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Abstract: Building information modeling (BIM) is the hottest topic of the last decade in the construc-
tion sector. BIM is interacting with other technologies toward the realization of digital twins. The
integration of laser scanning technology and BIM is progressing. Increasingly, solid, mesh models
are being semantically enriched for BIM. A point cloud can provide an excellent source of data for
developing a BIM model. The BIM model will be refined not only geometrically but can also be
saturated with non-graphical data. The problem is the lack of a clear methodology for compiling
such models based on TLS and images. The research and development work between universities
and companies has put modern digital solutions into practice. Thus, the purpose of this work was
to develop a universal methodology for the acquisition and extraction of data from disconnected
sources. In this paper, three BIM models were made based on point clouds derived from laser
scanning. The case studies presented confirm the validity of the “scan to BIM approach, especially
in the context of historic buildings (HBIMs). The paper posits that the integration of laser scanning,
digital photogrammetry and BIM provides value in the preservation of heritage buildings. In the
process of the practical work and an in-depth literature study, the ever-present limitations of BIM
were identified as research challenges. The paper contributes to the discussion on the use of BIM in
the design, construction and operation of buildings, including historic buildings. The acronym HBIM
(heritage building information modeling) will increasingly resonate in the academic and practical
work of the discipline of conservation and maintenance of historic buildings and cultural heritage
sites.

Keywords: building information modeling (BIM); heritage building information modeling (HBIM);
laser scanning; point cloud; 3D modeling; scan to BIM

1. Introduction

Building information modeling (BIM) is an evolving and maturing technology, process
and methodology. It offers hope for achieving the goals of the circular economy. BIM
is being integrated with other modern technologies giving even more value to the con-
servation and management of cultural heritage. The BIM models being built today can
provide an excellent source of data for these processes if they are semantically correct. The
rapid development of a number of data acquisition technologies, such as terrestrial laser
scanning (TLS) and photogrammetric techniques, has enabled their widespread integration
in most medium and large construction projects around the world [1]. Point cloud or digital
photogrammetry can be an excellent source of data for developing a BIM model. A search
of the literature reveals numerous limitations of BIM that continue to pose challenges
to researchers. The current state of knowledge and technology confirms that BIM is an
emergent phenomenon.

Eng 2024, 5, 2395-2409. https:/ /doi.org/10.3390/eng5040125

https://www.mdpi.com/journal/eng


https://doi.org/10.3390/eng5040125
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/eng
https://www.mdpi.com
https://orcid.org/0000-0002-7013-670X
https://orcid.org/0000-0002-2989-6037
https://doi.org/10.3390/eng5040125
https://www.mdpi.com/journal/eng
https://www.mdpi.com/article/10.3390/eng5040125?type=check_update&version=1

Eng 2024, 5

2396

1.1. Point Cloud Definition

A point cloud (Figure 1) is created by taking many millions of distance measurements,
so it contains the relative spatial coordinates of scanned objects or areas. Using the appropri-
ate equipment, color information is assigned to the location of each point to create a precise
image of reality [2]. In the cloud, it is possible to measure distances between individual
points, and then angles, areas, volumes as well as curvatures are determined in specialized
software on a computer. The accuracy of the point cloud depends on several factors, such
as the resolution and other technical parameters of the scanning device, the number of
scans taken, as well as the distance between the scanner and the scanned surface [3].

Figure 1. Example of a point cloud—The Old Town in Warsaw, Poland [4].

There are many formats for saving point cloud data. The choice of the appropriate
extension is influenced, among other things, by the type of scanner with which the measure-
ment is made, the software for processing the acquired data and the software for modeling
based on an appropriately prepared point cloud. The following table (Table 1) presents
a summary of selected most-used file formats, classified according to the type of data
stored, the BIM software compatible with a given cloud format, as well as the potential
representation of the model.

Table 1. Some of the most popular point cloud file formats with detailed information (own elaboration
based on [5]).

