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Chang Keun Lee', Dongyeob Han’
leong Dong Engineering Co. LTD
"Department of Civil Engineering, Chonnam National University

ol A 2 3.0 o139 A ¢4 W17} gobA| AL flon, et 4 7S ol&ste] 2= tid

o
2
L
FIJ
}{J

U—Yl
o
HE Obo
oo

A7 9 BohsHe Q77 olRoiXT Yk B AT Adol e T2 AW $YE BAs Astol 5
A 70 B3 78S Agsltt A8 Astel A glo] T TEE BFL Aok AEEAS olgsto]
AuE HSIAt. TG4 7 e ARG Q7] 9stel Al 7H] BAR G Helstgint. A, 29 BF0) 23}
o e 712A 5949 2] BAIL ol8stol Tlet B SUsET B, BE BeYe hoR gAY

39 ARG B A, 74 PRt BGY S Hel ARE vlwstel HAEE WS Y Ax,
Frio] 2l Qi Stee] BB b Amst fAPA Uehtonl, adel 45 BASS U 2 WS Helxg
stel B 7N WS 24 71g0] TEE 25 F40) A8E 4 USS AT + Uik

Abstract Recently, the frequency of earthquakes exceeding magnitude 3.0 has increased in Korea, and
thus, research is being conducted to evaluate the impact of earthquakes on structures using various
measurement techniques. In this study, we applied a video-based observation technique to analyze the
seismic response of container crane structures. The study involved mounting a crane model on a
vibrating table and obtaining excitation information using accelerometers. Three steps were used to
obtain video-based displacement information. First, cameras were calibrated using target reference
points attached to the crane model and initial video frames. Second, the 3D positional information of
targets was obtained for all frames. Third, accuracy was evaluated by comparing excitation and
video-based displacement information. Results showed that targets near the base of the shaking table
displayed displacements similar to excitation displacements, while upper crane targets exhibited larger
displacements. This study demonstrates the suitability of video-based displacement measurement

techniques for assessing structural movements.
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Fig. 1. 3D positioning process
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Fig. 2. Relationships in camera projection
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Table 1. Earthquake data

. Epicentral PGAH | PGAv
Name Magnitude distance (km) @ @
Zarand Iran
Qadrooni Dam 6.40 23.62 0.22 0.11

759

A GuGg A, 27) 9 AR, kA 9 e
T WiE 2 ), A4 9 HE 59 /g Eer
a7 gao] dhet WA A%, AEUHTY Ago
7Rt Auloltt.

=

Table 2. Camera specification

D80OE D850
Manufacturer Nikon Nikon
Sensor 35.9%24.0mm CMOS 35.9x23.9mm CMOS
Effective pixels 36.30 million 45.75 million
ISO Sensitivity 100~6400 64~256,00
Lens 85mm 35mm
Video 1080p 24/25/30 _fps 4K 30/25/24p
720p 24/50/60 fps 1920x1080, 60/50/24p

S 9L FJstol DSLR 7HlEt D850, D8OOE
Z 37t AREEe™, 35 mm XS} 85 mm HAXRE
A&AtHTable 2).

Iran AXE ZARE A9 594 diste] =g
FE5Iich 19@E) 3¥1($) 7Hzhs 60 fps(frames
per second) %94, 2H(EFY) M= 30 fps 59
Ao g2 &=35tE]]ltt 594N Y(column)S 1920844,
F(row)Z 1080542 374 7t B 53 Z7|=2
P =K Table 3). #78 ZYll= 4 5398 A 9
A Ao =Rt AFS XHsIATh

