www.iltcon.org - Journal of Information Technology in Construction - ISSN 1874-4753

INVESTIGATING THE BARRIERS TO LASER SCANNING
IMPLEMENTATION IN BUILDING REFURBISHMENT

SUBMITTED: January 2021
REVISED: April 2021
PUBLISHED: May 2021
EDITOR: Robert Amor

DOI: 10.36680/j.itcon.2021.014

Ulrika Uotila, Doctoral Researcher
Tampere University
ulrika.uotila@tuni.fi

Arto Saari, Professor
Tampere University
arto.saari@tuni.fi

Juha-Matti Junnonen, Lic. Sc. (Tech)
Tampere University
juha-matti.junnonen@tuni.fi

SUMMARY: The use of the laser scanning technique has increased rapidly in the field of built environment,
mainly because it produces highly accurate as-built data. However, the full potential of this technique is utilised
only limitedly in building refurbishment projects. This research aims to investigate the barriers to the
implementation of laser scanning in building refurbishment projects in Finland. Qualitative interviews were
carried out to identify these barriers, and furthermore, to explore the current usage of the technique in building
refurbishments. The study shows that many obstacles to implementations are related to challenges in laser
scanning procurement, including a low level of competence in acquisition, limitations of the laser scanning
technique in building refurbishments, and limitations and challenges in utilising the data in design work. This
study is beneficial for building owners and practitioners as it presents the challenges and advantages that laser
scanning can provide a refurbishment project. In addition, it offers suggestions to improve the early phase of a
refurbishment project in order to achieve greater benefits with laser scanning. Furthermore, the findings may be
utilised in the procurement process of laser scanning services in such projects, and the results may potentially
solve practical challenges encountered in laser scanning work.
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1. INTRODUCTION

The management of a building refurbishment project is, typically, challenging, as the project is influenced by
unforeseen elements and changing factors (Arain, 2005). These variables generate a high level of uncertainty and
multiple technical and economic risks to the project (Noori et al., 2016; Oloke, 2017; Rahmat and Ali, 2010;
Zolkafli et al., 2012). Many of these risks are connected to deficient as-built data of the existing building, including
incorrect measurements and deficient structural details (Oloke, 2017; Uotila et al., 2020b, 2020a; Zolkafli et al.,
2012). These defects of as-built data increase project costs, cause errors in design and construction work, and even
extend the project time (Love and Edwards, 2004; McKim et al., 2000; Naaranoja and Uden, 2007). A majority of
these negative consequences could potentially be diminished by using more accurate as-built data of the existing
building.

Fatal decisions with the most detrimental consequences are made during the early phase of a refurbishment project.
In particular, faults and decisions made in the design phase can have a substantial influence on costs, project times
and the quality of the entire project (Chua et al., 2003). Also, uncertain conditions of existing buildings result in
limitations in the design phase, which significantly hinder the designer’s ability to complete the design task before
work starts at the site (Ali et al., 2008). These design faults can be reduced, and the overall design phase
streamlined, with improved initial data management of existing buildings (Cepurnaite et al., 2017). Moreover,
better management of the initial data can produce more reliable information for further stages of the building life
cycle (Cepurnaite et al., 2017). Thus, accurate as-built data, as well as proper information about the structures of
the existing building, are essential for the success of a building refurbishment project.

Laser scanning (LS) has become a common and beneficial tool for the gathering of spatial data of existing
buildings. It is used particularly for creating as-built BIM models. Fast and accurate data acquisition, including
millions of measurement points of the existing building, is the feature why LS is preferred over conventional
methods. In building refurbishment projects, the LS technique is also used for identifying deviations from design,
real time monitoring (Brilakis et al., 2010), quantity estimates, and quality control (Akinci et al., 2006; Tang et
al., 2011; Wang, Sun, et al., 2015).

Despite the great potential of LS, understanding of the utilisation of the technique in building refurbishment
projects is still deficient in the field. The defects and challenges related to the adoption of laser scanning in data
capturing of existing buildings are widely established by case studies. However, since these studies focus primarily
on technical aspects and concern LS work and as-built creation in particular projects, these findings do not explain
how these challenges effect the procurement of LS services. This motivates investigations regarding the barriers
to LS implementation in building refurbishment projects in Finland. The study explores the topic by focusing on
the viewpoints of clients and other project parties.

