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This paper explores the applicability of different methods to construct a Building information System Model
(BIM) from 2D plans and, more specifically, cadastral plans. The explored procedures use three different
approaches to build BIMs: one manual, one semi-automatic based on Rhinoceros/Grasshopper, and one
based on Artificial Intelligence (Al). To analyse the performance of the three methods, the case study of a
masonry building located in an Italian historic centre is used. The fastest is the Al-based method, although
it has some limitations in automatic recognition of some objects. This latter aspect was further explored
by analysing a very large dataset of cadastral plans. The results show good recognition of wall elements,
but problems arise in the recognition of other elements, such as doors and windows. The manual method,
on the other hand, allowed for the construction of a detailed model of the considered structure. However,
the method requires strong user interaction and longer time frames than the Al-based method. The semi-
automatic based method requires quite a lot of pre-processing but through an algorithm in Grasshopper a
fast and detailed modelling of the structure is obtained. The paper also outlines future scenarios for the full
exploitation of cadastral data.

Keywords: 2D plans; BIM; cadastre; Al; Rhinoceros/Grasshopper; accuracy.

The construction of semantic 3D models of cadastral property is one of the cogent research top-
ics in different countries (Pedrinis and Gesquiére, 2017). To obtain a digital transformation of the
existing building stock, each country tries to identify methods and criteria for the construction
of an updated cadastral database based on 3DGIS-Geographic Information System or Building
information System - BIM (Oksana et al,, 2019; Andrianesi et al., 2020). The digital model, previ-
ously considered exclusively vector-based, particularly if two- dimensional, is increasingly taking
three-dimensional connotations, so that the use of BIM models becomes almost indispensable.
BIM contains accurate geometric data and building information, which can support the manage-
ment of land and property information in large buildings (Atazadeh et al., 2017). In recent years,
the construction of a three-dimensional (3D) cadastre has become worldwide need to overcome
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the limitations of the 2D approach and the fact that the legal boundaries of parcels of land used for
registering legal status are usually fixed in 2D space (FIG joint, 2020). Moreover, it is difficult to reflect
the vertical dimension of the legal status of real estate objects, which may be important in today's
land registers with most of the 3D relationships recorded administratively, as an attribute of defined
parcels using condominium or title legislation. In 2010, the Joint Commission Working Group 3 and
7 on 3D cadastres of the International Federation of Surveyors (FIG) prepared a questionnaire on the
future development of 3D cadastre that was then filled in by professionals from different countries.
The results were described in the work of Oosterom et al. 2014. Since then, similar surveys have
been developed and implemented in several countries (Bieda et al., 2020). Currently, there are sev-
eral methods for BIM creation from architectural plan recognition. Pizarro et al,, 2022 classify these
methods as either rule-based or learning-based (such as Deep-learning, Machine learning and Gen-
erative-based models). Sun et al,, 2019 describe the generation of a 3D cadastral model based on six
perspectives: organization, legal aspects, coordinate reference system and elevation system, data
standards, geometry and users. Their model was validated on a case study in Multihuset (Sweden)
to represent cadastral boundaries and visualize 3D real estate units and obtain as output both an IFC
model and a CityGML model. Hajji et al., 2021 describe an integrated approach based on BIM and 3D
GIS for the implementation of a 3D cadastre in Morocco based on the following steps: i) construction
of a conceptual data model (CDM) based on an extension of CityGML,; ii) development of a BIM mod-
elling process based on the model specifications then translated into CityGML format; iii) implemen-
tation of a 3D geodatabase in ArcGIS. In addition, studies have also been conducted to explore data
standards that can enhance interoperability between BIM and GIS, as demonstrated in the research
conducted by Janecka (2019). Therefore, each country handles cadastral information differently; con-
sequently, geographic context plays an important role in managing geospatial information.

In recent years, several inquiries have been conducted regarding the fusion of cadastral data and
BIM (Atazadeh et al., 2021). These investigations primarily focused on incorporating legal details,
including legal boundaries and attributes (El-Mekawy, Paasch, and Paulsson 2014; Rajabifard,
Atazadeh, and Kalantari 2019); nevertheless, they have been constrained in examining the inte-
gration of cadastral survey data into BIM. The identification of a suitable strategy plays therefore
an important role in the construction of BIMs useful in different applications. Furthermore, the
retrieval of documents on the internal geometry of a building in historic centres assumes a key
role. In these latter cases, cadastral plans may be the only tool for constructing BIMs. Since many
works present in the literature show a manual transformation, the contribution intended to be
provided in the paper is to identify innovative strategies for the construction of BIM.

