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1. INTRODUCTION

1.1 Background
Given the current speed of construction technology and the 

counting commodification of spatial data system development, 
more than 60 per-cent of all  data will  contain a space 
component. In recent years, the new 3D scanning technology 
has shown itself to be a crucial asset in the construction process 
in terms of cost, time and safety. Before 3D scanners, As-
Built BIM was only a possible theory if the time and resources 
available were unlimited. Thus the discrepancy between the 3D 

model of a building and the actual built building was beyond 
sizable. However, the recent development of 3D scanning 
technology and studies of Scan-to-BIM have shown the 
possibilities of creating a BIM model that is close to reality. 

1.2 Ongoing Research Objective
The research objective of this study is to investigate further 

utilization of the complex PCD more effectively, in a way that 
could become a crucial data set for structural analysis during the 
construction process. (Figure 1) This paper suggests a method 
of coordinating PCD according to significant construction 
stages. Throughout construction, structural conformation 

Figure 1. The Complexity of Point Cloud Data (PCD)
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alters and the structural component deformations are drastic in 
building high-rise structures. The research aims to manage PCD 
as a dataset for construction sequence structural analysis and 
potentially, build a platform of time-based structural monitoring 
and evaluation. 

Potentially, this ongoing research will be a knowledge 
development of data analyzation in the construction industry. 
As Charles Eastman stated in his ‘An Outline of the Building 
Description System’’ published in 1974, “...computer-based 
description of a building could replicate or improve on-all 
current strengths of drawings as a medium for building design, 
construction and operation...”, the development of computer-
based building design, construction, and operation will reduce 
the extent of redundant processes, and the effort involved in 
them, occurring during construction (Eastman 1974). 3D 
scanning technology and PCD model can be the crucial link 
media of linkage between the computer-based building and the 
As-Built building. 

The core value of this technology is not just ‘connected’ data, 
but more in creating a platform of technology and technical 
knowledge. The actual effectiveness of 3D scanning technology 
occurs when the PCD, the data set generated through 3D 
scanning, is ‘connected’ with BIM and becomes analytical data. 
(Figure 2)  The ‘connected’ database becomes the medium 
of building design, construction, and operation and replaces 
the 2D drawings by incorporating the As-Built-data. (Figure 
3) Thus, the paper will discuss various projects, which took 
advantage of the new technology and how they utilized PCD to 
analyze structural engineering projects.

Figure 2. Isometric View of PCD in BIM 

Figure 3. Virtual View of PCD + BIM

2. APPLICATION OF PCD TO STRUCTURAL ANALYSIS

2.1 Process of Scan-to-BIM
The process of Scan-to-BIM differs in every project. However, 

most of the 3D scanning projects can be simplified into five 
steps:

a. Planning (Pre-Scanning)
b. On-Site Scanning (Field Acquisition)
c. Registration and Alignment (Data Assorting)
d. PCD Integration with BIM (Post-Scanning)
e. Data Analysis and Drawing (Production)

The task of Planning (Pre-Scanning) takes place before 
scanning on-site (field acquisition) for the project, determining 
the required outcome, and identifying the extent of work that 
has to be done. Usually, On-site Scanning (Field Acquisition) 
is the task of obtaining primary PCD. Some of the newer 3D 
scanners with an embedded total station and GPS can register 
and Align the data during scanning, i.e. Registration and 
Alignment (Data Assorting).  In practice, a lot of the scanners 
does not contain embedded total station or GPS. Thus, PCD 
registration takes place after on-site scanning and remains one 
of the critical and time-consuming tasks. (Figure 4)

Figure 4. PCD Sectional View of Construction Site

PCD Integration with BIM (Post-Scanning) is the process 
of virtually re-building the As-Built BIM of the project: Scan-
to-BIM. During this task, BIM becomes the platform of 
adjustments for the diagnosis of designed data and PCD (Figure 
5). Data Analysis and Drawing (Production) provide the 
required analysis report or set of documents through As-Built 
BIM. (Figure 6, 7, and 8)

Figure 5. Time-based Analysis of the Top-Down Site 
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Figure 6. Time-based Analysis of the Top-Down Site

Figure 7. Data Analysis and Drawings of As-Built-BIM

The current research focused on improving and developing 
the algorithm for Planning (Pre-Scanning) and PCD Integration 
with BIM (Post-Scanning). The 3D scanning technology needs 
to be the active part of a BIM workflow to utilize its strength in a 
construction project thoroughly and to achieve this, conversion 
task (Post-Scanning) development is crucial.