PC File Format

Example of BIM Modeling

Software Potential Representation

Data Storage Type

RCP, RCS

Surface normals, texture, color,
ASCII Autodesk Revit transparency, data confidence value
and coordinates

E57

GraphisoftArchicad, Tekla Normals, scalar density and 3D

ASCILand Binary Structures geometry, texture and color

XYZ

GraphisoftArchicad, Tekla 3D geometry, texture, color, no unit

ASCIT Structures standardizations

LAS

The ground in addition to surface

Bi Tekl
mary exla structures
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1.2. Point Cloud Extraction Methods

Input data in the form of point clouds can be obtained in two ways: by laser scanning
or digital photogrammetry [6]. The choice of a particular method is usually determined
by several factors, such as the possible accuracy of the data obtained, the duration of the
measurements and the purpose for which the point cloud obtained in a particular way is
to be used. Below are the characteristics of the methods mentioned: laser scanning and
photogrammetry.

1.2.1. Laser Scanning (LIDAR)

Laser scanning is a surveying method for measuring data that has been known since
the 1960s. LIDAR (light detection and ranging) technology makes it possible to measure
and acquire data from a variety of surfaces, including buildings, terrain or other objects.
The product of such scanning are point clouds resulting from millions of measurements of
X, Y and Z coordinates. Laser scanners equipped with photodetectors, advanced sensors,
receivers, laser beams and GNSS systems make it possible to achieve a measurement result
that best reflects reality. GNSS is a global positioning system based on various satellite
constellations (GPS, GALILEO, GLONASS, BEIDOU, etc.) which provides coordinates of
the points detected in well-known reference systems such as WGS84, ITRF, ETRF, etc. [7].
The device, depending on the parameters of the sensor, can emit millions of light pulses per
second. Each pulse, reflecting off the object being scanned, travels a distance between the
scanner and the object, measuring the distance in relation to the speed of light. The result is
a measured point, and the collection of all points forms a three-dimensional visualization
of reality, called a cloud. With the development of LIDAR technology, different types of
laser scanners have emerged. The most popular are stationary scanners (TLS). Two types of
TLS scanners are used in the construction sector: PS (phase shift), and TOF (time of flight)
scanners, depending on the type of sensor, the methodology used for positioning varies [8].
New ToF scanners, combined with wave form digitization (WFD) technology, which allows
density, precision and acquisition resolution to be maintained in a cloud of an extremely
high number of points over the entire range of measurements performed, are being heavily
used in historic preservation [9]. More recently, mobile scanners (MLS) are becoming more
common. Below are the characteristics of each of these types of devices.

The most common laser scanning technique, which has been used for many years, is
ground-based scanning with desktop scanners (TLS). Such devices, usually placed on a
tripod, emit hundreds of thousands or even millions of light beams per second to make a
three-dimensional depiction of reality in the form of a dense point cloud. It can be said that
a terrestrial laser scanner is a very fast portable station, measuring points in space using
three spherical coordinates: 1, h, v. From the light beam reflected from a given point, the
scanner reads the range (r), horizontal angle (h) and vertical angle (v). These coordinates
are then converted to the Cartesian system to result in X, y, z coordinate values as the result
of measuring a given point.

Like other surveying methods, terrestrial laser scanning is also subject to the risk
of errors. The accuracy of the measurement is affected by such factors as, for example,
instrumental imperfections, atmospheric conditions, the shape of the object being scanned,
the environment, lighting and the configuration of the scanner settings. However, only
instrumental imperfections affect the calibration of the scanner, so that errors due to other
factors are negligible [10]. In recent years, there have been intensive developments in the
field of laser scanning, resulting in new devices and capabilities. An example is the growing
use of mobile laser scanners (MLSs), which are particularly helpful when scanning hard-
to-reach areas where the use of a stationary scanner would be very difficult or impossible.
Despite lower measurement accuracy than TLS, mobile scanners can be more useful due
to their ability to scan from handheld devices, which takes much less time than taking
measurements with a stationary device.