In order to identify an efficient method for obtaining a BIM model, 2D floor plans for a historic
property extracted from the Italian cadastral database and generated with a specific procedure
is illustrated. Before describing the proposed method and its application to the case study of a
historic building, a brief description of floor plans inferred from the Italian cadastre is provided.

With the Messedeglia Law or Land Equalization Law (L.3682/1886), the Italian cadastre, (Nuovo
Catasto Geometrico Particellare or New Geometric Land Register), was created together with the
new parcel cadastre (Nuovo Catasto Terreni or NCT), which replaced the old pre-unification cadas-
tres, and the new building cadaster (Catasto Edilizio Urbano or CEU), which was the evolution of
the 1877 Urban Cadastre. The cadastral planimetry is the technical drawing (normally in a 1:200
scale) of a property unit registered in the Land Registry, from which it is possible to deduce, in
accordance with cadastral rules, contours, subdivision and destination of internal rooms, metric
data and other information (Bruni,1893). In 1962, the new Italian urban building cadastre (Nuovo
Catasto Edilizio Urbano or NCEU) was introduced. It collects all the information relating to a real
estate unit such as: i) the exact geographical location; the property size; iii) the intended use; iv)
the cadastral income. A plan view of all perimeter and interior walls, access and interior doors,
passageways and windows, and other light openings are represented. The plans had to contain

Brief History
of the [talian
Cadastre
and Type of
the Available
Plans



Methods

Workflow pipeline for
building a BIM model
manually with Autodesk
Revit

Journal of Sustainable Architecture and Civil Engineering 2024/3/36

an indication of the boundaries with private property and public areas, the orientation of the sheet,
the average height of the rooms, an indication of the “kitchen” room and accessory rooms with
their use (bathroom, cellar, etc.). Pursuant to Article 5 of Finance Ministerial Decree 701/1994, all
plans of urban properties, in raster or vectorial format were submitted to the cadastre by January
1, 2002; the Decree also required that other graphical drawings, such as additional metric data
(introduction of the compulsory calculation of cadastral surfaces, using the ‘polygon calculation’
criterion, for property units registered in the ordinary cadastral categories of groups A, B and
C) be prepared in digital format, together with declarations of new construction and variation of
urban property units. The compilation of the technical documents for the CEU updating is carried
out through online submission of the document produced by means of the computer procedure
known as Docfa. The new documents consist of data models that describe the general character-
istics of the building and planimetric graphical drawings (Scricco et al., 2016). They are drafted by
qualified technicians and can be consulted at the Agencies of the territory of the relevant Provinces
subject to the owner’s authorization or authorization by the competent authorities.

The methods identified and tested for constructing a BIM from 2D plans can be of 3 types:
manual;

semi-automatic;

Al-based automations.

Manual methods for constructing the BIM model from the detailed scale of the individual build-
ing unit to the urban scale involve direct modelling using BIM software such as Antodesk Re-
vit, Graphisoft Archicad, ACCA Edificius, etc. (Miller et al., 2017; Waas, 2022; Heidari et al., 2023;
Costantino et al., 2023). Once analysed the cadastral documentation, it is possible to identify the
characteristics of the building to be modelled and proceed to import the cadastral plans of the
individual real estate unit in the pdf format (a document file format developed by Adobe) at the
relevant floor within the reference BIM software, making sure to scale the model correctly. Next,
it is necessary to set the reference grids, passing through unambiguous points on the plan (found
on each level of the building) to guarantee matching between the different floors. We then proceed
with the geometric modelling of the elements deduced from the plans, attributing the qualitative
characteristics from the information provided by the Docfa data models:
external and internal walls of given height and thickness;

openings of given width and material and assumed standard height;

stairs (of given step size and conceivable riser);

load carrying structure (if represented);

slabs (of conceivable thickness)

roof (if visible type with indication of internal heights).
The workflow of the manual method to be implemented in Autodesk Revit can be graphically
represented as shown in Fig. 1; the workflow can be summarized in main 4 steps and once the

cadastral plan was inserted in the appropriate scale of representation, it is possible to set the proj-
ect in Autodesk Revit keeping in mind the layers and the layers involved. In this way, it is possible
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to build the families of the objects in the cadastral plan, such as those generated by the Docfa
software. For each plans, it is possible to build a controllable and reliable BIM model.