Figure 8. 3D Reinforcement Modelling with PCD

2.2 Pre-Scanning
The on-site scanning operation on-site requires installing the 

scanner, total station, and multiple ‘targets’ for accurate 3D PCD. 
(Hajian 2010) ‘Targets’ are a set of planar or spherical objects 
that are used to precisely register the various scans. (Figure 9) 
During the scanning process, multiple scanning stations are 
necessary to scan all required area of the site. (Gleason 2013)

Figure 9. Scanning on-site, Targeting and Scanning

There are many occasions when some areas are ‘over-scanned’, 
and some ‘un-scanned’, but neither is desirable; ‘over-scanning’ 
creates an additional amount of PCD which needs to be sampled 
and ‘cleaned up’, while any ‘unscanned’ area has to be speculated 
on or re-scanned. 

Development of a pre-scanning algorithm (Figure 10), and the 
simulation involved is still in its infancy, but it can determine 
the most efficient scanning station locations and numbers. 
The algorithm consists of equations which minimize the ‘over-
scanning’ as the intersection region of scanners, and avoid the 
occurrence of the ‘un-scanned’ area. Our test model was the 
Parc1 Tower, Seoul. From our understanding at the site, to scan 
the whole floor of the tower, we scanned the floor with nine 
stations (45 minutes and 24,300,000,000 PCD).

Figure 10. Expected 3D path of Point Cloud Data (PCD)

In our simulation, we were able to reach all the subject-to-scan 
surface with only three stations (25 minutes and 13,500,000,000 
PCD). The potential time and data reduction for future projects 
through this algorithm is promising. (Figure 11 and 12)

Figure 11. Algorithms for creating efficient scan plan.

Figure 12. Pre-Scan Location Determination
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Analysing the specific location of targets and scan stations in 
preparation for the actual on-site scanning can reduce the scan 
station numbers, which eventually reduces on-site hours and 
quantity of PCD. This algorithm can be highly effective not only 
for the on-site task but also for the work after on-site scanning 
such as registration, optimization, conversion, production, and 
data management.

The algorithm by Delphi program language for the pre-
scanning is attached in Appendix A.

2.3 Scan-to-BIM Algorithm (Post-Scanning)
One of the significant challenges of 3D scanning tasks is 

data reconstruction after scanning. After scanning and scan 
registration, the heavy primary PCD needs to be integrated with 
BIM through data conversion to build As-Built BIM (Figure 13). 
One of the major issues is the fact that PCD is more suitable for 
producing raster images than producing vectors, 2-dimensional 
construction drawings. (Qu, 2014) The conversion process is 
long, and building As-Built BIM  is often an exhaustive laboured 
process. 

Figure 13. Scan-to-BIM is a Conversion of PCD to BIM

Frequently, PCD is only used for measuring to build As-
Built BIM data, which is an essential subject to human error. 
Hence adequate integration of PCD within BIM and proper 
coordination of various data are vital. An algorithm of the 
BIM modelling process would be desirable for productivity 
and accuracy improvement, but its development is extremely 
complicated (Qian 2018).

For the development of a post-scanning algorithm, two 
significant challenges are Structural and Architectural 
Component Extraction (SACE) and Structural Nodal Point 
Detection (SNPD).

Figure 14. Structural Component Extraction from PCD

SACE (Figure 14) is a process of extracting and differentiating 
distinct components among complex PCD, and it aims to obtain 
the nodal force model for structural calculation and analysis, 
based on recognised components. This task cannot be done 
solely by the PCD model yet, due to the data structure of PCD 
as vertices. The component location information needs to be 
imported from another source, and BIM is the most valid data 
source for structural and architectural component locations. 
The algorithm of SACE can utilize the design BIM data. 

