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Abstract: Building information modeling is a process for creating and managing information
on a construction project across the project lifecycle. The lifecycle of building includes also a
stage of reconstruction and technology of terrestrial laser scanning is an effective method to
create 3D building information models of the real state. Laser Scanning is a non-contact
technology that captures the shape of physical objects and gives exact representation of the
building geometry. Current scanning technology has the ability to send out thousands of beams
per second, resulting in a ‘point cloud’ of data. This study offers an overview of the survey
planning stages, field operation, processing of point cloud data and the possibility to integrate
data into the building information modeling.

Keywords: Terrestrial laser scanning, 3D scanner, Point cloud, Digitizing, 3D modeling,
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1. Introduction

Recently new instruments have been introduced in the field of surveying that are
able to acquire portions of land and objects of various shapes and sizes in a quick and
cheap way. These instruments, based on laser technology, are commonly known as
terrestrial laser scanners [1]. In the documentation of the existing construction and
facilities and restoration of the historical monuments, the most important part is to
known the geometry of the object. Depending on the purpose, the result should
correspond within certain accuracy with the real object [2]. In the situation where the
objects are irregular and have structure-complex, the use of conventional methods is
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time-consuming and mostly not practicable [3]. Laser scanners can replace traditional
physical measurement methods by enabling non-contact virtual measurements within
the laser scan data [4]. Laser scanning, also called high definition surveying, is a
method of high-accuracy mapping or reality capture that uses laser beams to quickly
capture complete detail of the entire building construction project [5]. With this
technology it is possible to remotely survey very complex, inaccessible and hazardous
objects and areas, where the traditional methods would fail. Also since the data is
largely independent of ambient illumination it is even possible to scan at night or in
dark conditions. The major advantage of this measuring system is the complete and
detailed 3D data acquisition of objects for many different applications. Specifically, the
use of terrestrial laser scanning for 3D modeling, deformation measurements,
monitoring and analysis, there is full automation in the process, none-contact, higher
resolution, efficient, higher accuracy and precision etc. [3], [6].

The survey yields a digital data set, which essentially a dense ‘point cloud’, (also
called Dense Digital Surface Model (DDSM) where each point is represented by a
coordinate in 3D space (X, Y, and Z coordinates and reflectivity value are known) [7],
[8]. Point clouds from 3D laser scanning data give a full and exact representation of the
building geometry [8]. Users of 3D laser scanner were very impressed with the speed at
which they captured information, the ability to conceptualize survey projects in 3D, its
ability to scan objects and areas at a distance, and the density of its point collection. 3D
laser scanning has given surveyors the ability to collect information much faster, at
upwards of thousand or million points per second and therefore refract the physical
environment being scanned [7], [9]. Large-size contractors have identified laser
scanning as a technology that enables them to perform critical dimensional quality
control accurately, comprehensively and rapidly [9]. Laser scanning, as a novel data of
acquisition technique, broadens its application field in civil engineering projects, for
example as-built drawings of industrial plants, structural layouts and measurement of
infrastructure, e.g. bridges, freeways, monuments, towers, building redesign or
expansion, creating geographic information system (GIS) maps, and documentation of
important landmarks or historical sites [10], [11]. Originally it is applied in the
construction and maintenance of industrial plant facilities, laser scanning has since been
adopted for many other uses, including also building information modeling (BIM) [5].
There is a new trend in the use of laser scanners to acquire reliable and accurate data for
BIM [7]. The use and application of three-dimensional high definition laser scanning
within the disciplines of architecture and building are continuing to grow daily mainly
within the realm of surveying. When paired with existing BIM tools, laser scanning can
provide an integrated view of existing and proposed structures allowing owners to make
more informed decisions and giving construction manager’s better estimates of
feasibility of projects [9]. Scanning for the purpose of construction applies most often to
existing objects (eBIM or existing BIM), but appear and applications associated with
new construction and design. The scanning technology is becoming an essential step
and for the completion of the integrated BIM cycle plays an important role in the
process [8]. Scanning technology is becoming a critical function necessary to complete
the integrated BIM cycle and provides a clear value-add for the integrated BIM
workflow [9].
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2. Building information modeling

For this technology is very often used an acronym BIM. On a typical construction
project a lot of information is produced. The trouble is that a lot of information is often
unstructured, bad coordinated and difficult to find them. BIM provides a solution.