Semi-automatic methods allow the construction of a BIM by first categorizing all objects and
then automatically transforming them into parametric objects. A high-performance working en-
vironment based on the use of parametric modelling software is used, i.e. McNeel Rhinoceros
(or Rhino) in combination with the corresponding Grasshopper plug-in (Pepe et al., 2019; Cos-
tantino et al., 2022; Kang, 2023). Rhinoceros is commonly used in 3D modelling since it can create
NURBS (Non-Uniform Rational Basis-Splines) surfaces of three-dimensional shapes of any nature and
complexity. Moreover, Rhinoceros in combination with Grasshopper allows for the creation of dynam-
ic, real-time variable associated geometries. More specifically, Grasshopper supports sophisticated
dynamic models used to explore different design solutions. The use of this semi-automatic method
involves a workflow characterized by 4 main steps: i) creation of the elements in Rhinoceros software
on a specific imported floor plan; ii) construction of a suitable algorithm capable of parameterizing the
different objects that characterizes the floor plan under consideration; iii) processing of the model in
Rhinoceros/Grasshopper environment; iv) import and management of the model in Autodesk Revit.
Fig. 2 summarizes the process for semi-automatically building a BIM from a floor plan. Fig. 2 shows
the different steps for building BIM through a semiautomatic procedure, and in different colours, the
software used to build a parametric model.

Grasshopper

Rhinoceros
Rhinoceros Construction of the
algorithm with
Creation of ! virtualisation of the =
curves model in Rhinoceros

Baking (model

input from
Grasshopper) Model
importting
from Rhino

The key of the semi-automatic method lies in the construction of the algorithm on Grasshopper,
structured by the breakdown of the building or housing unit into its main components:

outside walls;

interior walls;

openings (doors and windows);
floor slabs.

The breakdown into these main elements is performed in Rhinoceros by drawing NURBS curves,
which then become the input for the development of surfaces and extrusions through the con-
struction of the algorithm in Grasshopper. The combination of these extrusions will create the
parametric model, which can be imported into Revit to obtain the BIM model.

As for Al-Based models, to reconstruct the geometries and elements of a building, Al-based soft-
ware needs information, such as wall thicknesses, window and door measurements. In this envi-
ronment, the parametric creation of objects from cadastral plans can be schematized, as shown
in Fig. 3, in 4 main steps: i) Image insertion, ii) model scaling and (iii) input of editor parameters,
(iv) BIM model creation. Each step is characterized by a high degree of automatism and simplicity
of application.

While manual and semi-automatic models allow the construction of all the elements of a building,
Al-based models follow a statistical analysis. It is necessary to evaluate how well the automatic clas-
sification generated by the Al algorithms enables the construction of BIM objects. To assess the quality

Workflow of semi-
automatic method for
the construction of a BIM
model
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of the classification, Precision, Recall and Overall Accuracy (OA) are performance indicators used for
statistical analysis (Pepe and Parente, 2018; Zeybek, 2021). The following definitions are introduced:
True Positives (TP) are the number of features (masonry, windows and doors) that belong to a partic-
ular class, True Negatives (TN) are the number of features that do not belong to a class but have been
incorrectly assigned to a class other than their own, False Positives (FP) occur when features do not
belong to a class but have been positively predicted for the class and False Negatives (FN) are features
that belong to a class but have not been predicted as any class in the image. The formulas for the
above performance indices are as follows (Yekeen et al., 2020; Chen et al,, 2022):

TP

Precision = ——
recision TP + FP
The Recall is the ratio of the correctly classified positive classes:

TP

Recall = ——
O = TP Y FN
The Overall Accuracy is the ratio of the correct predictions over total observations:

TP+TN
Overall Accuracy = TP+ FN +FP+TN

For the development and experimentation of this research, a historical building from the early 1900s
is used as case study. The building consists of two units, forming part of an in-line aggregate, located
in the historical centre of an Italian town. The dataset taken into consideration is characterized by 3
cadastral plans (see Fig. 4) with a scale of representation of 1:200. This way, it is possible to deduce
the geometric characteristics of the building and its consistency.