The figure below (Figure 2) shows a section of a point cloud taken with a mobile
scanner from NavVis (Miinchen, Germany). The device is equipped with two laser scanners



Eng 2024, 5

2398

that record geometric data, a SLAM (simultaneous localization and mapping) algorithm
that makes it possible to record the trajectory of the device’s movement, as well as cameras
that are used to acquire images for the later coloring of the point cloud or creating 360°
panoramas used in a virtual tour [11].
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Figure 2. Example of a point cloud—office building—compiled with mobile scanner (SXD Poland
(Warsaw, Poland) resource).

Depending on the purpose for which the point cloud is to be used, the expected
accuracy and the time in which the measurement is to be made, the appropriate scanning
method should be selected (Figures 3 and 4). Currently, the best solution is a combination
of TLS and MLS, since the use of these two methods allows to obtain the most complete
representation of reality. The following table (Table 2) shows a comparison of the most
important parameters of selected fixed and mobile scanners: range, scanning performance,
distance measurement error and resolution of generated images.

Figure 3. Terrestrial Laser Scanner Faro Focus Premium (Warsaw, Poland) (source: [12]).
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Figure 4. Mobile Laser Scanner NavVis VLX 3 (Miinchen, Germany) (source: [13]).
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Table 2. Comparison between the parameters of MLS and TLS (own elaboration).

TLS Faro Focus Premium MLS NavVis VLX
Parameter . .
(Figure 3) (Figure 4)
Range 70-350 m 100 m
3D scanning capacity 800-1500 m /h? 1500-3000 m /h?
Distance measurement error +1 mm +6 mm
Resolution up to 266 Mpix RGB up to 34 Mpix RGB

As can be seen from the above summary, a desktop scanner has a smaller measurement
error, a larger range and a higher image resolution than a mobile scanner. However, the
latter has a significantly higher scanning capacity, so the same amount of work can be
completed much more quickly. This is a major advantage, since in most project cases a
model with LOD 300 (Level of Detail) is required, and the input data, in the form of a point
cloud acquired from measurements with the mobile scanner, have sufficient accuracy for
this purpose. LOD 300 is one of the standards of BIM. According to the definition of this
level, the building is represented by specific objects and systems which make it possible
to make all the necessary analysis, measurements and calculations. In general, it is used
during the phase of construction design since the represented level of detail is suitable for
producing construction documents and coordinating different disciplines.

1.2.2. Digital Photogrammetry

Another popular technique for acquiring 3D geometric data is digital photogrammetry.
The measurement method is based on the principle of triangulation. As a base, it uses digital
images acquired with sensors that read electromagnetic radiation in different wavelength
ranges. Unlike classical photography, digital images receive not only visible and near-
infrared radiation, but almost the entire range of electromagnetic radiation. Images can
be acquired in a variety of ways, the most common being with scanners, cameras or
photogrammetric cameras, which are usually placed on drones. Unmanned aerial vehicles
(UAVs) are equally heavily used in the preservation and conservation of cultural heritage
sites [14]. The chosen measuring device takes thousands of images in a short period of
time, which later, with the help of tangent points, are combined into a whole in specialized
software, such as Reality Capture, for example. The results of measurements by the
photogrammetry technique can be orthophotos, point clouds or mesh models (Figure 5).

Digital photogrammetry is characterized on the one hand by lower accuracy than
laser scanning, and on the other by higher quality color images. In addition, it is a fast
measurement technique, so it is used for complex objects, as well as in situations where
the principal is primarily concerned with visual effects rather than precise measurement.
Photogrammetry is mainly used visually, as it represents the detail of an object much better
than laser scanning. However, digital photogrammetry can achieve a resolution of less
than one mm in the study of artifact details, if handled correctly [6].
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Figure 5. Three-dimensional mesh created with the use of digital photogrammetry (SXD Poland
resource).

