DOl https://doi.org/10.13161/kibim.2023.13.4.064

UAVS} BIM BEE &8

xX{ HIH
= O O H

AES 22 &9 x|

Structural Damage Localization for Visual Inspection Using
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ABSTRACT: This study introduces a method of estimating the 3D coordinates of structural damage from the detection results of visual
inspection provided in 2D image coordinates using sensing data of UAV and 3D shape information of BIM. This estimation process takes
place in a virtual space and utilizes the BIM model, so it is possible to immediately identify which member of the structure the estimated
location corresponds to. Difference from conventional structural damage localization methods that require 3D scanning or additional
sensor attachment, it is a method that can be applied locally and rapidly. Measurement accuracy was calculated through the distance
difference between the measured position measured by TLS (Terrestrial Laser Scanner) and the estimated position calculated by the
method proposed in this study, which can determine the applicability of this study and the direction of future research.
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Figure 1. Framework of computer vision based visual inspection using UAV
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Figure 2, Transformation between a virtual camera and a virtual structure within a reconstructed scene
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Figure 5. Real target object structure and its 3D shape model in virtual space
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Table 1. The result of the experiment

Error (m)

= X (East) | Y (North) |Z (Height)| XY XYZ
AVG| —0.651 | —0.593 | 0.084 0.881 0.888
1 SD | 0.345 0.261 0.064 0.431 0.429
AVG| —0.681 | —0.624 | 0.071 0.928 0.954
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AVG| —0.176 | —0.218 | 0.172 0.286 0.341

4 SD | 0.159 0.120 0.055 0.190 0.181
AVG| 0,133 0.013 0.146 0.279 0.340

° SD | 0.284 0.215 0.074 0.228 0.192
AVG| 0,662 0.161 0.274 0.692 0.751
© SD 0.231 0.176 0.121 0.258 0.262
AVG| 0,629 0.130 0.383 | 0.658 0.807

! SD | 0.305 0.231 0.203 | 0.349 0.271
AVG| 0,795 0.309 0.227 0.857 0.891
8 SD | 0,227 0.173 0.126 0.267 0.280
AVG| 0,722 0.208 0.255 0.767 0,842
? SD | 0.445 0.269 0.155 0.491 0.440
0 AVG| 0,831 0,361 | 0,152 | 0.906 0.925
SD | 0.102 0.077 0.137 0.125 0.140
AVG| 0570 0.320 0.211 0.673 0,728
AL SD | 0.363 0.252 0.137 0.412 0,394

=3 ZH|2EH
£ IFH0IA UAVE]

71018 4 QU= 717] 37} QUck Holef 4
21 MASOIA 2B QFIOICH GNSS, IMUOIA] st
HolEISS 25 K12 Eastn Utk 2 A0l 225 &

O AN =
H|Of BfAiEl GNSS= cm Hl9] =S 2u oLt [

70 Journal of KIBIM Vol.13, No.4 (2023)

ol

UAVZ} HigfH = gISES Tfetsh=0| A

o A wetd o U= S5 7 U 2 S0 U0
of

ofo

on

Ir

S~

N

|—>-

x

10
>zooy m
rnr 4o

Sampling Distance)9| StAZ ISt @Xt7t 2HAst 4~ QIrt Al
Hofl AFRE UAV 7HH|21e] siAtE= 5.280X3,9560|0, Al
A== 17.3mm, ZEA2= 15mmO|Ch HAIGAS 7146
AHAISHH 100mOf| A 2.18cm/pixel2| GSDE 2= S &0l
= QUTF Aol M= 50%9] 0[0]X|7t Zk2f CHE IR0 Z
S0 S XIE7RIS| A2l Eot 282 ChE s el =
XIE7IKIC] Hel= Z|A 8.80mOllAf ZICH 23.80m7EX| CHRF
= 16.80mO|Ct ofof Z2X8t 15moilA2] GSD= 0.33cm/pixel
0|t 2|t 72[Q! 25mOf| A= 0.55cm/pixelO|Ct, M| AE &t
42 ZANGYO0| ofL7| m2oll Xt o S5E 4 UX(BH
0|2 &Rl GSDE QIgh @At= XA 2Xtof Chet Fo|
Xz 9t ACE HOIC & Him= 0[0[X] =0 THE 2Xf
olc}, A=o| ZHE0]| ol LUME 4~ = YA AH=(Radial
=]

