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Abstract Recently, many studies have examined UAVs (unmanned aerial vehicles), which can replace and
supplement existing surveying sensors, systems, and images. This study focused on the use of UAV images and
assessed the possibility of utilization in areas where it is difficult to obtain GCPs (ground control points), such as
disasters. Therefore, 3D (dimensional) pointcloud data were generated using UAV images and the absolute/relative
accuracy of the generated model data using GCPs and without GCPs was assessed. The results showed the 3D shape
pointcloud generated by UAV image matching was proven if the relative accuracy was set, regardless of whether
GCPs were used or not; the quantitative measurement error rate was within 1%. Even if the absolute accuracy was
low, the 3D shape pointcloud that had been post processed quickly was sufficient to be utilized when it is impossible
to acquire GCPs or urgent analysis is required. In particular, the results can obtain quantitative measurements and
meaningful data, such as the length and area, even in cases with the ground reference point surveying and
post-process.
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2.1 VAV 7|d|et &3 HolE =

2.1.1 UAV 7|H|

A dolEE A5 918 UAVE 4 o] - %

3} AR BeF dsto] 7Hsata, 1 (hovering)
o E3 obg Al A

g Aol 5 949 A= X3
(quadcopter X type) 71#E AH&-3FATHFig. 1). 71 Al
© YA EkSony DSLR ILCE-7M2, 24.3
megapixel, 6000 x 4000 pixels, 85mm focal length)<}
AR ARASS AT GPSSH IMU  E37dw]Rl
ApplanixA}2] APX-15 UAV7ZF A= o] )

Fig. 1. Gryphon Dynamics X8

Table 1. UAV specification

Item Spec.

Model Gryphon Dynamics X8
Max. payload about 5000 g
Max. speed 12 m/s

Weight 10.8 kg (except Battery)
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212 ¢ dolg S Table 3. Coordinates of GCPs (unit : m)

AFS 93 FAYE Ro|FEES 4ol 15m, & 1D X Y 7
3m, %7 03m 2712 AAehelon], G4e w o GCP 01 |  248076.090 534336374 62.775
e L
i%oﬂ o At el 7= AHE el GCP 04 | 248081.522 534340.657 62.808
o] A&k vl AAsY, st H)d 2= E H(strip) GCP 05 | 248084.421 534346.769 62.777
Hémgl"ﬂ Tx2E A7 RFELEE HAge] 4SS F GCP 06 |  248085.604 534345.784 62765
S8tk Ro|TFxET F5H UAV 972 Fig. 29
Zon, 944 AY-2 Table 29} 715“’/}. Table 4. Coordinates of CPs (unit : m)

D X Y Z

i T CP 01 248074.969 534336.188 62.856

N . i 3 2 . —— CP 02 248077.281 534334250 62.769

— a S e e CP 03 248084.422 534347813 62785

| e q % CP 04 | 248086.625 534345.813 62.752

DSC08537 DSC08538 DSC08539 DSC08540 DSC08541 DSCo8542 CP 05 248084.063 534346‘000 62,760

S CP 06 | 248084344 534346375 62.769

DiClass  DSCOES DSCORSSS  Dscoasde CP 07 | 248084.391 534345.688 62755

Fig. 2. Captured UAV images for test CP 08 | 248084719 534346.063 62744

Table 2. UAV image dataset

2 2 ofT1HpH
Item Details 2 A8
Image num. 16 images 2.21 UAV E& =X2|
Image size 6000 x 4000 pixels o
P P X
Flying height about 30 meter UAV 93§42 dlelete] g st 712 At

< flste] 2 A3elAE= 3D FwtvlolH EulE ARE-S
t}. 3D AwdolE s G4 FATNAN HxE ASHE
golelolth. At HelHe 538 F4Es 7k AAE
3DE AEEHA Fdstr)ol e Fxolm, A
G A 7 A BB A& 2ts %
of i E3HAl 2t Euliolt FA4S T
A HlelHES AXFHE(xyz) s 7HAIAL 9lel, At
"2 AX = Loldtch G| A e AngOft/\]'Qf]
A8 27391 Photoscan(pro 1.2 ver.)= AHE-3} S
o, 98 dolHE UAV 9733t 7hellet 913)/24 5
¢l SjFFEAasoIth ARRE @Y RFEPLAE
Table 5} 2t} 32 242 WA Align photo 715
o2 JFE A H(matching points)S FE3+] 7
g4 P4S AFs thS Build dense point cloud 7]
dAsh= By 2d3s dato] 7t