1.3. BIM Modeling Based on Point Clouds

At present, there is an intensive development of the use of BIM technology in con-
struction [15]. More and more investments are appearing where the preparation of a BIM
model is no longer just a recommendation, but a requirement of the investor. Therefore, it
is necessary to constantly work on improving and optimizing the process of preparing the
said model. An important factor affecting modeling is the accuracy of the input data and its
saturation with relevant information about the object in question. Such data are provided
by point clouds, the methods of obtaining which were described in the above chapters. To
fully exploit the potential of input data in the form of point clouds, it is recommended to
use an object-oriented approach to modeling. This makes it possible to generate as much
information as possible that can be useful during further work with the model. Such an
approach to modeling from a point cloud can be implemented, among other things, during
the inventory of buildings, reverse engineering, the reconstruction or repair of historic
buildings, as well as the measurement of distances, angles and ordinates of selected points
on a building or dimensional analysis of distortion and height maps [16].

1.4. BIM Definition

BIM is a complex concept with more than one definition. Most commonly, BIM
is defined as building information modeling (BIM). It is the process of storing, sharing,
exchanging and managing various types of information throughout the life cycle of a
building: from the conceptual phase, through construction, maintenance and up to the
eventual demolition stage. BIM is not just a three-dimensional model created by designers,
but an undertaking undertaken by a specific group of people [17]. One can consider the
concept in two ways—from a broad or narrow perspective. In the broader sense, it is said
to be a process based on the cooperation of people, information systems, databases and
software. In addition, BIM can also include computer hardware, tangible and intangible
resources and knowledge. On the other hand, in a strict sense, BIM is seen as a semantic
database of a construction object accompanying it throughout its life cycle [18].

BIM can also be defined as building information model (BIM), which is a digital
description of a building’s functional and physical properties, being a source of knowledge
and all data about the facility. The premise is that the model must be fully accessible to
stakeholders in the development process, as it forms the basis for decision-making during
the life cycle of a building—from its initial conception to its eventual demolition. Another
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definition of BIM is building information management (BIM), which is the organization and
control of investment processes by using the parameters of a digital model of the facility to
perform information exchange throughout the investment cycle. Centralized data exchange;
visual communication through three-dimensional objects; identification of opportunities at
an early stage; sustainable, efficient and interdisciplinary design; on-site inspection; and
updating documentation to reflect the real world are just some of the benefits of building
information management [19].

The main purpose of BIM is to streamline the investment process; automate the design
process [20]; optimize the costs associated with the implementation of the investment,
operation and maintenance [21]; and to minimize the possible negative impact of the
investment on the environment. The following assumptions of building information
modeling technology can be found in the literature: all the information contained in
the model is true, up-to-date, complete, readable, accessible and easy to modify [22];
the information in the form of data contained in the digital object model is suitable for
automatic processing; the model accompanies the building during its entire life cycle; the
building model is independent of specific software; the digital building model contains
information that is available to an appropriate extent for all participants in the investment
process and is used as an area of cooperation between them; the individual components of
the object information model contain data on their essence and behavior [23].

In the R&D work, an attempt was made to integrate the mentioned three technologies:
laser scanning, digital photogrammetry and BIM. As part of the experimental work, three
BIM models were built at a high level of geometric detail. The aim of the study was to
extract data from various disjointed sources and to build a good BIM model based on them.

