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Beyond the lines. Graphics and its uses. 

Validation of geometric data in HBIM implementation processes of 
Romanesque churches in Sardinia  

Carlo Biagini; Andrea Bongini; Paolo Ottobri; Giorgio Verdiani 

DIDA – Scuola di Architettura, Università degli Studi di Firenze 

Abstract 
The implementation of BIM methodologies for historical buildings presupposes not only the collection of data and information related to its 

geometric configuration and to the technical parameters of its constituent elements, but more generally the identification of those semantic values which 
make it part of the historical-cultural heritage shared in a specific context. It is therefore essential that the modelling objectives are explicitly defined in 
relation to the specific BIM uses required, in order to avoid risks of over-modelling.  

This paper proposes a process of geometric validation of building information models of high morphological complexity implemented through 
Scan-to-BIM procedures. By means of a controlled and interoperable workflow, a chain of software applications is defined that is able to determine 
the level of geometric accuracy (LOA) of the information model with respect to the numerical model derived from the point cloud. Two case studies of 
H-BIM modelling of historical monumental complexes dating back to the Romanesque period in Sardinia (Italy) are illustrated: the churches of 
Sant'Efisio a Nora (Cagliari) and Santa Maria del Regno (Sassari). In the discussion of the results, the need for a prior definition of modelling 
strategies in relation to the expected BIM uses is highlighted. 

Keywords  
HBIM, Cultural Heritage, Point Cloud, LOD, LOA 

Fig. 1. Pastorelli E., Gabrielli L., Riccio S., Ricotti E., H-BIM of the Church of Santa Maria del Regno and deviation map, 2019. 
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1. Introduction

The implementation of BIM methodologies for
historical buildings - HBIM (Murphy, McGovern & Pavia, 
2013) - is characterised by its start point, which always 
occurs at an advanced stage of the life cycle of the 
architectural asset and presupposes not only the collection 
of data and information related to its geometric 
configuration and the technical parameters of its 
constituent elements, but more generally the identification 
of those semantic values, which make it part of the 
historical-cultural heritage shared in a specific context 
(Volk, Stengel & Schulmann, 2014).  

Therefore, in order to proceed smoothly for an 
informative modelling process of existing buildings, 
following an effective workflow, it is essential that 
modelling objectives are explicitly defined in relation to the 
specific BIM Uses required. This avoids the risk of over-
modelling and creates a lean model that contains only the 
information need for the intended use. The information 
content of a model and its components are defined by the 
LODs (Levels of Development), which is divided into level 
of graphical detail (LOG) and level of information detail 
(LOI). 

2. State of art

According to Historic England, 3D geo-spatial data
derived from surveys based on laser scanner techniques 
offer many advantages over traditional approaches. 
Brookes (2017, pp. 21-22) reports a classification of the 
most frequently used survey techniques according to their 
cost, acquisition range and accuracy. 

Despite recent developments in automation processes 
(Banfi, 2017), it must be considered that the reconstruction 
of a building geometry from a point cloud is still largely 
based on manual operations and the quality of the model 
thus comes to rely on the skills of the operator (Macher et 
al., 2014). This necessarily implies the introduction of a 
level of simplification of the information model with 
respect to the numerical model of the point cloud, i.e. an 
error, which has to be specified from the beginning of the 
process. 

In these cases we are helped by the modelling 
tolerance, i.e. the accuracy with which the model "comes 

close" to the building scan (this can vary depending on the 
areas and components of the model). 

In fact, in the "USIBD Level of Accuracy (LOA) 
Specification Guide" (2016) we find the term Level of 
Accuracy (LOA), which can be applied to both the 
traditional survey and the information model. Through a 
classification in which each level corresponds to a range of 
values, the level of reliability of a represented/modelled 
object is evaluated and the appropriate level for the 
individual building elements is defined.  

In the text "Common BIM Requirements - Series 2: 
Modeling of the starting situation" (2012), although it refers 
more to modern than to historical buildings, it is found a 
distinction of the data acquisition techniques in three levels 
of accuracy, with values related to the measurement error 
admissible with the various acquisition techniques and the 
definition of an Accuracy Levels, i.e. the levels of accuracy 
of a BIM model with respect to geo-spatial data 

3. Metodology

Starting from the analysis of some researches that have 
dealt with the application of BIM methodology to historical 
buildings (Del Giudice et al., 2017; Quattrini et al., 2015; 
Santoni et al., 2015; Scianna, Gaglio, La Guardia, 2018), a 
methodology was developed by the authors for the 
management of implementation processes of information 
models of historic buildings from point clouds (fig. 2), i.e. 
through Scan-to-BIM procedures. The registration of the 
scans and the selection of the points was carried out with 
the software ReCap. The point cloud was then exported in 
.rcp format and linked within the proprietary modelling 
software Autodesk Revit. Based on this, the three-
dimensional model of the building was recreated starting 
from its main geometries and then moving on to the 
insertion of parametric families. 

