https://doi.org/10.21289/KSIC.2023.26.6.1145 (K(S(](C

CE 0 MMSE &test HMS{ZF 1—|E. E||O|E-| %ilr 7|§ 7|.|HE+ 1145

— 0 = =2 20L 2L 0 O

X MMSE 8¢t A4l E2 HIolH &8t 7l JE

Development of Pointcloud Data Integration Technology in
Construction Sites via Drone Photogrammetry and MMS
LiDAR

o1 =2
I:I_II-XH_I_ s Oclj%l_

Jae-Woo Park'”, Dong-Jun Yeom?

(Abstract)

This study presents the development of pointcloud data integration technology in
construction sites via drone photogrammetry and MMS LIDAR. The integration of
pointcloud data from drones and MMS technology can provide precise and accurate
3D digital maps of construction sites, which can benefit the development of smart
construction and BIM. The advantages of using both drones and MMS technology for
pointcloud data acquisition in construction sites are discussed, along with the
limitations and challenges of using drone photogrammetry and MMS LiDAR for
pointcloud data integration. The results of this study can contribute to the
advancement of pointcloud data integration technology in construction sites and
improve the efficiency and accuracy of construction projects.

Keywords . Pointcloud, Construction Site, Integration, Drone Photogrammetry,

MMS LiDAR
1* A3, FAHIAIAAD, H=21871Ed+Y, 1* Construction Policy Institute, Korea Institute of Civil
AR HALA, AT Engineering and Building Technology

E-mail: jwpark@kict.re.kr
2 AeY, TEAR, A7 eATYd, A8 ATA, 2 Construction Policy Institute, Korea Institute of Civil
HRALS Q195 ST EEAL Engineering and Building Technology



AL BT =2 H26 H63

T

2T AnfEZML] DA9LE 9ot At ol
el X wel kg EgAgel 3%
UAESE 913 i 7lso] AR AU
I QtH1-8l. B8 EFdde] 3 viEE ¢
A B8 ARIESFES SO H HeoleE A4
skAY, MMS(Mobile Mapping System) 7S
e T FQl A o] A83ke] LIDAR
(Light Detection and Ranging) 7|%Fe] H+t
o[El & AAtte 7eo] FE &EEh

A dHol"e] H5E Il ARE= &2t
MMS= Hlole F5 911 3 W3k 5ol tiulge]
el 7 IS SOl 5% A HlolHs 4T
Hebel B4 Adoh B8 dF A¥ Ve
Aol dHeoleE HSSER 3 HolE
Hos At HlolE7t A== W, MMS
+ A ZHS Y= dol"HE S
[eg Addider o 458 4
tloje] A dare|Ee] Aol
HA5E AL dol"Y
7ol vl $==5k7] f

dolelE 5%

i %ﬁg%r&%%ﬁmlmjﬁ
& = 2,
Ol‘_‘%::lﬂ 1 ox. ofy
i1

_‘_(]I l"

lﬂrﬁfg‘-{ﬁ

Moo my

R A

il

A

i
Ol

o

T

] BIM(Building Information Modeling) 52
2 7hsAo] o AR 7|tk

ATe] HAE EA4o] AR thE EE, MMS
ol A< HlolHE &83dto] ¢ =8 EF
g e WS 5 d=E ok S 7
Ndshk= Aotk &, ©<es] F i o]
B9 eHg(Overlapys $¥sk= Zlo] ofd, &
&, MMSE5E| 355 dHolE o] S45 efsto
T Hole7l AuHe ES fAT & UeS

=
She €% 7les NEekaL, AA @F dolHE

(e}
reh o
o
1o
%
o
)
N,
.

0
i
>
Ool-
ok
>y
o, [
o
£

b dm K
o

e 12

N
)
S

s
o oX

i

283kl T Vel 452

2. 0|2 1H
2.1 EE MMS 71 8 ARl &AM

211 EE 7l 2EAR 24

T2 7]Hke] ARIZEKPhotogrammetry)s: B85}
of 3l Hxd He sk 7 DEEA A
SAKSIFT Bre 883 omA] 7+ wid FRIE
2, 2)Structure from Motion (SEM)& £3t oJn]]
7¢ oS 322 3)Multi View StereoMVS)S &
|3 1k AT AL Al TH] HAR S

o= 3 E2HUS State Department of
Transportation) Ar=e] W= ¢F 2079 &=
T A4t ZEAEZE Y Folw, A 5|zt
3070 ool AFEIAZE WXHE ZO® RAE]
%}, Table 12 wl=ollA 2 o0E =2 2
APATE 2438 Aol

2.1.2 MMS 7|& 28 Al &4

MMS 7]5te] LiDARE 283t 34 tx4d
Be A 94 71e DHlolE ZEH, 2)
7IEQE FZ, PHY EGAE F
Fol Al 714 SAIE Sl ATk
2o w2 #2 4719] MMS
ol ¥ 1479 AEIATL
oltk. Table 2% ul=toflA|

o

R M el

Ao

=| 1%
5
o ]
N

ok >

15

=y
HU

1 r:,_l‘
124
o
o
ro, o
>

N

ki

4y

of >’_\\l_4 _LI
w3
sy

i

i

o

re

P

iy o

e
o

=

A1 %9

£

o
N o
Do Az
z 41 2

i)