2. Literature Review
2.1. State of the Art

Heritage preservation is a complex and evolving field that requires a delicate balance
between traditional methods and modern technology. A TLS conceptual framework has
already been developed for enhancing the accuracy, efficiency and richness of heritage
documentation, contributing to the broader field of heritage preservation and empha-
sizing the importance of embracing technological advances while respecting historical
integrity [24]. BIM has become a relevant computerized system for improving heritage
management. The research developed a BIMlegacy protocol to improve workflow in in-
terdisciplinary heritage projects. Research techniques used include documentary analysis,
semi-structured interviews and focus groups. In this case, HBIM is proposed as a virtual
model that will store heritage data and express processes. The protocol is divided into
eight phases: the registration of the building, the identification of intervention options, the
design of the intervention, the planning of physical intervention, physical intervention,
handover, conservation and cultural dissemination [25]. TLS and photogrammetry are
enabling experts to scan buildings with a new level of detail. Image-based techniques are
considered cost-effective, highly flexible and efficient in creating a high-quality textured
3D model. Such hybrid scans can be imported into BIM environments [26]. Creating highly
accurate HBIM models requires the use of several reality capture tools, such as terrestrial
laser scanning (TLS), photogrammetry, unmanned aerial vehicles (UAVs), etc. The study
identified knowledge gaps including the lack of guidelines for using static TLS surveys to
capture HBIM data, the lack of a robust automated framework for creating/transferring
3D geometries and their attributes from TLS data to BIM units, and insufficient use of TLS
for long-term monitoring and change detection [27]. Other studies also point to future
research directions, including: (1) controlling hardware and software costs, (2) improving
data processing capabilities, (3) automatic scanning scheduling, (4) integrating digital
technologies and (5) adopting artificial intelligence [28].
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2.2. The Objectives

A review of the literature shows that there are many literature studies, but case
studies of the use of TLS and photogrammetry for HBIM are far fewer. Thus, the main
purpose of this paper is to present a methodology for processing integrated data from
disjointed sources. Such a process of acquisition, extraction and modeling can bring a few
benefits. Advantages, disadvantages, opportunities and threats can be identified during
the practical work. Three models were built to achieve these goals: fort, plant, castle. The
methodology developed below can be applied to other cases after considering spatial,
urban or environmental considerations.

3. Materials and Methods: Workflow—From Point Clouds to Building Information
Model

The procedure for creating a BIM model from data acquired in the form of point clouds
is referred to as scan to BIM. The diagram below (Figure 6) shows the main steps in the
process of modeling a building from a point cloud.

INPUT DATA: EXISTING
OBJECT

Methods

Laser scanning (TLS, MLS),
digital photogrammetry

Point clouds extraction

v Software
(e.g. ReCap)
Point clouds Additional modifications, e.g.

post-processing georeferencement

POINT CLOUDS EXPORT
° ° °

Formats: RCP, E57, XYZ etc.

Inserting point clouds to
the model

Softwares: Revit, Archicad etc.

A Software
(e.g. Revit) Creating the libraries of all the

Modelling based on input
data

OUTPUT DATA:
BIM MODEL

Figure 6. From point clouds to BIM—workflow (own elaboration).

necessary components, adding
parameters
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The input dataset is an existing building. To obtain its representation in the form
of a point cloud, it is necessary to choose the appropriate data acquisition method: laser
scanning (TLS and/or MLS) and/or digital photogrammetry. For the point cloud to be
effectively used later for surveying and BIM, the following questions must be answered:
what resolution is needed to capture all building details with sufficient precision? What
degree of shading is acceptable? What parameters must the scanning device meet, or
what settings are required? How many scans should be made? Where should the scanner
be placed? Depending on the specifics of the project, the desired effect and technical
capabilities, the answers to the above questions will vary.