2. DATA CAPTURING IN BUILDING REFURBISHMENT PROJECTS

Knowledge of positions, geometries, sizes, shapes, and components of an existing building is needed as a starting
point of building refurbishment. This information provides a framework for design, further construction analysis,
and as-built modelling. Currently, multiple methods are used for capturing the spatial data of an existing building
in a building refurbishment project. The choice of the survey technique relies, typically, on the intended use of the
data and the need for data accuracy. But, the choice depends, also, on the complexity and size of the building, the
budget, the required expertise of applications, and the equipment available (Historic England, 2018). Often,
multiple parallel techniques are used to get more accurate spatial data of existing buildings (Historic England,
2018).

Since traditional manual methods, such as manual laser distance measurements, flexometers and calipers, are
simple to use, they are, typically, suitable for capturing certain measures and locations, but impractical for large
and complex structures (Historic England, 2018) and inefficient in gathering data for 3D models (Goger et al.,
2016; Liu and Kang, 2014). Topographic methods, such as tacheometers and theodolites, are accurate but time-
consuming in the field and producing the data into a 3D model is complex. A total station is usually used for
recording precise measurements and georeferencing (Lachat et al., 2017; Murtiyoso and Grussenmeyer, 2018; Sun
and Cao, 2015). A global navigation satellite system (GNSS) is mainly used for geographic information system
data collection and topographic work (Historic England, 2018).
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The data acquisition methods for 3D data of existing buildings may be divided into two categories: the
photogrammetrical techniques and the LS techniques (Historic England, 2018). As it is possible to collect millions
of points quickly with these techniques, they are appropriate methods to use especially in more complex and larger-
sized building refurbishments. This data can be used on several platforms for various purposes. Often, this accurate
spatial data of an existing building is used for the creation of an as-built Building Information Model (as-built
BIM), which, typically, refers to the representation of an existing building at the moment of the survey (Hichri et
al., 2013; Tang et al., 2010). Even though BIM adaptation of existing buildings is still not as common as BIM
implementation in new building projects, the use of BIM applications in refurbishment planning, as-built
documentation, construction inspection, facility management and maintenance has increased recently (Nguyen
and Choi, 2018; Volk et al., 2014; Wang, Cho, et al., 2015). As the creation of a BIM model for an existing
building is known as an as-built BIM (Tang et al., 2010), an HBIM refers to the as-built BIM of a heritage or
historical building. An HBIM is based on a scan-to-BIM process that enables the generation of a 3D model from
laser scan or photogrammetric survey data (Aicardi et al., 2018; Allegra et al., 2020; Capone and Lanzara, 2019;
Dore and Murphy, 2012; Ebolese et al., 2018). Contrary to an as-built BIM, an HBIM offers solutions for the
parametric modelling of historic buildings and structures, as it includes a library of historic architectural objects
for BIM software platforms (Aicardi et al., 2018; Cheng et al., 2015).

2.1  Photogrammetry

Photogrammetric techniques rely on images taken from different viewpoints to record the 3D geometry of a
building or objects (Dore and Murphy, 2017). As these techniques are quick and easy to use, and the costs of
devices are relatively low (Altman et al., 2017; Brilakis et al., 2010; Dobelis et al., 2016; Ulvi, 2021; Yang et al.,
2020), the recording of existing buildings by photogrammetry has increased recently (Dore and Murphy, 2017;
Yang et al., 2020). Even though photogrammetry has several advantages compared to laser scanning, including
high-quality imagery and colour information (Dore and Murphy, 2017), there are also multiple challenges related
to this technique. The main difficulties include a time-consuming computational data process (Dore and Murphy,
2017; Fassi et al., 2013; Ulvi, 2021), less accurate and dense point clouds than a laser scanner can provide (Altman
et al., 2017; Golparvar-Fard et al., 2011; Lee et al., 2015; Mellado et al., 2020; Ulvi, 2021), and the requirement
of proper lighting (Rocha et al., 2020). For overriding the challenge of a laborious data process, photogrammetric
techniques are evolving towards automatic post processing (Aicardi et al., 2018; Dore and Murphy, 2017).
However, the quality and accuracy of the results produced by these automatic techniques do not, yet, reach the
level of manual or semi-manual procedures (Gruen, 2012).

