation phases, employing solid or geometric surfaces
based on the initial point cloud data.

A part of the debate, thus, contributes to automatizing
some steps, speeding up procedures, and preserving data
accuracy. In this line, the Poisson Surface Reconstruction
(PSR) algorithm provides a fast and accurate workflow
for the automatic generation of meshes from segmented
points cloud and the reconstruction of complex geome-
tries. Our research is focused on the automated gener-
ation of triangular meshes that preserve the geometric
features of each element in historical buildings, enabling
their use in an HBIM open environment. This novel ap-
proach is named Scan-to-MesHBIM.

According to the paradigm of object-based parametric
modeling, the traditional Scan-To-BIM approaches are
based on families generated in authoring software. Our
approach enriches the detailed meshes with parameters
and data related to the constructive and typological rules,
making architectural objects semantically aware. The
main contribution of the paper can be synthesized in a
quite new method for carrying out reality-based models,
automatically exploiting the meshes obtained from laser
scanner data, semantically organized, and enriched via In-
ternational Foundation Classes (IFC) management. Addi-
tionally, our Scan-to-MesHBIM approach involves open-
source tools. The method is assessed in HBIM analysis of
vaulted systems, including components such as lunettes,

ribs, and decorative elements, which are considered fun-
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damental parts of architectural complexes but have not
yet been addressed with a sufficient level of detail.

Our research aims to improve the 3D modeling pro-
cess for historical buildings, enabling their effective use
within native IFC environments such as Bonsai, the for-
mer BlenderBIM add-on [3]. The paper is organized as
follows. A literature review is shown in Section 2 with
a specific focus on the 3D meshing step, comparing the
definition of implicit and explicit surfaces. Section 3
briefly describes the two case studies, followed by the
presentation of the available points of cloud data. At the
same time, the main paragraphs related to the methodol-
ogy are the automatic surface reconstruction phase (Sec-
tion 3.2) and the proper Scan-to-MesHBIM procedure
(Section 3.3). Results with different kinds of explanation
and discussion about IFC classes and obtained LOD and
analysis carried out are presented in Section 4, followed

by the future works in Section 5.

2. LITERATURE REVIEW

The 3D digitization of built heritage is considered a
pivotal phase in management and analysis but also for
planning interventions: dense points cloud and high-res-
olution digital images can currently provide information
for assessment of the state of conservation and risk of
historical buildings [4, 5]. Photogrammetry can support
the assessment of damages through 3D surface analysis
and quantitative evaluation, as well as data about cracks,
lack, and erosion on envelope surfaces through digital
image processing [6].

The relatively new paradigm of HBIM shows extraor-
dinary potential for the restoration process, especially if
connected to cognitive automation. Some authors intro-
duced different perspectives on HBIM modeling, with
diagnosis and performance assessment as key aspects [7].
Others developed a “reverse engineering” approach for
creating HBIM models of existing buildings, a watershed
moment in its management. This method simplifies and
organizes the information needed to preserve the existing
architectural heritage while utilizing available resources
[8]. Some works explored the accuracy of three-dimen-
sional objects, such as vault systems, in terms of geomet-

rical data, decay, and historical or stratigraphical analy-
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Fig. 3. HBIM proposal methodology. Ontology and IFC schema used for the Urbino Ducal Palace case study are integrated within the documen-
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Fig. 4. 2D traditional analysis integration into an HBIM environment: the 3D model with a detailed IFC ontology application is associated with

general ifcPropertySets.

in 2D. As a result, the Ducal Palace vault model is rep-
resented by its current irregular shape since they don’t
follow ideal circumferences or ovals (Fig. 4).

On the other hand, the Saint André case study has
been carried out with specific attention to experiencing
the benefits that 3D analysis can offer to CH experts.
Specifically, the distorted geometry of the vaults was pre-
served when creating the HBIM model, and the simplifi-
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cation that is almost always needed in the Scan-to-BIM
traditional process was avoided. Even so, the design of
the ribs has been analyzed using the current geometry of
the net in its horizontal projection (Fig. 5) and the ele-
vations of the ribs (Fig. 6). Such data is included in the
model itself thanks to its high accuracy, and they can be
detected and represented in the 2D projections (both in
the horizontal one and in the elevations). As mentioned
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Fig. 5. St. André Cathedral HBIM project. Left: ifcPropertySets related to general and specific analysis. Right: the ceiling plan view (intrados) with
a geometrical analysis of the tracing and location of the ribs and keystones.
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Fig. 6. 3D analysis of Saint André Cathedral: (a) 3D general view with the analyzed tierceron highlighted, (b) elevation view with the curvature
analysis of such rib, and (c) tailored property sets of the same architectural element.

before, it is quite relevant when analyzing the geometric
configuration of the ribs and the structural behavior of
the entire vault. For this purpose, it is mandatory not to
simplify the current geometry of the vault when creating
the HBIM model.