The point cloud acquired by laser scanning should be processed in appropriate soft-
ware, such as Autodesk ReCap Pro 2023 (commercial) or Cloud Compare 2.13.1 (open
source) [29]. The most common activities performed at this stage are noise reduction—
involving the detection and removal of randomly scanned objects that are not part of
the actual study; point cloud registration—involving the combination of multiple point
clouds of the same object from different parts of the scan; and meshing—the creation of
triangulation surfaces that can be transformed into a 3D model using special software [30].
It is also possible to georeference the point cloud with GNSS or transfer it to the local
coordinate system of the BIM software. This will enable the exact location of the input
data, which can facilitate the subsequent use of the BIM model, to be determined. A point
cloud prepared in this way should be exported to an appropriate format. The choice of
the right option depends primarily on the BIM software in which the object model will be
created, but also on the potential representation of the data one wants to obtain. One of
the most popular programs for modeling building information is Autodesk Revit, which
supports point clouds in the RCP (ReCap project) or RCS (ReCap scans) formats. An RCP
file indicates the individual scans and contains the information about them whereas RCS
is a single point cloud scan file or unified point cloud data. Usually, several RCS files
are included in one RCP project file [31]. Pre-prepared input data are loaded using the
appropriate tools. If georeferencing has not been provided beforehand, the point cloud
should be manually located at the right place in the model.

The final step in the scan-to-BIM process is modeling the object. Using the tools
available in the software, the necessary components are created, which are then placed
in the model based on the location visible in the loaded point cloud. It is also helpful to
use existing object libraries provided by manufacturers. Although, in the case of many
projects, there is anyway a need to create your own BIM library components, for example,
in the graphical family editor in Autodesk Revit. It should be remembered that the model
developed in this way must meet the criteria described in the principal’s requirements.
These relate primarily to the level of detail (LOD) of the model, the scope of work, the
rules for naming components, as well as the necessary parameters and file storage format.
The product of the process is a digital information model of the construction object. It is
good practice to save and transfer the file not only in native form, but also in an open data
exchange format such as IFCs (Industry Foundation Classes). Although it should be noted
that IFC still does not provide full and seamless interoperability between different applica-
tions. The degree of data loss depends on the MVD (model view definition) configuration
and the skill of the users.

4. Results—Case Studies

The scan-to-BIM process is increasingly used in the AEC (architecture, engineering
and construction) industry because of the opportunities it creates. BIM models created
on the basis of point clouds are used in various types of investment and construction
projects, such as retrofits, renovations, extensions or reconstructions. This chapter presents
some examples of projects implemented according to the scan-to-BIM procedure, critically
pointing out some of the limitations and challenges that researchers still face.

The first example shows the renovation of a historic fort (Figure 7). The purpose
of using a parametric model of the fort was to make a detailed inventory of the existing
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condition. On this basis, a detailed analysis of the building was to be conducted and a
renovation project developed. The BIM model of the building was made based on a point
cloud obtained by terrestrial laser scanning. The acquired data were processed in Autodesk
ReCap: the clouds were cropped to the extent of the study area and cleared of unnecessary
points, and the individual scans were automatically pieced together. The exported file
in RCP format was then loaded into Autodesk Revit, where the model was developed
according to the LOD 300 level of detail. The difficulties that can be encountered with
these types of objects are primarily specific construction. The walls inside the fort were
rounded and irregular, which made it impossible to use the default parametric families. It
was necessary to directly model based on the point cloud. The model thus created, after
appropriate modifications, can also be used in the subsequent phases of the construction
process, including the design phase, the implementation of the project, as well as the
operation of the modernized building. In such a case, it is necessary to determine the nature
of the building materials used and the state of preservation of the manufactures, which
cannot be achieved with TLS and photogrammetry alone, and is a strength of BIM (richness
in non-graphical data on building materials, for example).

(b)

Figure 7. Fort renovation—BIM model (a) based on point cloud (b) (SXD Poland resources).

Another example of the application of the scan-to-BIM process is the reconstruction of
an industrial facility (Figure 8). The point cloud was acquired by terrestrial laser scanning
using a desktop scanner. The purpose of developing the digital model was to provide a
detailed inventory of the existing condition of the buildings along with their surroundings.
The point cloud was processed in Autodesk ReCap 2022 software: the scans were integrated
together, then the data were cropped to the study area and cleared of unnecessary points.
The resulting file in RCP format was loaded into Autodesk Revit 2022, where a BIM model
of the site was made. The scope of modeling included not only the structure of the buildings,
but also all sanitary and electrical installations, as well as elements of the surrounding
area: terrain, pavement, road signs and others at the LOD 300 level of detail. Based on the
model, analyses of the structure and installations were conducted, and a project for the
reconstruction of the facility was developed.