2.2  Laser Scanning

Currently, terrestrial LS is one of the most common methods for gathering as-built data of existing buildings
(Becker et al., 2019; Dore and Murphy, 2017; Suchocki, 2020) due to the high accuracy and point density that the
technique provides (Abdul Shukor et al., 2015; Alomari et al., 2016; Cheng et al., 2015; Han, 2012; Hong et al.,
2015; Lee etal., 2015; Sepasgozar et al., 2015; Shanbari et al., 2016; Volk et al., 2014). A terrestrial laser scanner
captures the geometry and textual information of an existing building by automatically recording millions of 3D
points (Dore and Murphy, 2017; Rocha et al., 2020). Laser scanners mainly use one of three different principles
for measurements: triangulation, time-of-flight (ToF), or phase-comparison. Even though all of these methods
produce a 3D point cloud, the range and accuracy of registered values vary between these methods (Dore and
Murphy, 2017; Historic England, 2018; Suchocki, 2020). Typically, laser scanners operated by ToF or phase are
used in the recording of building exteriors and interiors (Historic England, 2018).

The laser scanning technique has evolved rapidly in recent years. This progress has resulted in a launch of more
compact platforms, including mobile, handheld, backpack and trolley LS devices (Chen et al., 2019; Otero et al.,
2020). In particular, the handheld and backpack devices are suitable for indoor surveying due to their light weight
and small size (Chen et al., 2019; Otero et al., 2020). These equipment are more efficient in use but provide a less
dense and noisier point cloud than terrestrial LS (Kukko and Kaartinen, 2019; Lehtola et al., 2017; Otero et al.,
2020; Previtali et al., 2019). However, the operating time of these devises is rather similar to a terrestrial laser
scanner, and these methods are suitable for data acquisition of buildings where accurate data is not required (Otero
et al., 2020; Previtali et al., 2019). Even though these novel LS methods may offer multiple benefits in as-built
data capturing of existing buildings, they are still not as common in data acquisition of existing buildings as the
traditional terrestrial laser scanner (Kukko and Kaartinen, 2019).
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Multiple studies present LS as overriding the other data gathering techniques in shorter survey duration (Le et al.,
2018; Sanhudo et al., 2018; Ustinovichius et al., 2018), improved accuracy (Sanhudo et al., 2018), the possibility
for an automated generation of BIM models (Bassier et al., 2018; Gimenez et al., 2015), and its possibility to
capture complex shape geometries (Amano et al., 2019; Sanhudo et al., 2018, 2020). Despite the still increasing
advantages due to the evolving LS technique, LS has several limitations. These downsides include required
expertise (Sanhudo et al., 2018; Shanbari et al., 2016; Volk et al., 2014), laborious further processes (Allegra et
al., 2020; Historic England, 2018; Sanhudo et al., 2018, 2020; Tang et al., 2010; Tka¢ et al., 2018; Xiong et al.,
2013), and expensive equipment (Alomari et al., 2016; Altman et al., 2017; Lopez et al., 2018; Sanhudo et al.,
2020; Volk et al., 2014). In addition, laser scanners are not as flexible as cameras with regard to acquiring data
(Historic England, 2018). However, the rapidly improving laser technology, such as more compact devices, may
decrease these downsides concerning device costs and expertise.

As BIM models require accurate spatial information of building parameters, laser scanning is commonly adopted
to collect this data (Badenko et al., 2019). This approach that exploits laser scanning is referred to as a scan-to-
BIM process (Bosché et al., 2015). Appropriate 3D data for creating as-built BIM models can be produced by all
types of laser scanning devises and techniques, including terrestrial, mobile and airborne methods (Badenko et al.,
2019).