Building information modeling is the information management process throughout
the lifecycle of a building (from conception to demolition), which mainly focuses on
enabling and facilitating the integrated way of project flow and delivery, by the
collaborative use of semantically rich 3D digital building models in all stages of the
project and building lifecycle [8].

Simply said, the BIM technology represents the 3D information model and this
model represents a common data environment. The question is; what is the Common
Data Environment (CDE)?

It is a place where all information from the construction project is shared between
all members of the project team. This way, everyone who needs access to information
can, because all information is shared in the one common environment (CDE). The BIM
model is basically a combination of graphical data, non-graphical data, documents
related to a construction project, all stored and managed in a CDE [12]. The research
described in this paper is focused mainly the graphical data and integration of the laser
scanning technology into the graphical information. The advantage of a 3D ‘object’ in
the virtual building model is that it provides a visual reference, location and context,
establishing relationship with rooms, spaces and other components in the virtual
building model. The physical size/dimension of the object is required for computerized
3D coordination [12].

3. Process of terrestrial laser scanning

To understand how scanning technology can be applied to the integrated BIM
workflow first a moment must take to understand what laser scanning is and what basic
functions in intends to serve.

Converting scan data into BIM models is traditionally a two steps process:

3.1. Data acquisition

When planning a laser scan project it is important to understand the layout of the
subject and the terrain where it is located. A site visit should be one of the first tasks
undertaken on any project and result of this visit should be a scan plan [13]. A scan plan
is a set of information that outlines the scope and approach that will be taken to capture
the data on-site. With a clear scope in mind a document can be created that identifies the
optimum equipment location necessary to capture the desired information [9]. The
process of terrestrial laser scanning consists of the following steps:

Location of reference spheres (or in other words targets/points): Location of
reference spheres is a step preceding the process of scanning. In principle, the reference
sphere is reference points or places that serve the registration of individual scans. The
spherical shape allows (Fig. /) the highest possible scanning efficiency from various
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directions. Spheres should form a polygon around the scanner and should have varying
distances and heights to the scanner;

Fig. 1. Location of reference spheres, (Source: Authors)

Location of laser scanner (scan positions): The laser scanner captures an object
from different positions (Fig. 2). Number of positions is individual and depends from
the size and spatial solution of measured object. The total scan time depends from the
number of positions the scanner, quality and resolution, requirements of the investor,
complexity of scan objects, and scanning with color or without color, etc. Aspects that
influence the scanning time are a lot;

= |

Fig. 2. An example of scanner position, (Source: Authors)
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Scanning process - automatic process: The scanning process is a completely
automatic process. Scanners can also identify the realistic texture value for a more
intuitive display of point cloud information [9]. The time of one scan is different and
depends mainly on the settings of the scanner (resolution, quality, scanning with color
or not, scanning indoor or outdoor). Example of one scan: Indoor into 10 m - 2 min
without color, Outdoor over 20 m - 9 min without color).

3.2. Data processing
The data processing steps are divided into two stages:

Pre-processing, the most important step in this part of this stage is the process of
registration. With this process all individual raw scans are combining together and the
result is one coordinate system, or as mentioned before the result of the laser survey is a
very dense point cloud (Fig. 3), [1]. Of course the point cloud consists of a lot of
redundant information like a surrounding buildings, trees, cars, people, equipment, road
surface etc., which needs to be removed;

REAL STATE

Fig. 3. From real state to point cloud, (Source: Authors)

Post-processing, the second stage of point cloud data management is post processing
which is an operation to form a 3D model of objects based on point cloud [7].

Looking Fig. 4 it can be seen that if an object from outdoor and from indoor too was
captured in this case all geometry information from the building is known (for example,
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thickens of walls, thickness of ceilings, etc.) in digital environment, and what is very
important there is possibility to create a horizontal or vertical cutting plane anywhere.

Fig. 4. Different views of cutting planes from the point cloud, (Source: Authors)

With this ability it is possible to create from the point cloud the complete as-built
documentation. The as-built documentation, meaning documentation of the existing
state of structures is an essential input for architects, project managers, engineers,
designers, or planners. Because the reality is transferred for example to the CAD
software with everything that really exists, all other operations take place on a
computer. With advanced laser scanning technology and the creation of real 3D model
in the computer, the considerable financial costs associated with effective planning and
constructing, as well as actual time will be saved.