From the analysis of the plans, it is possible to deduce that the building is subdivided into three floors
above ground, with two sides facing two different roads and two bordering on other residential units, it
has a masonry load-bearing structure and a double-pitched roof. More specifically, it consists of a first
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residential unit on the ground floor, with two entrances located on both streets, and includes four main
rooms, two bathrooms and other service rooms. The second unit has a ground-floor access from the
street to the southeast, with an internal staircase leading to the first floor where the flat includes five
main rooms, with a toilet and a balcony. Another internal staircase connects the first to the second
floor (the attic). The attic is characterized from a single room by different heights.

Manual method

BIM construction by manual method is based on the use of the Autodesk Revit software. Within this software,
the layers were created from the reference dimensions deduced from the cadastral data. The plans
of the dataset were then inserted within the relevant plan views, scaled and the reference grids were
set. Next, the necessary families were set up for modelling the building components. Different types
of walls were identified, and a different family with generic material properties was created for each
type, as no information was available on the walls’ materials’ characteristics. Similarly, all the other
elements characterizing the building were modelled:

the floors were modelled with standard thickness as type and thickness were not available;

the openings, with known width and unknown height (based on their graphic representation,
the windows were distinguished from the doors at the building entrance);

the overhanging balcony on the first floor;

the staircases, with known shape and step size (the step height was computed from the
inter-storey heights and the slabs’ thickness);

the double-pitch roof type and its slopes were computed from reference heights at the ridge
and at the intersections with the perimeter walls included in the plan.

Fig. 5 shows the model obtained in Autodesk Revit which is characterized by strong human interaction
but allowing for a high degree of detail with respect to cadastral information inferable from floor plans.
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To apply the semi-automatic method in the case study, the cadastral plans were first imported
into Rhinoceros and scaled using a special tool. Next, the building representative curves were cre-
ated, i.e. the input elements for the construction of the modelling algorithm in Grasshopper. The
curves, to be subdivided into external walls, internal walls, doors and fixtures, had to be drawn in
the centre of the elements on the cadastral basis using different levels. The Grasshopper plugin
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was then opened and the algorithm for parameterization of the objects was constructed. The
first step involved the digitization of the external walls. The curves of the internal walls were then
reconstructed, diversified according to the different thicknesses, followed by the reconstruction of
the openings (doors and windows), and finally of the floors.

The realized implementation is shown in Fig. 6, where an excerpt of the modelling algorithm con-
structed in Grasshopper is reported. The algorithms for modelling the different components are in-
dicated in light blue for the external walls, in orange for the internal walls, in yellow for the openings
and in green for the floors. Using the same algorithm just described, it was possible to build the upper
floor; therefore, it is necessary to implement a further task in order to join the several information.
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Once the algorithm was built and applied to the case study building (for each floor of the building,
varying the initial input curves and modifying the sliders) the thickness and height of the walls and
the size of the openings were modified. The virtual model created through the “Baking” command
(see Fig. 6) was handled within Rhinoceros. The resulting model, consisting of multiple surfaces
divided into components, was finally exported and imported into Revit, through the following steps:

the external walls component was selected and the export selection tool was used to create
a ACIS.sat format file (@ 3-D model saved in Spatial's ACIS solid modeling format which
stores 3-D geometry information in a standard text file format);

within a new Revit file, the plan view of the building floor level exported from Rhinoceros
(exterior walls) was opened and the ACIS file was inserted using the tool “CAD Import”, thus
obtaining the automatic positioning of the objects, from source to source;

the imported object was assigned the material type (from the Manage menu under Object
Styles and under Imported Objects) selecting the material from the library window;

the above export and import process was then replicated for each building component (in-
ternal walls, openings and floors) for the complete conversion of the Grasshopper generated
model to the BIM.