AL
AHS- A3 s Photoscan AP A A=

! ﬂ 7 Fig. 49} 2UH7].
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ol
2L
Ir 4

Fig. 3. Position of the GCPs and CP
(a)Position of GCPs (b)Position of CPs
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| Loading UAV images |
g

| Import orientation data ]
¥

| Input GCP (optional) |
d

[ Aligning UAV images |
¥

| Create dense pointcloud |
¥

| Export 3D pointcloud |

Fig. 4. Workflow of the processing to 3D reconstruction

1'2)2+(y1_y2)2+(21_22)2 (1)

where, X, y and z denotes the coordinate value of each

(171_

point
222 MiYeE Bpy
T8 dolHe Adr|EHoR AdHHNS a4 Agy H7} $o|= Build dense point
B Aot 9 - A4 A0S GREALLTOR A cloud VTR FEEE 3D AwdlelHe) AdE =
glgk A3} 7 7449 3D AwdlelelE AFeich 7 A Aske] GPS S At vluE ST Fig 62>
selolels GPS %3 Aogtate] iwE Fal Arhdel 22O 34 T3 A0 gk Som A5 PN 2
wdltg gawel A E5A 4es FrkdthFig. 5. F g HolTh
1. Assessment of “relative model configuration” ! |
@ 3D result with GCP . :
| = | Surveying data ® D ‘
[@ 3D result with No-GCP | (check points) ©
interval design (m) | surveying (m)
2. Accuracy Assessment of "distance measurement” A |CPO1-CPO0O2 20 3.0181
- ; B |CPOI-CPO03| 150 14.9840
";: 3D result with GCP | )
S(Ur:veimg _dat)a C |CP0O7-CPOS 05 04985
- check points
2 3D result with No-GCP . .
‘ - | Fig. 6. Distance between CPs
Fig. 5. Methodology of relative accuracy assessment
Table 5. Exterior orientation parameter (unit:m)
Image .
number X(east) Y (north) z Omega Phi Kappa
1 248086.673 534349.143 85.755 1.745 -4.271 -128.571
2 248085.897 534348.144 85.635 1.562 -4.379 -128.593
3 248084.874 534347.081 85.879 0.052 -2.699 -128.559
4 248083.826 534346.165 86.123 0.124 -1.924 -128.412
5 248082.874 534345.350 86.231 0.997 -3.012 -128.402
6 248081.978 534344.450 86.299 1.330 -2.122 -128.157
7 248081.190 534343.328 86.368 0913 -2.869 -128.028
8 248080.513 534342.223 86.484 0.564 -2.959 -128.169
9 248079.714 534341.073 86.536 0.346 -2.687 -128.044
10 248078.794 534339.819 86.518 -0.790 -2.892 -128.258
11 248077.845 534338.686 86.562 0316 -1.911 -128.189
12 248076.917 534337.573 86.562 -0.709 -2.509 -127.930
13 248075.818 534336.357 86.624 -0.144 -2.471 -127.771
14 248074.765 534335.286 86.714 0.739 -3.106 -127.521
15 248073.501 534333.972 86.669 5.155 -6.707 -127.551
16 248071.388 534331.645 86.650 6.841 -8.609 -127.441
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Fig. 7. 3D dense pointcloud of dataset I
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Table 6. The accuracy assessment of dataset [

(unit : cm)
1D AX AY AZ
GCP 01 -0.07320 -0.32233 1.79044
GCP 02 0.67671 -0.14392 -0.93095
GCP 03 0.04752 0.52696 -1.80683
GCP 04 -1.27471 0.15468 0.15265
GCP 05 1.17636 -0.21342 0.07529
GCP 06 -0.55376 -0.00262 0.71982
RMSE 0.79382 0.280411 1.1463

A 7Rz 3D AdlolE7E whEe] A7) A 4
oA FEoE FA4E FastH, dEd AxHE 3D 4
TdoE7} A E = 4o A Photoscan WH-A o2 1

QAT AL 5, AEA G AT DARE

o] Hrdlole] AollA gt 91X 227t HAPEAE
2502 ALtsi, Addeld 1 2d HAM s
+ Table 73 2t}