4. When to use laser scanning in the BIM market

Since laser scanners capture reality with exceedingly high efficiency, they are
primarily used in applications where this capability provides added value. In the BIM
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market, these uses generally fall into two categories: renovations (Scan-to-BIM) and
new construction (Scan-vs-BIM) [5], [14].

Renovations: (creating a geometry of BIM model from point cloud)

The building information model can be used in all stages of the lifecycle of the
building project. One of these stages is also the stage of renovation. The stage of
renovation is the most commonly used stage where it is possible to use the technology
of Terrestrial Laser Scanning (TLS) for creating new as-built BIM model for the
purpose of reconstruction or modernization of an existing building.

For renovations or additions to an existing structure, drawings are often out of date
or simply said does not exist. This makes designing any type of renovation or addition
difficult. The laser scanner locates whatever it sees and the site in time in its current
form. This data then can be brought into BIM packages and used to develop extremely
accurate existing condition drawings/modeling [5]. The process of creating a geometry
of BIM model from point cloud data is often called Scan-fo-BIM. In this process,
recognizing and reconstructing objects from point cloud are very complex tasks due to
the sizes of the point clouds and the vast quantities of information needed to describe
the environment. For this reason current Scan-to-BIM techniques require significant
manual operation [14]. The challenge here is to create a parametric 3D BIM model from
the precise depiction of the real world, in the form of a point cloud [15]. Point cloud
based modeling has become widely used in recent years in the engineering practice [16].
First it is necessary to transfer the original survey data into the required BIM system, for
example, Autodesk Revit, Graphisoft ArchiCAD, etc. that are capable of importing and
displaying large point clouds [15]. The choice of which software tool to use for
modeling should depend upon the desired scope outcome [11]. There, it is then possible
to use the point cloud as a modeling reference.

Point snapping allows the precise remodeling of the point cloud regions with 3D
BIM elements (Fig. 5) [15].

BIM is about parametric modeling. Parametric modeling refers to the relationship
between all elements in a project that enables the coordination and change management
that the BIM software provides. For example, a door is a fixed dimension from an
adjacent partition wall. If the wall moves, the door remains this relationship to the wall.
Other example, the floor or roof is connected to the exterior wall so that when the
exterior wall is moved, the floor or roof remains connected. In this case, the parameter
is one of association or connection [17].

The stage of the renovation includes a many times the laser survey of different types
of the sacral historical buildings/constructions. These types of historical buildings often
include constructions or part of structures that have irregular shapes or in other words
the unique shape, as it can be seen in Fig. 5. These shapes cannot often be modeled
using by standard object elements (for example, standard parametric wall or column)
that are located in the BIM database. If, for example, the Revit library does not provide
a desired detail object (for example, a certain type of wall),it is possible to create a new
detail component family to meet your needs, as it can be seen in Fig. 5 again.
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Fig. 5. Remodeling of the point cloud regions with 3D BIM elements, (Source: Authors)

The paramount wish on the software developed is doubtlessly for fully-automatic
and flawless pattern recognition. The software should analyze the whole point cloud,
locate all of the fittings, recognize their type and fit the position and parameter
optimally onto the observed data. But a fully automated system requires the acceptance
of the closed world assumption which means that everything what in the point cloud can
be found must also be able to model in the BIM system [17].

New construction: (comparing the point cloud with the geometry of BIM model)

Laser scanning can be deployed in many places in a new construction project to aid
the BIM process. As construction progresses, laser scanning data can be used to
compare the newly constructed work, against the as-designed model or drawings for
quality assurance. If laser scanning is used throughout the entire construction project,
the new facility will have as-built documentation from all the major milestones in the
project [5]. Integrating TLS and BIM in Scan-vs-BIM processes can be beneficial for
progress and quality control, and even 3D as-build BIM model delivery [14].

For example, scanning all components as they are installed can provide a time-lapse
record with millimeter accuracy data on the pipes, structural steels, Mechanical
Electrical and Plumbing (MEP) work progress control, creating a record of what is
behind the walls, above the ceilings and under the floor slabs, tracking of temporary
(e.g. scaffolds) or second (rebar in the concrete slabs throughout the building along with
the actual installation date), quickly assess the slab flatness of concrete floors, easily
calculate the extents of any areas that need to be adjusted and accurately determine the
volume of material needed, dimensional quality control both on-site and during pre-
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fabrication, etc. [5], [14]. One of the main constraints to the good performance of Scan-
vs-BIM approaches for supporting the applications above (as-built/as-is BIM modeling,
dimensional quality control, etc.) is the quality and completeness of the input TLS
data [14].