>,

1o

2,

L)
sk

_1

FLH

o

E
Accuracy 52| Xjol7} HAsln R ol £33 T



K¢

EE Y MMSE 283 HUHY YT EOIE ST 715 Y

L =20 1o

Table 1. Literature review of research project using drones

Title

Contents

Assessment of Construction Points for
Grade Control and Reference in 3D
(Georgia Institute of Technology) [9]

- This

technology quantifies current earthwork volume by
comparing 3D design plans with the current surface model.
UAVs are ideal for route surveys, but high-precision on-road
surveys favor ground-based laser scanning.

Improvement of Low Traffic Volume
Gravel Roads in Nebraska
(University of Nebraska-Lincoln) [10]

- Research using UAV-based 3D digital maps to assess surface

conditions of unpaved roads. Parameters like width, slope, and
crown profile are calculated from 3D digital maps, allowing
quantification of deteriorated road surfaces.

Guidelines for utilizing digital maps
generated by UAVs in road construction
(Georgia Institute of Technology) [11]

- An assessment of UAV digital map utility via focus group

meetings and field tests. The meetings provided guidelines on
data requirements, like 3D digital maps, orthoimages, and
elevation models, for road construction experts.

OST-R CRS&SI Technologies Program
(University of Massachusetts Lowell) [12]

- Developed the CivilEye+DIC system, which combines imaging

radar and digital cameras, to assess the integrity of structures
and quantitatively determine damage.

Development of Multi-Sensor
Detachable Platform (ARoMI)

- Developed a technology that enables self-contained 3D modeling

of construction sites without blind spots using 3D radar and
SLAM (Simultaneous Localization and Mapping).

Table 2. Literature review of research project using MMS

Title

Contents

A Comparative Study on the Efficiency
of Road Construction Management
Using a 3D Point Cloud Created by
LIDAR and Photogrammetry (Iowa
Department of Transportation) [13]

- This research assessed road flatness using 3D point clouds

from Terrestrial Laser Scanning (TLS) and Photogrammetry. TLS
has minimal errors in typical conditions but may encounter
mechanical errors. Photogrammetry results can vary based on
the photographer's skill and lighting conditions. Both methods
support automated data collection and analysis for road
flatness management.

Assessment of Construction Points for
Grade Control and Reference in 3D
(Georgia Institute of Technology) [9]

-In this study, a mobile robot was introduced to create 3D

digital maps during road construction. This demonstrates the
potential of a Mobile Mapping System (MMS) and achieves full
automation from data acquisition to analysis.

LiDAR-Based Mobile Mapping System
for Lane Width Estimation in Work
Zones (Purdue University) [14]

- This study presents a technology for generating 3D digital

maps by integrating a multi-unit LiIDAR system and GNSS/INS
into the MMS. The research successfully distinguishes lanes in
data based on the intensity of reflected laser beams and demonstrates
a high accuracy of approximately 3 cm in field experiments.

Project Progress Tracking using LiDAR
and 4D Design Models (Oregon state
University) [15]

- This study calculates road facility completion using MMS-

generated digital maps and 4D models, with automation

expected to reduce processing times.
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Table 3. Point Cloud Data Uniformization and Integration Algorithm

Title

Contents

Random Sample
Consensus (RANSAC)| |, log(1=p)

log(1—(1—n)™

- RANSAC generates the number of samples by extracting commonalities among
randomly selected points using the following formula.

K-d tree

- The k-d tree is a binary tree composed of k-dimensional points, and it organizes
points using a spatially separated data structure, which helps in identifying outliers.

Moving Least Square

(MLS) [16] steps, as follows:

- MLS, which stands for Moving Least Squares, is one of the most widely used
filtering techniques among the projection-based filters. It consists of two main

Voxel Grid (VG)

- The VG filtering method first involves generating an arbitrary 3D grid, within
which it calculates the point density. This approach aids in identifying and

Filtering removing outliers within the grid.
- Similar to the k-d tree method, this approach involves classifying nearby points into
k-NN down . . . . . . ; . .
sampling k dimensions and downsampling from regions with high point density. It generally

requires relatively higher computing resources compared to other methods.

Voxel-based down

- This method involves converting point groups into voxels and generalizing the
point density of these voxels, which is relatively complex and carries the risk of

sampling removing the original terrain characteristics of the raw data.
- The RS-CNN method uses deep learning to extract local features from the original
RS-CNN down . . . . .
sampling data and performs point cloud downsampling based on this, preserving the terrain

characteristics of the raw data.

Graph-based down
sampling

KCNet and FoldingNet,

-In various deep learning-based point cloud classification technologies such as
downsampling
(k-nearest neighbors) graph. This approach involves taking the maximum features
of each node through max-pooling.

is performed using a pre-built k-NN

Critical Point Layer
(CPL)

- The CPL method uses feature maps that have undergone max-pooling to identify
key feature points. It performs downsampling based on these identified points.
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