=
distortion)2 0|0|X| SAICZEH

ol
=

o

YA e o= BHE A
7| Z0of 0[0[X] SN HO{E4F Fo= Qleh Hd =
Y QA7 HE 4= AT M| Billi= 7h FRE2 Qloll Lt
= A= QXITE Th S0l BiXIE Tk FRE2 A e
TAE9 S zofet BrSt BM ZH2RE 72 Y
HEE 0|Zot0 A=K M| 7229 s 2o
HigoiRlE ettt E8 0] 7ty F2=S HiXIoke 2HF0lA
T QAP LS 4 ATE RI0IM tZet Hik Z20] TLSE Sall

C Nl
rc
I
w
O
Q.
3
[}
=.
<
=
Y]
>
@
Q
3
8
=
>
lua]]
il

N
=
ikl
[0
HU
=2
40
]
=~
i
m
4
|0
i
>
=
I
0

=5ye 7xg0l

ki

o oL 0%
o g

NHA
o
40
10

I
AP
oA

(Figure 6). W2tN, @XE £0]7]
Ol A BHO{ it ARMOf A OJ0|XIE EHotK| = A0l &L,

oA rlr rr
iml

g



25
.
2.0
’é\ 1.5 - ®
= .
£ 1o .o Joery”
ML o, L o ®e
0.3.,.-.;. oo o
-o%';
0.5 e 0
oo ..°
U
o® oo
0.0
0 5 10 15 20 25

Measurement distance (m)
Figure 6. Correlation between measurement distance and
error

3.3 2%} BF

o
oA
MUE
rx
=
ooqun
ro
M
HU
=2
e
<@ Hu
oh
=
20
0
]
~
%o
u
El

o
©
Ton
>
2
3
>
2

o

HT o
ox
i)l
1554
1o
4>
%
L St
o H
0 1o
>
fu
ro
fon
o
4>

wxomu ooX ok
4 2 Mo
oA E N
rswtOL%
el
o e
6|->-|\0—?—
5 3o
- f
n &~
oz oA
rmgOT
e x 2
&=
=10
oA 2
)
o L
o mo M
2 4o 4o
HT
0% o
o=
IE

0g
ol
N
410
rol
=2
>—
[S)
'_!T|_
M

t

rr
I

of

AT K[t

AXIE Alttok= 2HE0lA 7ozt
Ei(Figure 42| CT 0fl o) 7t ALHEICE
AN SH 7(XIE9] 3xH IRIE Lm ot
g 7[X[Ho=o| HEf E5t AbE 2

Ole 2 QAP Exteltt, S&et 7|X1Hol o 2] 1y
C

:Cl>|__l
i
Vol

I
1T
m
i
el
1
i
HU
10

ES
i
oz
Ho
>
2
=OI|__I

S Mo Yy otoqr oy
N @
m)n It
0 S D
OF
i
%
B QT
oA

Jor Mo 5
© o
= on
HL ob
ox T
Bl Jon
N
ol
o g
o
Emo
of =
Moz
A
o 2

o
El]
toh
R
o
ro
in]
=)

Orientation
error

Figure 7, Example of error correction method
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Table 2, Comparison table of error correction

Error (m)

Before correction | After correction || Error reduction
ID XY XYZ XY XYZ XY XYZ
1 0.881 | 0.888 | 0.225 | 0.237 || 0.656 | 0.650
2 0.928 | 0.954 | 0.450 | 0.474 | 0.478 | 0.480
3 0.471 | 0.542 | 0.376 | 0.440 || 0.095 | 0.102
4 0286 | 0.341 | 0.547 | 0.560 ||—0.261|—0.219
5 0.279 | 0.340 | 0.940 | 0,945 ||-0.661|-0.605
6 0.692 | 0.751 | 05632 | 0.579 | 0.160 | 0.172
7 0.658 | 0.807 | 0.543 | 0.643 | 0.115 | 0.164
8 0.857 | 0.891 | 0.494 | 0,533 | 0.363 | 0.358
9 0767 | 0.842 | 0.609 | 0.631 || 0.158 | 0.211
10 | 0.906 | 0.925 | 0.458 | 0,532 || 0.448 | 0.393

f;’:; 0.673 | 0728 | 0,517 | 0,558
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