2.3  Pre-Processing of Data and 3D Modelling

Images or range data of the existing building is often used for 3D modelling (Stamos and Allen, 2000; Volk et al.,
2014). First, this data, usually gathered by photogrammetric methods or laser scanning, needs to be processed
(Murphy et al., 2017). The initial pre-processing phase often involves cleaning and removing incorrect points and
point cloud registration (Murphy et al., 2017; Patroucean et al., 2015; Pocobelli et al., 2018), whereas the following
modelling phase contains meshing (Murphy et al., 2009) and texturing (Pocobelli et al., 2018). Even though a
point cloud may be used independently, it is often used as a source of information for the creation of a 3D inventory
model or a 3D surface model, and also for 2D drawings (Randall, 2011). Since the point clouds do not contain
additional information about the registered objects, such as geometrical, topological, and semantic attributes, this
information needs to be generated during the 3D modelling phase (Lopez et al., 2018). Although the pre-processing
of data is becoming increasingly automated, the 3D modelling phase is still rather laborious due to heavy manual
work (Dore and Murphy, 2017; Omar and Nehdi, 2016). However, semi-automatic and automatic modelling
approaches can also be utilised in this process (Hong et al., 2015; Liu, 2016; Lopez et al., 2018; Macher et al.,
2017). The traditional 3D CAD model contains only parametric and feature-based information, whereas BIM
platforms enable having a vast amount of semantic information about building elements and their use and
maintenance (Dore and Murphy, 2017; Lopez et al., 2018; Pocobelli et al., 2018). Currently, there are various
BIM software products, such as ArchiCAD, Revit and Tekla structures, available on the market for as-built BIM
creation (Barazzetti, 2016; Logothetis et al., 2015).

In Finland, the collected information and measures referring to objects of an existing building are commonly called
an inventory model and the term ‘BIM’ typically signifies the body of information over the entire lifespan of a
certain building (RT 10-11067, 2012). An inventory model is not necessarily presented in 3D form. It may be, for
example, formed as a collection of documents, and each document contains information of a certain room (RT 10-
11067, 2012).

3. METHODS

The primary purpose of this study was to investigate the barriers to laser scanning in building refurbishment
projects in Finland. In order to better understand this theme, including project parties’ viewpoints, qualitative semi-
structured interviews were conducted. A semi-structured interview as a method is based on a list of themes that
are covered during the interview (Greener, 2008). Qualitative interviews were selected as they provide in-depth
information about the experiences of individuals (DiCicco-Bloom and Crabtree, 2006); give a better understanding
of situations; are appropriate for describing the processes; and help the researcher to understand how events are
interpreted (Weiss, 1995). In addition, since previous research on the topic is limited, this method allowed the
researcher to collect data flexibly and ask elaborate questions during the interview (Hirsjérvi et al., 2007).

Firstly, the selected themes considered acquiring measurement data of building refurbishment projects more
broadly to examine the current situation in the field. Secondly, the focus was on the use of LS with the aim of
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extending the understanding of the barriers to and current challenges of LS and data processes in these projects.
These selected themes were the following:

e Measurement data of building refurbishment projects
e  Measurement processes of building refurbishment projects
e Use of LS in building refurbishment projects

The questions were formulated in advance, but the order of the questions varied between the interviews, as some
questions were partly answered in previous topics. A list of the themes and questions was sent to the interviewees
in advance.

Since the use of LS is still rather rare in building refurbishment projects in Finland, the appropriate persons to
interview were identified by searching through related publications and projects in which LS had been used,
contacting pioneering organisations in the use of LS in refurbishment projects, and contacting participants of and
organisations involved in LS training organised in Finland between 2016 and 2017. To get a wider perspective of
the studied themes, the respondents were chosen from different Finnish companies and organisations, and also the
respondents’ job titles and work assignments vary. Nine persons with experience of LS in building refurbishment
projects were interviewed between autumn 2017 and early winter 2018. The titles and responsibilities of the
interviewees are presented in Table 1.

