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An IPA-based Evaluation of 3D Scanning Technology Application for Quality Control in Modular Construction Projects

Table 1. Classification of 3D scanning methods(adapted from KICT[3])

Classification Scanning technology Scanning method
Close contact type scan Contact type scan - Data interpretation method scanning using a contact inspection device
. . - Time of flight measuring method scan
Long-distance laser method Laser scan, LIDAR £ g

- Phase-shift detection method scan
- Handheld method
- Line scanning method
Lo Camera, Stereo camera, ) Photog'rammetry scan method
Optical image method Depth camera - Stereo image scan method
- RGB-Depth scan method

Short-distance laser optical method Optical 3D scan, Laser scan

271 Elofe o] 270 FJH P AEE2 ARSRA o w2t F4 ol Zle)7t Lo ™, of= AgAlE(Level of Detail, LOD)
o2 7ottt LOD®| 7% At Wit s el wet -2 =, s LoDl g A2 & 98 3 W82 Table 29F 2t

Table 2. Level of Detail(LOD) definitions for deliverables(adapted from KICT[3])

Scanning result Output
Level of Detail(LOD) Tolerance Averag'e dot Resolution Content Category
density

LEVEL 1 +50 20 100x100 - Dot data -

- Dot data -
LEVEL 2 +15 10 30%30 - 3D parametric Model -LOD 200

- 2D drawing -Elevation drawing

- Dot data -
LEVEL 3 +10 5 20%20 - 3D parametric Model -LOD 300

- 2D drawing -Plan,section,elevation,detail drawing

- Dot data -
LEVEL 4 +5 2 1010 - 3D curved model ;

- 3D parametric model -LOD 300
- 2D drawing -Plan,section,elevation,detail drawing
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Table 3. Application of 3D scanning in construction quality management research

Research .
Part Author Research purpose method Suggestion Year
. e “Guideli ted focusi thy
“The main purpose of these guidelines is to uietines .were create oc.:usmg onthe
. . content required when working on a request
effectively apply 3D scanning technology to .
oy for proposal for a business order, and the
. KICT records and actual measurements of building S . .
Regulation s . . Guideline entire process from scanning work to data 2021
[3] facilities to build good quality data and .
. . . . . post-processing and output of results was
provide practical guidance and information . .
. , ) organized and proposed so that 3D scanning
that can be used to suit the orderer’s purpose "
work can be understood.
“The 3D laser scanning technology used in
the case analysis site in this study is 3Ddata . . . .
. . . . Quality inspection using 3D laser scanning
. particularly time consuming and research comparing . . .
Kim L can inspect many parts quickly with less
and development is being conducted as an real .. 2021
[4] . L . . manpower compared to the existing
efficient application method for the quality ~ construction . . . ’s
. . . Lo conventional inspection method.
inspection of construction that require high data
precision.”
“Thi he i flevels of  Fiel . .
. s pa.p et assesses the 1m19.a<ft otfeveis o l.e d test “The value for pursuing automation of such
Case study Esfahani etal. automation and modeller training on the with five .
.. . modelling tasks should be based 2021
[5] accuracy and precision of generated BIM modelling . . .,
. predominately on time savings.
data. scenarios
“In regard to engineering, modelling from
“ . . reality offers an efficient alternative for
. Two case studies are introduced to .
Arayici . engineers and surveyors. For example,
demonstrate the use of laser scanner Field test . . . . 2007
[6] technology in Built Environment.” engineers can use the information that is
ey ’ converted into IFC can be used in the
building lifecycle for regeneration.”
“Thi h utili hy Fiel
. is research utilized the most modern . l,e d test “The results showed that the above technique
Bhattietal.  models of laser scanners and accompanying  using Faro . .
. provides the best outcomes for reducing 2021
[8] software capable of accurately capturingand 3D 150-S . ’
. . > seismic damage collapses.
aligning point clouds. laser scanner
Using “Different machine learning algorithms were
Yuan et al ““..aims to develop an automatic Terrestrial  compared, and the best algorithm showed an
[9] ' classification method for common building laser average classification accuracy of 96.7%, 2019
materials based on TLS data.” scanning  which demonstrated the feasibility of the
(TLS) developed method”
“..scan-vs-BIM is the most accurate
“..development of a framework for approach, parametric BIM updating
Scanning  Rauschetal.  deploying and comparing three distinct gDT ~ 3D Scan,  produces the most semantically rich gDT, 2023
data [10] approaches for use during fabrication and BIM and scan-to-BIM is a middle-tiered option,
application assembly in OSM(Off-Site manufacturing) striking a balance between representational
accuracy and semantic enrichment.”
. “This study desi fficient and
“This paper seeks to explore a more K-nearest 15 Stucy .e SIEnS & m.o re ethetentan
. . accurate quality evaluation process,
automated and accurate quality control neighbors . . . .
. including data collection, data processing,
process, focusing on the surface defects (KNN), L. . . 3
Xuetal. . . . indicator calculation, and quality evaluation.
in prefabricated elements. Laser scanning is ~ BIM, IFC . 2020
[11] . . Moreover, the results moving forward can
adopted for data collection and the 3D (Industrial . .
. . . provide feedback to the cause of the quality
reconstruction of the prefabricated Foundation . . .
« issues and further improve the production
components Classes) . . ’
quality of prefabricated elements
“This study ft the devel t of .
Son and Han scariS Talrlm}i/n O:;l:flfo(:inforemz:i]lef I(E*en °% 3 > "This paper proposes amodel-based 3D scan
P & Algorithm, planning method for modular components 2023