First, it recreates volume with generous parameters in all x, 
y, and z directions of all the structural components in BIM. 
Then, it omits the PCD outside the recreated volume. Some 
readjustment will be necessary for optimization; however, this 
will regenerate much-improved PCD for SNPD (Figure 15).

Figure 15. Structural Nodal Point Detection 

SNPD is the process of extracting force point from the 
registered PCD and eventually creating a geometric surface, 
commonly in the form of the non-uniform rational basis spline 
(NURBS). Typically, the method used is to generate a poly-line 
NURBS model from PCD, and a surface model of the NURBS 
model follows that. First, it is necessary to the differentiation of 
structural components into cross-sections. (Figure 16 and 17) 

Figure 16. Sectional Differentiation for Nodal Extraction

Figure 17. Differentiated PCD for Nodal Extraction



3D Scanning Data Coordination and As-Built-BIM Construction Process Optimization 115

This task can be adjusted individually or collectively by levels 
or grid. After this differentiation into cross-sections, every 
section is calculated into the centre points of the structural 
component centre points (Figure 18 and 19), and connecting 
these becomes a NURBS line. (Figure 20) These NURBS models 
can then converted into structural BIM. (Figure 21)

Figure 18. Calculated Center Points of a Column

Figure 19. Calculated Center Points of a Beam

Figure 20. Extracted NURBS from PCD

Figure 21. NURBS into BIM Surface Model

Before BIM conversion, extracted NURBS lines are readjusted 
the with closest intersection points. (Figure 22) Each structural 
components’ average dX, dY, and dZ locations are calculated and 
readjusted the NURBS model. For the readjustment, most of the 
structural component NURBS follow the column NURBS as the 
datum line. Thus, this NURBS model can be converted into a 
BIM or Nodal Model for structural analysis. (Figure 24 and 25)

Figure 22. Readjusting the Model by Intersection Point

Figure 23. View of BIM

Figure 24. Nodal Force Model for Structural Analysis

Cumulative errors created during the SNPD process are still an 
issue for the automatic NURBS extraction from PCD. How to 
readjust cumulative errors to achieve a more precise structural 
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analytical model would be the challenge.
The algorithm by Delphi program language for the post-

scanning is attached in Appendix B.

3. CONCLUSION

The paper has reviewed ongoing research on how to 
generate structural coordination and analysation through the 
integration of PCD and BIM. First, it explained the task of 3D 
scanning technology in construction within BIM projects. 
Then, it demonstrated the pre-scanning algorithm operation 
for optimum field acquisition. Last, the paper illustrated the 
automation process algorithm Scan-to-BIM for subsequent 
structural analysis. This ongoing research review of the 
integration of 3D scanning and BIM is a response to the current 
technological movement. The marriage of these technologies 
and technical knowledge is distinctly promising, and the paper 
suggests BIM as a platform of technical expertise.

Without a doubt, the development and union of these new 
technologies will bring monetary and fiscal benefit not only for 
3D scanning projects but also for the construction industry in 
general. The hope is to develop a stronger work-flow blending 
new technologies and eventually design a unique revenue model 
within the construction industry. (Kim 2018) Additionally, 
the paper wishes to be one of the manifestos proving the 
construction industry is also as advanced as other innovative 
industries in the Information Age. 

Ultimately, the purpose of this study is to maximize the work 
efficiency by the optimum locations of scanners and to develop 
a new tool for the conversion of the scanning data to geometry 
data of BIM. Especially, this study focuses on the conversion 
of the scanning data to the nodal force model for structural 
calculations. However, major problems of the scanning process 
such as the ways to reduce the capacity of scanning data and the 
methodologies to minimize the error in the fields of registration 
and analysis process necessitate the active and vibrant research. 
By the improvement of these problems, the usefulness of 3D 
scanner will be proved in the field of the construction.

Figure 25. BIM as Platform of Technical Expertise
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