Table 1. The interviewees’ titles and responsibilities

Title Job description

architect director of building information modelling team

architect responsible for construction contracting

architect specialised in building refurbishment

architect project director

architect point cloud expert

managing director consulting and coordination of building information
modelling

archaeologist responsible for the management of digital documentation of
buildings

modelling engineer, land surveyor director of laser scanning team

manager manager of maintenance of parish buildings

The interviewees’ experience of LS in building refurbishment varied greatly as some had been involved in only
one project where LS was utilised, and some had used it regularly over a period of ten years. Thus, there was
considerable variation in the respondents’ knowledge of this technique and their skill in using it. The interviewees
represented both the public and private sector, and also among the projects they had gathered their LS experience
from, there were both public and private ones. These projects include refurbishments of historic buildings; parish
buildings; residential buildings; and municipal buildings, including schools, hospitals, and offices. These projects
also include geometrically demanding buildings and buildings of considerable cultural and historical significance.
The duration of each interview was 45-100 minutes, and each interview was digitally recorded. The gathered data
were analysed thematically.

4. RESULTS

Multiple challenges in the use of laser scanning and barriers to its implementation were identified in the interviews.
These barriers were divided into three categories as follows:

e Darriers related to challenges in the procurement of LS services
e barriers linked to the limitations of the LS technique

e barriers related to the limitations to the utilisation of the data in design work
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4.1  Barriers Related to Procurement of Laser Scanning Services

As expertise and tools are required in LS and the data process, they are typically purchased from a company. In a
building refurbishment project, the simplest level of procurement is laser scanning of the building and a point
cloud. This level is commonly used in projects, where the client’s organisation or designer performs the further
processing of the LS data. Other commonly used levels include procurement of the LS and data processing into
2D pictures or into an inventory model. Often, the company carrying out the LS task in a building does not process
the data from a point cloud into further models. Instead, the company has a contract with another company that
converts the LS data further into an inventory model or into 2D pictures.

The main challenge in the procurement of LS is the technical determination of the scanning. The principal designer
is rarely involved in the project at the phase when LS is procured. Therefore, the technical specifications of the LS
are, usually, determined by the client. As a consequence, the LS operation may be inappropriately specified, and
the data may be incomplete or incorrect for the designer’s software. Thus, the designer might not be able to use
the data at all or the use of the data can be very inconvenient and time-consuming because of incompatible formats
or technical details. Converting data into another format is possible but it is time-consuming, and some data might
be lost in the process. The interviewees agreed that if the designer is not involved in the process of determining
the contents of the LS, the client should know what type of as-built information, regarding, for example, data
accuracy, can be utilised in certain design work. In addition, the client should build a vast knowledge of different
data acquisition methods, including an understanding of the limits and the possibilities of each method.

In some refurbishment projects, the determination of the scope of the LS on the contract has been challenging. Into
the content of the contract, it is often written that all visible surfaces will be scanned. However, the line between
visible and non-visible surfaces is often ambiguous. For example, the roof and the attic are often included in the
visible surfaces, but also sometimes in the non-visible. Furthermore, despite a clearly defined scope, the LS work
has, occasionally, been sloppy, as recesses in rooms have been outside of the range of the laser, or attics, pipe
ducts or lift shafts have been left out of the scan. According to the interviewees, the scope of the LS should be well
defined in the conditions of contract in order to avoid ambiguity in the content.

Often, the client uses the publication series Common BIM requirements 2012, ‘CBIMR’, when purchasing LS in
Finland. The CBIMR is a Finnish publication series that contains the basic principles, requirements, definitions
and concepts that can be followed in BIM-based projects. For creating an inventory model or other as-built
documentation, CBIMR instructs to laser scan all visible surfaces comprehensively by using a maximum noise
error margin of = 10mm and a point density of less than 5Smm intervals (RT 10-11067, 2012). Often, the clients
have used those levels of accuracy when purchasing LS. However, many interviewees emphasised that these
accuracy levels of scanning are often inappropriate. For example, if all the visible surfaces of a large-sized building
are scanned with 5 mm point density, the size of the files becomes so large that the use of the files might be
inconvenient. A sparse accuracy level is appropriate, for example, in projects where only the surface of the
structures will be repaired. In short, the major barriers related to the procurement of LS services are the following:

o the client does not have competence for technical determination; and

e the gathered data may be futile for design work.