From the above examples, it is possible to see the wide applicability of a parametric
model of a given construction object developed from laser scanning data. The advantage of
the scan-to-BIM process is the quality of the input data, which makes it possible to depict
reality very accurately. In addition, the use of this method of compiling an object inventory
significantly reduces the time of data acquisition, as well as increasing the accuracy of the
acquired data. However, despite building models at a high level of geometric detail, there
is still the problem of the semantic enrichment of such models with non-graphical data [32].
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(a) (b)
Figure 8. Plant reconstruction—BIM model (a) based on point cloud (b) (SXD Poland resources).

Historical/Heritage Building Information Modeling (HBIM)

BIM technology is mainly associated with new construction, but over the past few
years we have seen a definite increase in the application of this methodology to historic
buildings. Protecting architectural heritage presents numerous challenges due to the
complexity and diversity of historical settings, such as irregular shapes of architectural
elements or incomplete or absent building documentation, among others [33]. Work aimed
at preserving cultural heritage, carried out at historical sites or archeological sites, is very
complex: it involves geometry; analysis of chemical, physical and mechanical properties;
as well as existing documentation [34,35]. Any action taken requires a horizontal approach,
in which all data about the object will be considered. Historic structures can be subject to
various types of construction projects, including restoration, conservation or change in use.
The application of BIM methodologies in heritage preservation solves many problems, as
it helps to manage documentation well, perform geometry analysis and the parametric
model is a detailed database about the site. Approaches to the preservation of historical
heritage using BIM technology have been referred to by the term HBIM (heritage/historical
building information modelling). In the implementation of HBIM, three main stages can
be distinguished: the preparation of input data, among others through the scan to BIM
process; the selection of appropriate software and parameters to depict reality as faithfully
as possible; and the development of a parametric digital model of a given historical
building [36].

Historical BIM was applied, among other things, during the restoration and conser-
vation process of one of France’s medieval castles (Figure 9). A parametric model of the
structure was created from a point cloud obtained by laser scanning. An inventory of the
existing condition was carried out to develop a renovation project and a maintenance plan.

Figure 9. Castle renovation and conservation—BIM model (a) based on point cloud (b) (SXD Poland
resources).

The proper conservation of historic buildings is a complex process that requires the
cooperation of specialists from various fields [37]. A key aspect is the detailed analysis of
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the structure, during which a great deal of diverse information must be pieced together. The
previously mentioned digital photogrammetry or laser scanning makes it possible to obtain
the geometry and texture of a given object, based on which a 3D model can be developed.
At the same time, a parallel analysis is carried out from a historical perspective, which
involves checking and verifying historical sources and existing documentation. In order to
proceed with the preservation of a historic building, the following data should be collected
(Table 3): the geometry of the building, i.e., all dimensions and volume; information on the
architectural style in which the analyzed building was designed, including characteristic
structural elements and techniques; characteristics and juxtapositions of the materials;
the degree of degradation of the building’s facades; the facade interventions carried out;
possible structural damage with a detailed description of the extent of the intervention; as
well as a simulation of the impact of external factors on the building and the risks involved.
If all of the aforementioned information is included in the BIM model, it will be possible to
produce the necessary drawings, statements, documentation or analysis more easily and
quickly using the BIM software of choice. However, as research shows, BIM applications do
not always keep up with the development of theory and the needs of construction-sector
practitioners. The ability to constantly change and learn is the driving force behind BIM
methodology and will be the key to future smart applications [38].

Table 3. General information for heritage building to be conserved (own elaboration based on [30]).

