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Abstract Compared to aerial photogrammetry, UAV photogrammetry has advantages in acquiring and
utilizing high-resolution images more quickly. The production of 3D models using UAV photogrammetry
has become an important issue at a time when the applications of 3D spatial information are
proliferating. Therefore, this study assessed the feasibility of utilizing 3D models produced by UAV
photogrammetry through quantitative and qualitative analyses. The qualitative analysis was performed in
accordance with the LODs (Level of Details) specified in the 3D Land Spatial Information Construction
Regulation. The results showed that the features on planes have a high LoD while features with elevation
differences have a low LoD due to the occlusion area and parallax. Quantitative analysis was performed
using the 3D coordinates obtained from the CPs (Checkpoints) and edges of nearby structures. The mean
errors for residuals at CPs were 0.042 m to 0.059 m in the horizontal and 0.050 m to 0.161 m in the
vertical coordinates while the mean errors in the structure's edges were 0.068 m and 0.071 m in
horizontal and vertical coordinates, respectively. Therefore, this study confirmed the potential of 3D
models from UAV photogrammetry for analyzing the digital twin and slope as well as BIM (Building
Information Modeling).

Keywords : UAV(Unmanned Aerial Vehicle), Photogrammetry, High resolution image, 3D model, LoD(Level
of Detail)
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2.1 SfM(Structure from Motion)
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Fig. 1. Concept of SfM [10]

2.2 LoD (Level of Detail)
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Table 1. Classification of LODs
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L I SRR )

laree 3D water
. 'g . 3D traffic data 3D building data resource
classification
data
middle . traffic residential extra-residential specialized
o road railroad . s T water
classification facility buildings building
resources
unit road bridge public institution
sub surface unit railroad / tunnel general house / industrial facilities revetment
classification / road cross surface / road traffic / apartment house / welfare facilities / levee
section facilities etc.
Table 2. Examples of 3D model production by each LOD
assif Samples
ficati
classitication Level 1 Level 2 Level 3 Level 4

Traffic data

Building data

Water resources
data
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Fig. 2. Study Area

Table 3. Specifications of UAVs and sensors

UAV
Item
Rotary wing Fixed wing
Appearance ) D- b
UAVs
/“‘/
Company DJI senseFly
PowerShot
Model FC6310 ELPH 110 HS
Company DJI Canon
Sensors
Focal 8.8 mm 4.0 mm
length
Resolution 20.0 MP 16.1 MP

Table 4. Flight parameters in each study area

GSD Flight height Overlap (%)
Area
(cm) (m) Endlap Sidelap
A 2.5 90 60 70
B 2.5 90 60 70
C 4.5 120 60 70

3.3 3t 2 XM

FRAFFT DT o83t 33 2d A 22 BentleyAt
9] Context Captures °]-8-5}%t}. Context Capture
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Fig. 4. Producing of sparse point clouds and
3D model by context capture
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Table 5. LoDs in traffic data

Features LoD 3D model
Road Level 3
Rail Level 3
road

Bridge Level 1

412 712 HOJE| LoD 24
A2 AUEE 93, 5565 z
o= B45I9Ie Table 69 %L % #90] 4
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33 R 9494 9 SR 22E 93 A
usislon 8 BEY o BRI Ak A
=) ghot LS Level 3€ Uehict. 23 A% 3
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o ABY A9 ke FASE 339 mHo] &L A
YEE AFEon Fo] RolI4E R AYES 1}
ehi7] YEYUT 15 ABUSE 24 9 A Byt

Table 6. LoDs in building data

Features LoD 3D model
.~
Single Level
story 3
building
Medium Level
story 3
building
High Level
story 2
building
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Fig. 5. Distortion of 3D model
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Table 7. LoDs in water resource data

Features LoD 3D model

revetment
&

levee

Level 3
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Fig. 6. Altitude changes according to the
different terrain slope

4.2.2 X[gX=s 0

Fig. 8. Extraction of 3D coordinate using
viewer
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Table 8. Comparison of CPs coordinates between field survey and 3D model (unit: m)
Field suvey (A) 3D model (B) ® -®
Area Sort
X Y 7 X Y Z AXY YAVA
CP1 320326.306 175786.293 15.372 320326.300 175786.320 15.450 0.028 -0.078
CP2 319908.295 175464.140 25.658 319908.290 175464.120 25.670 0.021 -0.012
CP3 319905.588 175682.361 22.126 319905.610 175682.370 22.260 0.024 -0.134
A CP4 319641.904 175170.387 37.876 319641.920 175170.410 37.910 0.028 -0.034
CP5 319990.213 175111.190 33.266 319990.230 175111.290 33.230 0.101 0.036
CP6 319988.799 175115.079 33.245 319988.850 175115.090 33.210 0.052 0.035
CP7 320361.727 175836.349 14.971 320361.750 175836.380 14.990 0.039 -0.019
Average error 0.042 0.050
CP1 279818.922 196964.518 85.963 279818.950 196964.530 86.020 0.030 -0.057
B CP2 279726.530 196819.280 61.433 279726.540 196819.240 61.480 0.041 -0.047
CP3 279889.134 196982.227 87.416 279889.080 196982.150 87.460 0.094 -0.044
CP4 279723.506 196881.194 56.817 279723.520 196881.160 56.740 0.037 0.077
Average error 0.051 0.056
CP1 301637.103 222018.146 7.710 301637.080 222018.210 7.840 0.068 -0.130
C CP2 301813.379 221859.242 10.256 301813.410 221859.200 10.390 0.052 -0.134
CP3 301921.156 221976.621 17.622 301921.180 221976.570 17.840 0.056 -0.218
Average error 0.059 0.161
Table 9. Accuracy analysis of 3D positioning by each object (unit: m)
Field surveying (A) 3D model (B) @ - ®
sort X Y 7 X Y Z AXY YAV
P1 320361.645 175832.079 14.855 320361.670 175832.080 14.880 0.025 -0.025
manhole P2 320367.012 175835.813 14.887 320367.060 175835.830 14.960 0.051 -0.073
P3 320371.037 175834.754 14.917 320371.080 175834.750 14.920 0.043 -0.003
street P4 320232.623 175893.827 14.591 320232.590 175893.800 14.700 0.043 -0.109
light P5 | 320196.648 | 175908.490 | 14.501 | 320196.620 175908.430 | 14.600 0.066 -0.099
P6 320249.436 175891.170 15.238 320249.390 175891.210 15.290 0.061 -0.052
guard P7 | 320064.189 | 175966.966 | 17.179 | 320064.100 | 175966970 | 17.110 0.089 0.069
rail P8 320062.771 175963.616 17.05 320062.790 175963.540 17.080 0.078 -0.030
P9 320248.734 175887.662 15.156 320248.580 175887.700 14.980 0.159 0.176
Average error 0.068 0.071
AG-AES o83 33 FAF = A Al . A=
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