4.2  Barriers Linked to the limitations of the Laser Scanning Technique

Mostly, LS data is utilised in the design work by processing the LS data into 2D pictures or into an inventory
model. It is also utilised in building contracting, quantity surveying, visualisation of the existing building, and
verification of the area of rooms for room leasing and sale purposes. Even though the interviewees considered LS
to be useful in many projects, several challenges in its use and barriers to its implementation were identified. The
key barriers and challenges are listed as follows:

e expensive to use in minor refurbishment projects and in projects where so accurate as-built data is not
needed;

e challenges in data acquisition in a building when users are in residence;
e challenges when using LS outdoors during the summer and the winter; and

e challenges in collecting data from roofs and eaves.
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LS is perceived to be beneficial especially in major building refurbishment projects, in which accurate as-built
data of multiple rooms or an entire building is needed. In addition, it is considered to be essential in the
conservation of historical buildings, and useful in buildings with complicated geometric shapes and with a lot of
technical equipment and structures not recorded in drawings. However, the interviewees considered the use of LS
to be rather inappropriate and expensive in projects with only minor repairs. In those projects, the use of drawings
and conventional measurement methods were perceived to be more practicable. In addition, LS is considered to
be useless in refurbishment projects where accurate as-built data is not needed.

The interviewees considered LS difficult to carry out in an occupied building, as people in the view of the laser
scanner cover the surfaces to be measured. Thus, the view of the scanner to the room is not solid. In addition, the
interviewees have met various challenges when using LS outdoors. Vegetation and snow lining a building facade,
as well as windy weather conditions have hindered the LS operation. Furthermore, this data, containing empty
areas due to obstructions, is later laborious to process. As a consequence, the spring and the autumn were suggested
to be the most suitable times for LS outdoors.

When acquiring data of a facade, a laser scanner is usually operated on the ground. However, eaves of the building
disturb data acquisition, and thus, the roof and some sections of eaves are often left in a blind spot. Therefore,
another measuring method, such as drone photogrammetry, is often needed in those places. Sometimes, data of
the roof is collected by using a laser scanner on the roof, but the use of the device on a sloping surface is found to
be dangerous and may lead to accidents.

Basically, LS can be operated in places where the scanner fits. For example, LS can be used successfully for data
acquisition in false ceilings by pushing the scanner up through a hole in the false ceiling, whereupon the laser
scanner scans the inner part of the false ceiling. However, interviewees considered data acquisition of these
cramped places, such as ducts and canals, often to be challenging, as locations from where to operate the laser
scanner in these structures are, typically, hard to find.

4.3  Barriers Associated with Data Processing and Data Utilisation in Design work

The interviewees expressed several barriers to LS implementation related to data processing and design work. The
main barriers are presented as follows:

e time-consuming and laborious data processing and modelling

e errors in models

e limited opportunities to utilise the data in design work, as critical places are hidden during LS
o large files

e limited opportunities to use the data in certain software products

The process from a point cloud into an inventory model is perceived to be time-consuming and error-prone, and
according to the interviewees, the modellers do not always have a clear understanding of the designer’s
requirements. Errors and wrong objects in the model cause extra work for designers and may delay the project.
For example, if the modeller has interpreted a false ceiling as an intermediate floor, the areas of the structures are
incorrect. Often, the models also contain several negligence errors, such as objects in wrong places or missing
columns. Moreover, as the predefined libraries of BIM modelling are planned for new constructions, the irregular
shapes of existing buildings are challenging to model.

Laser scanned data is not usually used during a design development phase, because the data is not yet available.
As a result, many corrections must be made in early designs during later phases. Usually, the designer does not
receive a complete model at the beginning of the design phase. Instead, at the beginning of the design phase, the
designer receives a model with only load-bearing structures, and the model is then completed during the designing
process.