Al-based automatic recognition enables the automatic creation of a BIM model. There are currently
different software and online systems that allow the creation of planimetries with artificial intelligence,
such as “geo for all’, “planner”, etc. In this work, the Acca BimAl software developed by the Italian ACCA
software company was used.
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Thanks to a special tool available in the
software, the parameters for automatic
recognition and the subsequent modelling
phase were input, as shown in Table 1.

The UsbimAl software was able to recog-
nize almost all the elements on the plan in
almost all of the plans. The wall partitions
do not present any anomalies or distortions
with respect to the planimetric layout. Fur-
ther tests and attempts were made with
different masonry thicknesses and shapes.
They showed substantial anomalies in the
recognition of curved masonry, unlike clas-

Automatic recognition parameters

Maximum length of an opening
Max. wall thickness

Minimum aperture length

Min. wall thickness

Default door height

Predefined slab thickness
Default wall height

Default window height

Default sub-window

2024/3/36

Values entered m)

5.00
0.65
0.30
0.20
2.10
0.20
2.50
1.20
0.80

sic straight lines. Indeed, in this specific case, the Al software tried to segment the walls by dividing the
masonry into smaller linear masonry walls. While the recognition of windows and doors was often
incorrect, in several cases doors and windows are confused or even not recognized.

Overall, the three- dimensional models created automatically are of good quality considering the
speed the system uses to transform the data of a simple image into a BIM model (Fig. 7).

In fact, following the above procedure and entering and varying the input data, the BIM is generated
in a few seconds entirely over the web platform, without the use of software and using the power of
the Personal Computer to a minimum. The resulting model is complete and can be quickly managed
through other tools that allow the user to better set up the families and refine the BIM project.

The evaluation of the classification of walls, windows and doors objects was carried out using the

performance indices of Egs. (1), (2) and (3)
and are reported in Table 2.

To assess the performance of the Al-based
model when the plan type changes, the
model was applied to a larger dataset. More
specifically, a dataset of 22 floor plans was
considered, 14 of reinforced concrete and 8
of masonry buildings. This application to a
larger dataset allowed the procedure to be
generalized and validated. Performance in-
dices were computed for each of the identi-
fied classes, as reported in Table 3.

Precision (%) Recall (%)

walls 100 100
windows 71 83
doors 4Ll L4

Precision (%) Recall (%)

walls 87 94
windows 74 50
doors 68 45

Overall Accuracy (%)
100
88
60

Overall Accuracy (%)
95
60
57

@

Parameters used in Al
software for automatic
object recognition

Axonometric views of
the model generated by
the Al software

Performance index
values obtained in the
case study

Performance index values
of Al-based model
calculated on further 22
plans
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Starting from the cadastral data, manual modelling provided a reliable and controllable model|,
where all modelling and construction processes of the building’s characterizing elements take
place within a single software. The semi-automatic method, on the other hand, allows all extru-
sions to be obtained quickly, as the constructed algorithm can be easily applied to any plan by
simply changing the initial input curves. Moreover, this method is particularly effective in model-
ling complex architectural elements, such as curved surfaces, thanks to the modelling versatility
achieved by combining Rhinoceros with Grasshopper. Conversely, in the application of this meth-
od, starting from a cadastral base which does not provide detailed information, one is limited to
the modelling of the main elements of the building, without any further details. Otherwise, this
operation would require additional modelling, which in Revit is accelerated thanks to the use of
families (e.g. doors, windows, railings, etc.). In other words, Revit, with its libraries of Families,
gives the possibility to quickly insert detailed objects such as doors, windows and railings. These
families are not available in Rhinoceros and must be created by the user. As for the Al-based
method, considering the different types of floor plans of the case study, encouraging results were
obtained for the recognition of masonry buildings. Problems in the automatic identification of ob-
jects were found for all categories of openings (doors and windows).

In the construction of the BIM model of the entire building, it is necessary to point out an additional
problem since the software works for individual floor plans. Thus, to create a single model, it is
necessary to assemble the different BIMs for the different floor plans. An interesting aspect con-
cerns the time required to create three-dimensional models. While it is possible to create a BIM
model in a few seconds, the model is rather schematic and requires user interaction for a suitable
implementation in the BIM environment. A further limitation of the automatic implementation
method is the inability to recognize curved surfaces, in contrast to the manual and semi-auto-
matic methods. In conclusion, in the application of all the methods, the greatest limitation in the
construction of the BIM derives from the cadastral dataset that lacks information required to build
a model completely faithful to reality.