Information Description
Geometrical data Dimensions, cubic area, etc.
Architectural style Specific building components and construction techniques
. Characteristics: materials represented in the views with different
Materials .
hatch, in labels
Fagade degradation Hatches in the elevation views represent specific degradations

Facade interventions

Hatches in the elevation views represent interventions, with symbols,
tables and detailed planned actions

Damage survey (if required)

If there is any structural damage in the building, a damage survey is
required to plan structural interventions

Environmental parameters and their future effects

Possible simulation to inform the maintenance of the building and to
help make decisions; the prediction and interpretation of risks

The term HBIM does not have to refer to just one building. It can also include a set
of buildings or an entire urban layout. HBIM can be beneficial for facilitating data-driven
decision-making in the preservation process. HBIM promises high geometric fidelity and
the management of non-graphic heritage data [39]. However, time will tell whether it will
see full adoption in the building sector.

5. Discussion

Point clouds as a source of object data can significantly speed up the design process,
especially if implemented using BIM technology. The most common technique for acquiring
point clouds is a combination of several methods: digital photogrammetry and laser
scanning—stationary and/or mobile. This makes it possible to obtain the most accurate
real-world imaging of the object, and choosing the right measurement methods will save
time in creating a database about the object. Good-quality input data are the basis for
creating a functional BIM model of the object in the scan-to-BIM process. Such a model
can be used during the entire life cycle of a building, including property management,
operation, modernization, renovation or refurbishment. There is an ongoing problem in
the market with the transfer of BIM models to owners/operators, and their knowledge and
capabilities do not allow for effective management using such a model [40].
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Over time, BIM models will become more sophisticated, imbued with IoT (internet
of things) sensors and perhaps managed by artificial intelligence. Hence, they must be
semantically correct for research or management purposes [41]. More research is needed on
automating the process of modeling from point clouds, automating the process of entering
non-graphical data, or automating the preparation of documentation. This may open a new
era of BIM maturity that will follow “CAD 3D”, “closed BIM” and “openBIM” [42]. The
integration of the technologies exchanged has taken place. It is necessary to move on. The
contribution of this article proves that it is necessary to look for new research directions
toward automating the processes of modeling and managing information on buildings.

6. Conclusions

The integration of laser scanning with BIM technology brings many benefits. The
object data acquired are characterized by a high level of detail and saturation with various
types of information. The best effect is obtained by combining different measurement
techniques, most often laser scanning and digital photogrammetry. Before starting the
project, it is necessary to analyze which method will be most effective in a specific case;
that is, what data are needed to achieve the desired effect. This makes it possible to create
an accurate parametric model based on them, which is a rich database about the building.
The BIM model has several applications not only in the entire construction process, but
also at the stage of building operation. Generating 2D documentation, bills of materials,
conducting any analysis or developing demolition or renovation projects is much easier
than with traditional methods. Implementing such an approach in accordance with good
practices positively influences the optimization of investment time and costs.

The scan-to-BIM process also carries some risks. Error propagation can occur as
a result of modeling from existing data (e.g., from paper documentation or CAD files).
Similarly, if the data are not properly acquired, this affects all further stages of the process.
If the accuracy of the point cloud is too low, it will affect the quality and content of the
BIM model, which may lack the necessary information for subsequent work. On the other
hand, higher-than-required point cloud detail may make it difficult to work from due to
the file size, which will be too large for the chosen modeling software. In practice, the
phenomenon of so-called “overmodeling”, i.e., the over-detailing of models or library
components, has been observed. In addition, there are costs to be reckoned with in terms
of providing appropriate scanning equipment and possible training for working with point
clouds. There are also difficulties associated with using HBIM. It should be remembered
that BIM technology was developed primarily for newly constructed buildings, to assist the
development process from the very beginning. When it comes to existing historic buildings,
many questions still arise due to the complexity and diversity of historic buildings. Many
architectural style-specific elements require the creation of a new individual parametric
family, which can significantly increase model development time. This area still requires a
great deal of analysis and improvement to take full advantage of all the possibilities offered
by BIM methodology.
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