Since building refurbishment projects often contain alterations in rooms and system replacements, as-built data
from above suspended ceilings, under floors and inside walls is needed. However, despite the large amount of
structural demolition that the projects typically encompass, the as-built data is collected before the demolition
actions. Thus, the items hidden behind the walls and under the floors are not included in the acquired data. Even
though LS can be repeated after the demolition actions to gather the critical measures, it is rarely used at this phase,
since it is considered to be too laborious and time-consuming.
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5. DISCUSSION

The results of this study indicate that greater benefits of laser scanning are achieved in major refurbishment
projects. However, the use of the technique is perceived to be inconvenient and expensive in projects with only
minor refurbishment actions and in projects where so accurate as-built data is not needed. The results of this study
indicate that the use of LS might be beneficial in the refurbishment projects of buildings that have already been
renovated, since renovation actions are often poorly documented, and hence, the drawings of these buildings are
inaccurate.

According to the interviewees, an inventory model is typically more time-consuming to produce by using laser
scanned data than the drawings of the existing building. Often, drawings of buildings built since the late 1990s are
rather extensive and accurate. Thus, LS is considered to be rather unnecessary when refurbishing a building that
has proper documents and has been built in the past 20 years. Furthermore, this statement is supported by the
aforementioned fact of greater benefits in larger refurbishments, since major refurbishments more often concern
the older building stock than buildings less than 20 years old.

LS is, typically, procured before the designer is involved in the project. Hence, the acquired point cloud data is
often rather inappropriate for the design, either in accuracy or in scope. However, the designer can, then, potentially
use the data already in design development. Whereas, if LS is purchased after the designer has entered the project,
the scope and details of the LS task can be determined in co-operation with the designer and measurers. Thus, the
captured data benefits the designer as much as possible. However, the designer cannot then, usually, utilise the
data in the design development phase, yet. As a result, many corrections to the early design must be made during
later design phases.

These results indicate that a modification of the project preparation process is needed, as the designer’s
involvement during the early phase of the building refurbishment project appears to be vital. By involving the
designer in the project preparation, the designer could assess the requirements concerning the as-built data of the
existing building. In addition, the designer could contribute to the technical determination of LS, including
describing the scope, content, levels of details, delivery formats, and accuracy of the data acquisition. By
implementing LS at a very early phase of the project, the designer could use the data already in the design
development, which may reduce overlapping work in later design phases. Consistent with previous research
(Uotila et al., 2020b), also project uncertainty may be reduced by using accurate data already in the early project
phase. Furthermore, this modification to the project preparation process could reduce the needs concerning a
client’s competence to purchase as-built data.

Many challenges that reduce the interest towards LS are met during and after the process from a point cloud into
an inventory model. These challenges, such as the use of a wrong format or producing an inconvenient model for
the designer, could be reduced by including the process from a point cloud into an inventory model in the
designer’s contract. However, the results of this study imply that designers rarely have the competence or the
interest in making inventory models. Thus, the best utilisation of the model is often achieved when the designer
and the inventory modeller co-operate already at the beginning of the modelling process. Hence, it is important
that the designer is involved in the project before the modelling phase starts.

As the project preparation phase requires modification, the phase of LS implementation can also be improved.
Since it has been claimed that occupied buildings are difficult to scan, it might be advisable to plan the LS
implementation schedule together with the building users. Thus, the LS can be operated in a systematic order
without interruption and users in the rooms.