The creation of the architectural objects BOMs 
(Biagini & Donato, 2014) was the most complex step; in 
fact, the authoring software does not allow the direct 
import of the point cloud within the project of a family (.rfa 
format). To solve this problem, the open source software 
CloudCompare was used, which allows to create a region 
of the point cloud, imported in .e57 format, and to export 
it in .dxf format, which is the only format readable within a 

Fig. 2. Workflow 
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Revit family. 
In order to verify that the modelling had been carried 

out within the required accuracy range, a validation of the 
model was carried out with respect to the starting point 
cloud. For this comparison, the CloudCompare software 
was used, which allows the creation of deviation maps 
between the points of the numerical model and the 
geometry of the information model. The point cloud can 
be imported, as already mentioned, in .e57 format, while 
the geometric model can be exported from Revit, through 
a special plug-in, in .stl format (format interoperable with 
CloudCompare); this step represents a critical moment of 
the entire process since in some cases it can lead to loss of 
geometric data (especially in the case of generic models)  or 
reference coordinates. This problem has been solved with 
an alternative process, which involves exporting from Revit 
in .fbx format, opening the file in the open source software 
Blender and exporting it in .stl format. In this way, the 
resulting model will contain the reference coordinates and 
geometric information need for importing into 
CloudCompare and overlaying with the point cloud. This 
validation was carried out not only for the overall model 
but also for individual architectural elements such as walls 
or floors. This allows a better control of the irregularities 
present or due to simplifications in the modelling phase. 
The validation was also carried out at the level of the single 
family, so that a descriptive parameter of the relative level 
of accuracy could be evaluated for each of them. 

3.1 Case studies 

In the present work, two monumental architectural 
complexes with high geometric complexity, dating back to 
the Romanesque period in Sardinia, were analyzed: the 
Church of Sant'Efisio in Nora (Cagliari) and the Church of 
Santa Maria del Regno (Sassari). 

The modelling of the first building involved the 
restitution of all the architectural components including the 
liturgical furnishings inside. The validation process of the 
entire model showed a deviation between point cloud and 
geometric model of less than 8 cm for 85% of the analyzed 
points (fig. 3). This result is quite high, but a more precise 

analysis shows that the greatest deviations are due to the 
presence of both internal and external disturbance 
elements. For a more precise evaluation, the model 
elements were subsequently taken out of context and 
returned results of less than 5 cm. 
The second building, on the other hand, has a wider nave 
and a greater number of complex architectural elements, 
which required ad hoc modelling as they were not available 
in the standard libraries of the authoring software. In this 
case too, a validation of the model was carried out both for 
the building as a whole and for individual elements (fig. 4). 

4. Conclusioni

The proposed validation methodology of the
information models makes it possible to verify the 
reliability of the geometric information contained in them 
by means of a direct comparison with the numerical model 
derived from the point cloud acquired by scanning survey. 

In this way, the geometric development level (LOG) 
characteristic of a specific development level (LOD) of the 
information model can be attributed with high precision.  

The irregularity of the surfaces in these particular 
architectures (stone degradation, out of plumb of the 
vertical structures, etc.) and the presence of occluding 
vegetation represent the main causes of the peaks of 
deviation between the information model and the 
numerical model.  

In particular, the requests to reach development levels 
higher than LOD C, will have to be carefully evaluated in 
the context of global strategies of informative modelling in 
relation to the expected BIM Uses. 

Bibliography 
Antonopoulou, S. (2017). ‘BIM for Heritage: 

Developing a Historic Building Information Model’. 
Swindon. Historic England 

Banfi, F. (2017) ‘BIM orientation: Grades of 
generation and information for different type of analysis 
and management process’, International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information Sciences - 
ISPRS Archives, 42(2W5), pp. 57–64 

Fig. 3. Siddi V., Sant'Efisio Church 3D model and validation using Cloud Compare, 2019. 