Table 3. Video properties

Frame width | Frame height FPS
Camera 1 1920 1080 59.94
Camera 2 1920 1080 30
Camera 3 1920 1080 59.94
Fig. 32 H9 348S H3 AxE 29 919] BA
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Table 4. Camera interior orientation of the first

frame
camera 1 camera 2 camera 3
f (mm) 85 35 85

f (pixel) 3158.006 1585.206 3163.22

k1 -0.009 -0.19 -0.12

k2 0.1876 7.3524 0.4681

k3 -1.0018 -114.36 -2.0279

Fig. 3. Targets distribution on the crain ex (pixel) -283.28 -121.9 205.561
cy (pixel) 9.2406 191.06 60.4913

pl -0.0219 -0.0206 -0.0071

- bl 33.6604 -9.7347 -1.4938

sot

Fig. 4. Target Sample

32 HBEE 3451 fIste] Bl digt 21371E
H RS EFAHCIA o7t TSI5E ol8st #=
St 71Ed fiRle EEAHCIAY AAE, o] A
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A5 Weol FF AAR7] fste] R0l A%
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d& FHIUH(Fig. 5). Metashapes ©]&dto], &
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Fig. 5. Composition of camera and crane model

AUt Table 5. Camera exterior orientation of the first
Table 4= Metashapeg o]-8st] 44 7=t W frame

FHY 840t f= 2FAYR 34 F9E SPH Parameters Camera 1 Camera 2 Camera 3

k1, k2, k3= AR A= A, cx, oy Bk &9 X(m) 0.9937 2.0085 2.7433

HolT, pl A 4T A%, b1 7zt Axle] 71 Yo | 220 | 05031 2339

7)(skew)o]c}. Z(m) 0.9591 0.9132 0.8714
Table 5= =A% s}dje} QHEH o= %o we) 81.7461 89.3707 82.2599

A AST ol Folkel AAA HEAANN ) 7] g0 | 23 | oo | 10368

st AHZrolth X, Y, 7z 7HH e 9XE veErd K 0.1877 0.1698 3.3277

oL, w, ¢, k= A4 X, Y, 259 7 3

7o},
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Table 6. Accuracy of camera orientation using the

GCPs
Markers X,Y,Z Error
(m) (pixel)
point 9 0.0129 0.1922
GCP point 10 0.0130 0.3629
point 11 0.0025 0.2399
Total Error 0.0106 0.2750
point 1 0.0459 0.2252
point 2 0.0499 0.3075
cp point 3 0.0747 0.3450
point 4 0.0506 0.2516
point 5 0.0770 0.9201
Total Error 0.0612 0.4850

37 ZHtel E9dE 717171 flstel 2
S 27E B9 22k WelgE A= vlaste] AlAE
HSP7E 7 AR RS ot o] & A2|of &85kl
o 370 7hlEt HEE B 2-83foF SHAIT, 270] 7t
dEtel 3789] 7HlEhE ARSHE W HFe] FARSH
UeRtaL, ol 9115 29 7o) st ohE 2
7] Zheebiet w7] wizoll, 133 39 7|2t wlolE
ke ARgstel 33l WS S5 (Fig. 0).

of2] BFSOIA 114 B2 A=)t 71 3 3ol 9
A3 e, olz s 2] FsHA| oA EF=HAU
oh webA] 119 B2 18] S0 AlAstat. B2
O AAIE WY BH0NA Aol AR B WA
o] 7F& A Yehgdth. X5 ¥golA Hd F 28 mm

A WsFo] yehgten, Y& Wl o o 7

761

HEE, 7% Yol Hd oF 1.5 mm F=
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X(Horizontal) Displacement vs.fime.

Z(Vertical) Displacement vt

——GCPO1
—+—GCP02
o GCPO3

+--- GCPD4

* GCPOS
GCPO8
- GCP10

Fig. 6. 3D Displacement of all targets in X, Y, Z axes

Table 7. Displacement range of GCP 3 and GCP 9

X(mm) Y(mm) Z(mm)
Target
min. |max. [range| min. | max. |[range| min. | max. [range
GCP 3 |-14.1{13.9|28.0(-2.9| 40 | 6.9 |-03| 0.9 | 1.2
GCP 9 [-49|11.1|16.0|-1.1| 1.4 | 25 |-0.3| 0.3 | 0.6
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