Table 7. The accuracy assessment results of dataset I

(unit : cm)
ID AX AY AZ
CP01 -2.89274 -5.25475 -12.0093
CP02 0.255811 0.62744 1.55835
CP03 -0.78517 -1.57942 -3.24842
CP04 7.98077 10.1590 7.72918
CP05 -3.64794 2.32883 0.61284
CP06 1.91822 3.02428 -1.44758
CP07 1.10006 0.24081 1.88149
CP08 1.79137 0.83828 3.81687
RMSE 3.43056 4.31619 5.44890

ANERE A A R, et A )
REA LS ol§ete] FHF Agulels I 2Y

9| =
o AL H7PAY+= Table 83 2th

Table 8. The accuracy assessment result of dataset II

(unit : cm)
D AX AY AZ
CPO1 -75.4459 7.68981 -79.4034
CP02 -72.5557 16.3726 -67.8728
CP03 -77.3808 16.4770 -37.0012
CP04 -68.7056 28.2989 -27.4775
CP05 -80.3602 20.1412 -36.1642
CP06 -74.9479 20.7646 -34.6352
CP07 -75.4761 18.0643 -34.2255
CP08 -75.0129 18.7273 -30.2782
RMSE 75.0526 19.0833 46.9459

A 37 A3, AgvelH 19 RMSEE %
(xy) ¢F 3~4cm, T4(z) &F S5emE HYor, A o]
H O+ %3(x) % 75cm, 53(y) ¢ 19cm 18|11 F
A8 F 46cms HAFUTE AF doly I
GCPZ Au9IA& BAS A=, 7 CPEo| A 9
29 FAEY BE AN HAAEE JE +
QatEol AL #}oZ ErAeH ExE AT s
Aoy I+ 54 xyz HFo R AAH o8 o] Ay
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(b)
Fig. 9. Overlap of the two dataset
(a)Horizontal difference (b)Vertical difference

UhS 7 diolE o AR E Ut AEE et
Ak olE H8 AAAEES] A AME FAEA

o, Table 9 and 10> A uo|E{E9] HAME 2+ A
SAx e} AA S A FAXE vl dFfo|r}

Table 9. Comparison of the surveying and dataset I

(unit : m)
width | surveying | with GCP Avalue error_rate (%)
A 3.0181 3.0584 20.0403 134
B 14.9840 14.9360 0.0480 0.32
C 0.4985 0.4929 0.0056 L12 (b)
Avg. 0.93

Table 10. Comparison of the surveying and dataset II

(unit : m)
width | surveying no-GCP Avalue error_rate (%)
A 3.0181 3.0394 -0.0213 0.71 ©
B 14.9840 14.9420 0.0420 0.28
c 0.4985 0.4903 0.0082 1.64 Fig. 10. Developed program for Distance measurement
Avg 0.88 (a)Distance A (b)Distance B (c)Distance C
Aatdlely Rl Ao et Jrbast, Ad7)% Table 11 and 12+ 3D #<*d|o]E] 7]ukoj A 2|
A AR ool wAglel o dlelHE e BE A 2 oel5e] A S4Ast A4 3 AR wad 2
A2 0.93, 0.88%= Wi A& JHFGEE Bl gjo|n}
#9lr.
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Table 11. Distance measurement result on 3D pointcloud
of dataset I (unit: m)

Table 14. Area measurement result on 3D pointcloud
of dataset II (unit: m’)

surveying | with GCP Avalue error rate (%) surveying no-GCP Avalue error rate (%)
A 3.0181 2.9500 0.0681 2.25 A 44.691 45.929 1.238 2.77
B 14.9840 14.9240 0.0600 0.40 B 0.227 0.243 0.016 7.05
C 0.4985 0.5080 0.0095 1.90 Avg. 4.91
Avg. 1.52

Table 12. Distance measurement result on 3D pointcloud of
dataset II (unit : m)

surveying no-GCP Avalue error rate (%)
A 3.0181 2.9340 0.0841 2.78
B 14.9840 14.9640 0.0200 0.13
C 0.4985 0.5030 0.0045 0.90
Avg. 1.27
t5-2 3D Aol 7gke A AddelgEe] |

t Aybo|th, WAL Fig. 113 2o

()

Fig. 11. Developed program for Area measurement
(a)Area A (b)Area B

Table 13. Area measurement result on 3D pointcloud
of dataset (unit: m’)

surveying | with GCP Avalue error_rate (%)
A 44.691 44.207 0.484 1.08
B 0.227 0.216 0.011 4.85
Avg. 2.97
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