This information can be compared to the design to verify that all components are
installed in the correct place. If any errors are discovered, the design can be revised so
that new components can be altered in the construction process instead of making costly
changes onsite [5].

Case study - control of family house geometry using technology of terrestrial laser
scanning

The purpose of this case study is to describe a simple principle of control the
geometry of the family house using the technology of terrestrial laser scanning. This
case study serves as an example and is divided into three phases.

Phase A: For the purpose of the control, a simple geometry of the BIM model (in the
software Autodesk Revit) was created from the existing project documentation as it can
be seen in Fig. 64.

Phase B: For the laser survey of the family house was used the laser scanner Faro
Focus X130 and 12 reference spheres. The house was measured completely, that means,
from the outdoor and from the indoor. The total scanning time was 8 hours. For data
processing was used the software Faro Scene and Autodesk Recap and the total data
processing time was 3 hours. The result of laser survey is shown in Fig. 6B.
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Fig. 6. A) BIM model created from existing project documentation, B) Laser scanning of the
family house for a purpose to check the geometry of the BIM model, (Source: Authors)

Pollack Periodica 13, 2018, 3



70 M. TKAC, P. MESAROS, T. MANDICAK

Phase C: In the final phase the point cloud was connected to the geometry of the
BIM model in the software Autodesk Revit. The point cloud in this case represents the
red color, as it can be seen in Fig. 7. The BIM model in this case represents the existing
project documentation on the basis of which the house was to have been realized and
the point cloud represents the real state of the family house. Based on this comparison it
can be seen differences and deviations between the point cloud and the geometry of the
BIM model. Based on these results it is possible to update or correct the geometry of the
BIM model based on the point cloud where the point cloud serves as the accurate
template for these corrections.

V]
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Fig. 7. C) Interconnection between the point cloud and geometry of the BIM model,
(Source: Authors)

5. Conclusion

BIM methodology is increasingly penetrating into building design. It will also lead
to an inevitable increase in the demand for BIM modeling in the existing building stock.
That raises the question, what is the most effective method of surveying existing
buildings? Laser scanning appears to be the ideal solution and it has a variety of
applications on construction projects ranging from new construction to renovations, and
the captured data can be useful to the entire project team, including the architects and
engineers, from project conception through project turnover. It allows the quick and
precise high definition capture of 3D data. The accuracy made possible through the use
of laser scanning is unparalleled by manual measurement and traditional field
surveying techniques. Furthermore, human interpretation of field conditions impacts the
accuracy of documentation due to the means and methods of capturing, as well as
during the conversion of field measurements to digital models. While sometimes it’s
quicker to use the old methods, rather than the laser scanner, the great advantage of
scanning is its speed on site. It collects absolutely everything very quickly.

This paper offers an overview of the laser survey stages, processing of point cloud
data and the possibility to integrate these data into the building information modeling
workflow. At present, laser scanners can be divided into three categories and it;
terrestrial laser scanners, mobile and airborne laser scanners. This paper describes only
the methodology of terrestrial laser scanning and its use in the BIM process. The main
task of terrestrial laser scanning is to create new as-built documentation mainly for
buildings where existing documentation is not accurate, is not actual or does not exist.
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In the BIM workflow this process is known as Scan-to-BIM, that means, that based on
the scan data is possible to create new and accurate geometry of the BIM model, e.g. for
purpose of renovation of some exist building without project documentation. Laser
scanning the existing conditions on renovations also allows to compare the as-built
conditions with the as-planned design. This process is known as Scan-vs-BIM, that
means, that based on the scan data is possible to compare the point cloud with exist
geometry of BIM model. This comparison can be used either in reconstructions or in
new construction. Scanning progressively during construction to compare with as-
designed BIM models and drawings, provide archival records, and document critical
milestones provides tremendous value throughout the construction process. Laser
scanning helps lower contractor risks by ensuring as-built drawings are accurate and by
exposing any inaccuracies early in the process, before they turn into change orders
during construction.
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