[7] fabricated components, ensuring the data

. . " TLS data  that ensures user-specified scan quality.”
quality for quality assessment.
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Figure 1. Importance-Performance Analysis(IPA) quadrant example
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Table 4. Application of 3D scanning in modular construction processes

Class LEVEL 0 LEVEL 1 LEVEL2 Code 3D Scanning Applications
Main Structural Assembly(A) F-SA Vertical/horizontal error
Deck Plate Construction(B) F-SB detection at joints
Structural : : :
1 Assembly(S) Fire-resistant gypsum board construction(C) F-SC Check installation location
& vertical/horizontal error
Wall(gypsum board, insulation) construction(D) F-SD detection at joints
"""""""""""" Electrical/communication wiring work(A) F-EI-A Check for interference
ili . ion(B F-EI-B
g4 00RO ,C cle POUIINg, healilg piping F-EI-C detection at joints
F) construction(C)
Interior and Check installation location
2 Exterior Installation of sanitary equipment(D) F-EI-D & Vertical/horizontal error
Finishing(EI) detection at joints
Interior(wallpaper, molding, etc.)(E) F-EI-E Check surface quality
Interior furniture(sink, storage cabinet, etc.)(F) F-EI-F Vemc.a l/hor1.2(.)nta1 error
detection at joints
Light fixture installation(G) F-EI-G Check for interference
Packagine and Packaging(A) T-PA Detection of modular unit
Ttransportation Trans gortition Loading(B) T-PB deformation and
(T) I()P) Moving(C) T-PC confirmation of damage to
Unloading(D) T-PD finishing materials
Foundation and Anchor Bolt Installation(A) O-BS-A Check installation location
based . .
construction & Vertical/horizontal error
work(BS) Base Plate Installation(B) O-BS-B detection at joints
Check installation location
Pre-lifting(PL)  Balance Beam Connection(A) O-PL-A & vertical/horizontal error
detection at joints
LiftingL) ~ Modular Unit Lifting(B) O-L-B Vertical/horizontal error
. detection at joints
On-Site Work ; R :
5 ©) Check installation location
Modular Unit Provisional Assembly(A) O-IN-A & vertical/horizontal error

detection at joints

Check installation location
Modular Unit Final Assembly(B) O-IN-B & vertical/horizontal error
detection at joints
Detection of modular unit
deformation and
confirmation of damage to
finishing materials

Installation(IN)

Roof Installation(A) O-FI-A

Finish work(FT)
Exterior Panel Assembly(B) O-FI-B
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Table 5. Paired t-test results(Importance-Performance)

Importance Performance GAP .
Num Code Moan D Moan D (1-P) T Section

1 F-SA 427 1.17 4.45 1.30 -0.182 2.0859 * 1
2 F-SB 4.41 0.90 432 1.10 0.091 3.127 * 1
3 F-SC 4.14 1.04 3.77 1.18 0.364 2.2567 * 1
4 F-SD 4.05 1.02 3.36 1.21 0.682 2.4509 ** 2
5 F-EI-A 3.95 0.74 4.00 1.08 -0.045 2.1394 ##* 4
6 F-EI-B 4.00 0.87 3.45 1.13 0.545 4.4820 *** 3
7 F-EI-C 3.95 1.16 423 1.26 -0.273 2.0850 ** 4
8 F-EI-D 3.45 1.02 4.05 1.15 -0.591 -1.3000 ** 4
9 F-EI-E 4.50 0.95 3.41 1.15 1.091 2.0901 *** 2
10 F-EI-F 4.05 0.91 3.45 1.13 0.591 2.1232 % 3
11 F-EI-G 4.00 1.10 3.73 1.25 0.273 -0.1142 * 4
12 T-PA 3.55 1.01 3.50 1.22 0.045 3.9004 * 4
13 T-PB 4.00 0.77 3.41 1.01 0.591 2.1229 * 3
14 T-PC 3.23 0.83 3.14 1.05 0.091 2.8284 HH* 3
15 T-PD 2.95 1.12 3.36 1.29 -0.409 3.8606 * 3
16 O-BS-A 4.59 1.10 291 1.25 1.682 2.3204 *** 2
17 O-BS-B 4.41 1.30 3.68 1.40 0.727 -1.4737 *** 1
18 O-PL-A 391 0.95 3.32 1.11 0.591 1.9754 *** 3
19 O-L-B 4.50 0.95 3.73 1.13 0.773 -0.8257 * 1
20 O-IN-A 4.18 0.96 4.09 1.14 0.091 -0.5477 * 1
21 O-IN-B 4.55 0.85 3.27 1.10 1.273 2.1053 ** 2
22 O-FI-A 4.27 1.04 3.64 1.22 0.636 3.3779 *** 1
23 O-FI-B 4.05 0.43 3.55 0.89 0.500 -1.1619 ** 1

* p<.05, ¥* p<.01, ¥** p<.001
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Figure 2. IPA analysis results for 3D scanning application in modular construction
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