Both the cadastral plans and the data acquired by Docfa procedure do not report any data on the
type and thickness of the floor slabs, the height of the openings (doors and windows), the type and
size of the stair risers, the type and size of the foundations, the type of roofing (wood, concrete)
and in case of inaccessibility of the same, its shape and the slope of any pitches. Comparison of
the three methods considered in terms of quality, metric accuracy, processing speed and handling
of complex surfaces is carried out using the performance parameters proposed in Pepe et al,,
2022. The evaluation for the three models are reported in Table 4, where the value of 1 star indi-
cates very low performance while 5 stars indicate top performance.

It is clear from Table 4 that the different methods used present different qualitative and time-re-
lated aspects of BIM implementation. While the Al-based method produces a BIM model very
quickly, the manual and semi-automatic methods produce models that are more reliable and
representative of the actual plans.

Metrics precision of
model

Management of
complex surfaces

Menual FORRON | RN | TOXOK FOROK
Semi- Avtomatic | YOUOHE | FORONON | WX | WO
Al-based * %\f ***** *

Detail of objects Speed
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Three methodologies are identified and described in the paper for the creation of BIM models from
cadastral plans: a manual one, a semi-automatic one and an automatic Al-based methodology.
For each method, the advantages and disadvantages were analysed. For example, the semi-auto-
matic method and the manual method resulted in accurate models, but the time required to create
the BIM was significant. The Al-based method, on the other hand, lead to a BIM very quickly, but
the accuracy of object recognition was questionable, particularly for windows and doors. In fact,
while the OA of the walls found in the various plans taken into consideration was 95%, decidedly
lower values (around 60%) emerged in the recognition of windows and doors. It is necessary to
add more stringent parameters in Al-based software to facilitate the recognition of objects au-
tomatically and this approach and this approach becomes inaccurate when the geometry of the
elements is curvilinear. Furthermore, since in Al-based software the parameterization takes place
for individual plans (and thus floor level), additional manual editing is required to assemble the dif-
ferent plans and make sure that they match. Therefore, an optimal approach might not be a single
methodology, but rather their integration in different forms depending on the building geometries.
In other words, the initial construction of the model in the Al environment and subsequent editing
in semi-automatic or manual methods could be useful. In general, the manual method made it
possible to obtain a more detailed model of the structure under consideration from the same
information. Moreover, both the Rhinoceros/Grasshopper and Al-based methods do not allow
modeling of critical elements, such as roofing which should be developed anyway with the help of
an operator and not modelled automatically.

BIM obtained from 2D floor plans is particularly useful, not only in the cadastral environment for
the 3D identification of interior spaces, but also as a tool for the integration of information in build-
ings that are not directly accessible. Indeed, especially in historical centres, cadastral plans could
be the only information available for the characterization of buildings and the creating of a BIM.
However, to date cadastral information is used primarily to estimate the property value and as-
pects and the property fiscal income and do not provide the elements for the structural, technolog-
ical, and architectural characterization of buildings. Therefore, it is desirable in the future to include
additional information in the cadastral data regarding the location and type of structural elements
(load bearing walls, columns, and beams), the type of architectural and technological elements
(wall type, stairs, roofing, size, and type of opening). In fact, the creation of a BIM model would
allow the different Agencies that manage planimetric information (cadastre, municipality, etc.) to
use the same unified building dataset, thus reducing search times and making data accessibility
easier. On the one hand, today's technology allows the creation of realistic and interactive models
that are easily consultable, on the other different Agencies often continue to work independently
with little or no sharing of their needs. It is therefore desirable to create single, unique BIM models
that can be shared by different Agencies. To achieve this goal, it is central to first digitize the real
estate stock according to a standard BIM-based approach. This involves creating a platform where
users can build and update the BIM of the building under consideration. Each information manag-
er (cadastre, municipality, etc.) can have access to unique, consistent, effective, and realistic BIM
and evaluate and approve (or not) the proposed model.
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