591



XIX International Conference EGA 2022 UPCT, June 2022 

Biagini, C. and Donato, V. (2014) ‘Building Object 
Models (BOMs) for the documentation of historical 
building heritage’, EGraFIA 2014: Revisiones del futuro, 
Previsiones del pasado. V Congreso Internacional de Expresión Grá 
ca en Ingeniería, Arquitectura y Carreras A nes y XI Congreso 
Nacional de Profesores de Expresión Grá ca en Ingeniería, 
Arquitectura y Carreras A, (January 2014) 

Brookes, C. (2017), The Application of BIM within a 
Heritage Science Context, Historic England 

CoBIM 2012 - Common BIM Requirements, v 1.0 
Del Giudice, M., Lingua, A. and Matrone, F. (2017) 
‘Rilevamento metrico 3D e modellazione H-BIM per la 
manutenzione programmata del patrimonio architettonico’, 
pp. 357–364 

Macher, H., Landes, T., Grussenmeyer, P., & Alby, E. 
(2014). Semi-automatic Segmentation and Modelling from Point 
Clouds towards Historical Building Information Modelling 

Murphy, M., McGovern, E. and Pavia, S. (2013) 
‘Historic Building Information Modelling - Adding 
intelligence to laser and image based surveys of European 
classical architecture’, ISPRS Journal of Photogrammetry and 
Remote Sensing, 76, pp. 89–102 

Quattrini, R. et al. (2015) ‘From tls to hbim. high 
quality semantically-aware 3d modeling of complex 
architecture’, International Archives of the Photogrammetry, 
Remote Sensing and Spatial Information Sciences - ISPRS Archives, 
40(5W4), pp. 367–374 

Scianna, A. et al. (2018) ‘Acquisizione E Gestione Dei 
Dati Negli Edifici Storici : Dal Rilievo Alla Costruzione Del 
Modello Hbim - Acquisition and Management of Historical 
Buildings Data : From Survey To the Construction of the 
Hbim Model’, Bollettino SIFET n° 4 

U.S. Institute of Building Documentation (2016) 
‘USIBD Level of Accuracy (LOA) Specification Guide’ 

UNI 11337-4 Edilizia e opere di ingegneria civile 
Gestione digitale dei processi informativi delle costruzioni 
Parte 4: Evoluzione e sviluppo informativo di modelli, 
elaborati e oggetti  

Volk, R., Stengel, J., & Schultmann, F. (2014). Building 
Information Modeling (BIM) for existing buildings - 
Literature review and future needs. Automation in 
Construction, 38, 109–127 

Biographical data of the Authors 

Carlo Biagini (1963) 
DIDA – Università di Firenze (I) 
carlo.biagini@unifi.it 
He is Associate Professor of Architectural and 

Technical Drawing at the Department of Architecture, 
University of Florence; he is Coordinator of 2nd Level 
Specializing Master in "BIM for management of 
collaborative design processes in the new and existing 
building" and head of the Building Information Modeling 
Laboratory (LIA-BIM). He carries out research activities on 
the fields of Architectural Representation, Building Surveys 
and Building Information Modeling. 

Andrea Bongini (1995) 
DIDA – Università di Firenze (I) 
andrea.bongini@unifi.it 
He graduated in Building Engineering at University of 

Florence in 2020. Currently he is working as research fellow 
at the Departement of Architecture. 

Paolo Ottobri (1989) 
Building Engineering professional 
paoloottobri@gmail.com 
He graduated in Building Engineering at University of 

Florence in 2016. Currently he is BIM manager and 
consultant for several engineering firms and teaching tutor 
of the Architectural Drawing course at the School of 
Engineering, University of Florence. 

Giorgio Verdiani (1968) 
DIDA – Università di Firenze (I) 
giorgio.verdiani@unifi.it 
He is Researcher and later Associate Professor at the 

Department of Architecture since 2006. Starting from 2000 
he had classes at the University of Florence and for other 
institutions. PhD in 2004. Since 2006 he is active in various 
international conferences about Cultural Heritage and 
Digital Media. Coordinator of the DIDALABS system at 
his Department in 2013-2021, Coordinator of the 
"eXtended Realities Laboratory (DIDA-LXR) since 2019. 

Acknowledgements 

The digital survey was carried out as a part of the 
research project titled, “The Romanesque and the territory. 
Construction materials of the Sardegna Giudicale”, and 
coordinated by prof. Stefano Columbu. The BIM model 
was developed by a students’ team as part of the teaching 
activities of the Architectural Drawing course at the School 
of Engineering, University of Florence. The imagines are 
extracted from the drawings of the students, Valeria Siddi, 
Elena Pastorelli, Liuba Gabrielli, Simone Riccio, Elisa 
Ricotti. 

Fig. 4. Pastorelli E., Gabrielli L., Riccio S., Ricotti E., Modelling process of the Church of Santa Maria del Regno, 2019. 

592