The training datasets selected in both cases, Ducal
Palace of Urbino and St. André, are satisfactorily en-
riched for the 3D documentation and analysis in a BIM
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environment. The effort to preserve geometrical fea-
tures in both buildings deals with the assumption that
LOI and LOG obtained are proportional to LOD and
each other. Following these achievements, Table 2 sum-
marizes the entire process and results. In conclusion,
this procedure is not focused on saving work time but
on preserving the geometric information of the model.
This point is critical within the restoration and conser-
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vation projects of historic buildings, where accurate
data on the 3D objects (including their non-simplified
dimensions and the possible distortions and structural

movements) are essential.

Parameters Values Description of parameters

Processing a b

TMS (hours) 2 4 | Time required for manual segmenta-
tion

Relative SF 6.25 | 8.80 | Range of relative density as SF

TPSR+t (hours) | 0.45| 1.5 | Time required for Automatic surface
reconstruction and texturing

Output a-b

LOD 350 Defines the Level of Development of
the BIM model components

LOI 400 Describes the Level of Information
attached to a component in a BIM
model

LOG 350 Establishes the Level of Geometric
detail of the BIM model

Tab. 2. Processing and output parameters established for the HBIM
project of a Historical Vaulted System. Urbino Ducal Palace (a) and
Saint André Cathedral (b).

Our approach implies a significant change compared
to emerged workflows in which the point cloud is used
as a reference for parametric models [29]. The work pre-
sented in [30] established a preliminary HBIM phase for
restoration planning, and in [31] the potential of decay
representation has been leveraged, demonstrating dif-

ferent levels of documentation and management. In our

e-ISSN 2421-4574

case, the taxonomy was managed for a significant part
of the architectural hierarchical structure, and the final
goal of the 3D documentation analysis was attained. Up
to date, no workflows have been tested to study the ty-
pological features, analyze geometry, and infer the struc-
tural knowledge of architectural heritage with the same
Level of Development. The main advantages of our
methodology are the following: a) the use of open access
tool in an HBIM environment, b) an efficient manage-
ment of optimized surface confidence (related to LOG)
for complex geometries, c) the possibility to perform 3D
analysis for different purposes and d) the readability of
colorimetric features thanks to the preserved textures in
IFC format. Within this, Figure 7 proposes a comparison

with the Scan-to-BIM available workflows.

5. FUTURE WORKS

This research has demonstrated the potential of using
implicit surfaces in HBIM environments for data enrich-
ment, especially with high accuracy and without extra
working time. Within geometrical and typological anal-
ysis already integrated, these HBIM projects tackle the
improvement of specific analysis, such as identifying
their historical and construction stages or studying their
structural behavior, to establish a higher LOI. In this
way, further works are being developed to implement the
stratigraphic information obtained thanks to the meth-
odology of the Archaeology of Architecture, that is, the

0 a { 3 { B
Scan-to-BIM .L METHODOLOGY ; ]l Scan-to-MesHBIM

understanding process / o optimization process |

Comprehensive geometric it Different R 3D meshing process via PSR

design Approaches algorithm i

simplicity T accuracy |

_ AN / : : o

Ideal geometry, abstraction Reality-based, irregularities |

Low poly, explicit surfaces <~ - High poly, implicit surfaces |

geometrical model 7 \L N\ realistic model

Shape and geometry view 4 Py g Both texture and material |

with material associated \'\_\_ yd view associated

Fig. 7. Comparison of the current widespread Scan-To-BIM workflows and our procedure.
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data regarding the construction sequence of the several
parts of the building. This approach is being implement-
ed in the case study of the Basilica of San Isidoro (Leodn,
Spain), which has a rich and long sequence of buildings
and transformations that dates back to the Middle Ages
until the 20th century. Thus, we expect to create a mod-
el using the proposed Scan-to-MesHBIM methodology
that automatizes the analysis and data enrichment of the
whole data set related to its historical sequence.
Besides, these works allow us to make HBIM mod-
els consistent with their rules and complexity, thus im-
plementing workflows that support the conservation
and management of built heritage. In the case of other
specifications, such as Level of Accuracy (LoA), future
efforts should be focused on formulating a specific defi-
nition for Cultural Heritage, as the current specifica-
tion is mainly centered on new construction parameters
that require utterly different accuracy commitments.
While IFC 4 enables the representation of vaulted sys-
tems through different IfcElements, several limitations
are overlooked. For this reason, developing a new IFC
specific to vault systems appears helpful in the context
of HBIM methodology for better knowledge, conser-
vation, and management of historical buildings. This
necessity entails editing the IFC schema to develop
new standards and classifications, thus implying a more
extensive comparison with existing taxonomies and vo-

cabularies.
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