The results of this study imply that uncertainty related to the advantages of LS may restrain the use of this
technique. Defects in the measurement plan may significantly reduce the usefulness of the data. For example, blind
spots in the laser range significantly hinder as-built creation and may impede the designer’s work and increase
uncertainty related to the design. Therefore, great competence is needed when purchasing LS services. In addition,
designers’ reports of multiple faults in the models and LS producers’ carelessness in their work might reduce
clients’ interest towards LS. Furthermore, despite the multiple advantages that the LS technique provides, other
data acquisition techniques, such as a tacheometry, a drone or a laser range finder, are usually needed to be used
in parallel with a laser scanner in refurbishment projects, as not all of the required measurements and information
can be gathered with just a laser scanner.
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The interviews revealed multiple restrictions and practical challenges concerning technical issues of LS in
refurbishment projects. These features include the determination of the content and accuracy of LS, the use of
different formats as well as shortages in modellers’ understanding of building structures and designers’ needs.
Also, a lack of computing power when handling large point-cloud files was considered to be a challenge,
corresponding to the findings of Shanbari et al. (2016). Coinciding with the studies of Cheng et al. (2015) and
Tang et al. (2010), the as-built modelling of an existing building was perceived to be a laborious and time-
consuming task, because of these technical challenges, and due to the as-built BIM’s lack of pre-defined parametric
objects suitable for existing buildings. These difficulties in creating an as-built model of existing or historical
buildings have also been reported in other studies (Dore and Murphy, 2017). However, this problem could be, at
least to some extent, overcome by using databases of elements of historic buildings, which have been created, for
example, by Fai and Rafeiro (2014) and Murphy et al. (2013). These aforementioned technical challenges and the
laboriousness in processing potentially reduce the interest towards the use of this technique in building
refurbishment projects.

The interviewees’ competence in utilising LS in building refurbishment projects varied significantly, as well as
their understanding of the benefits and possibilities of the technique. This indicates that understanding of the
benefits and limitations of the LS technique in building refurbishments might still be rather deficient. This limited
understanding may become a barrier to implementing LS in building refurbishments. In particular, if clients and
building owners are not aware of the potential of LS, they are not willing to pay for these services. Thus, increased
understanding of this technique is needed especially at the beginning of projects. Broader knowledge of LS could
increase the utilisation of the technique, and the method could be used in more useful ways.

The study shows that the full potential of laser scanning has not been utilised in building refurbishment projects.
In Finland, as-built BIMs are not yet commonly used in refurbishment projects due to the laborious work of 3D
modelling. However, since the modelling technique still evolves and more automation is adopted, the popularity
of BIM implementation in existing buildings might increase. Hence, accurate spatial data will have particular
importance, which may result in an increase in the use of laser scanning. Furthermore, more advanced laser
scanning techniques, including compact devices, may also increase the popularity of this technique over the
coming years.

6. CONCLUSIONS

The barriers to laser scanning implementation in building refurbishment projects were studied by conducting nine
qualitative interviews. The study shows that the main barriers to the implementation are associated with clients’
lack of competence to procure LS services. They are also linked to the limitations of the LS technique in building
refurbishment; and to the limitations and challenges in utilising the captured data in design work. In addition, the
rather varied quality of purchased inventory models, as well as laborious processes, may reduce interest in the
technique.

Since the process from a point cloud into an inventory model is laborious, time-consuming and error-prone, the
LS technique is perceived as being a rather unsuitable tool for projects with minor refurbishment work. Hence,
this study indicates that a larger extent of refurbishment actions is connected to greater benefits of the technique.
In addition, as the drawings of buildings built since the late 1990s are, typically, relatively appropriate and accurate,
it is considered that an inventory model is less time-consuming and laborious to produce by using the drawings
instead of a point cloud. Therefore, the benefits of the technique are fewer when refurbishing buildings built in the
past 20 years compared to the benefits gained in the refurbishments of older buildings. The study also shows, that
understanding of LS is still rather limited and insufficient among the stakeholders of building refurbishment
projects, which potentially reduces the utilisation of the technique in these projects.

As this study was conducted through interviews, the results are majorly based on the respondents’ perceptions and
experiences. In order to identify the challenges for the use of laser scanning in building refurbishment projects in
Finland, and to provide more information on how these obstacles can be overcome, the authors suggest further
research. For example, case studies of building refurbishment projects, in which laser scanning is applied in data
acquisition, data modelling and documentation, could provide even more detailed information of this theme.
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Despite the limitations of this research, this study can be beneficial for building owners and practitioners, as the
findings may be utilised in the procurement of LS and as-built models in building refurbishments. In addition, the
suggestions that the study provides might be useful in improving the early phase of a refurbishment project.
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