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Abstract - Due to the 4th Industrial Revolution announced at the Davos Forum, the World Economic Forum, in 2016, industrial trends
around the world are changing rapidly and intelligently. Among them, the digital twin is drawing attention from all industries as a
groundbreaking technology that reduces unnecessary costs and trial and error by implementing real objects, systems, and environments
in the same way in the real virtual world and using them to perform simulation analysis. In particular, there is a lot of interest in the
application of digital twin technology in solving ports saety and efliciency challenges at once. However, there is a lack of in-depth research
r the application of digital twin technology in the port, and in particular, there is a lack of research on measurable data for the
Implementation of the digital twin in ports. The purpose of this study was to Increase granularity and connectivity through measurable
data investigation for the application of digital twin technology at container ports. Based on the study results, data factors for container
port application were classified into crane data, operational data, physical data, and transportation data, and factor composition, correlation
with factors, and fitness were confirmed through confirmatory factor analysis.

Key words - digital twin, port digital twin, exploratory factor analysis, confirmatory factor analysis, data factorization

20169 AAAAEL RAZHNA HEH 42 A A AR 55 AF[H 2017dHH 4G vHE F
ow o3 A A AQEA=SE HA waT 2o 23 g AME, S 24, AT FE A 59 100 A
Watsha ok 43 A E WS 37 24 z =

=< AAslen, of T HAYE EZ 2017d5H
=

Jma xday, D199 Fo EdE J)Ee wgle] 2sa gk
KX

>
X,
S
>
e
o
T
>,
[
et
et
o
ol
o
N
)
ox
=
2,

* Corresponding author @ F213] 91, syran@kmou.ackr 051)410-4486
* 3] skawjddnl1252@g.kmou.ac.kr 051)410-4890
sk 22139 logikys@kmou.ac.kr  051)410-4332

- 42 -



e R

A 7R A ARlel A FEwa gk 53, gAY EQS
Az G thFe Eopel #-g3the]
gguold dAoln AxgdolMe $vate] FdFHAAEL
04?“’(016} ETRD®| Fwate] t]Ad Eglo] w4 F3=
ATHLee et al, 2020)
Al COVID-19, v]-%

Inkate] 4 Zﬂoﬂ A

svbE AlE, 2vbE 9,

=
o

L

L

B 5 95l gl o
EMIEC PR
ke GSCM Y]

l‘-{u‘.

o]l =

nN

R 40
tlo ¥o, i

b 0

%N
3
_O|L
3
30 1 A

o

o

fo
oo
2
©

fol
o o
oX,

N
-~
N

e
g
o
oA
>,
o =
B
oX
N
XN
3
Iy
oot

N
oy (Ul BN

o
=]
-

i)
o

ofy
o>

O o

e Lo
T
il oo
5 o

o

N

o oo
ot
rd
_Lu
oo
o
il
i
ol
ol
X

Ho
(@]
Re)
[
r v
oot
=
o

f
offt o

o

=

(@)}

12 >

e Jr
gl:l
o2
>
2
o
rok
H
N

i} It
more
roé
R~}

v

lo

£
>
nt

°
N

A

ol

pn 2
o m oo
0wy Mo o

oot
2
1o

o O o rir
il

re
>
i
=
N
N
>

Suli |
o ox.

9
SHH(NUS, 2021), O]
A REG A

el tAE B

o
N
N
olr
>L lo
oé.i
fot
ox,

il

3
o

Z]

o
o
et

2 i

!
Lo ﬂllo

r
R [

ot
¢
My PN o I )y oo O lo

-

e 1o,
2o oy
1mm‘3££>4

u
=z
e oym o e ym

)

gole FYstad dh wal, g

gl

>,
>
B

5

(e}
] =] E

kol

N,

o
o

N e
A
N

oxl
N
_,d
_O\L
o
9
An)
il
N
S~
Rl
ol
ol
rir
e

fo it wo

)
ol
&
24
&
o =
jus
=

o M
i,

_Bi H
F

1o,

A

4

of

v
)

i)
lo

O TV N T, N A
oo
o
N
B
<%

2.1 OX|g ERS TiR

gxg EQL 20029 wl=ro] whelE @B ukAb} A
ZzdAUAF 3 o] AH o)A Zﬂ A7 571 (Product
Lifecycle Management) 7ol A A3}
(Michael. 2016). 201013 w]=-2] &3
W R tAd EQe] o]F
L Alzwle] Hae] &8-S5 93k v gt
T SEEA AlEUHA U

ATHNASA, 2010-2012). ©]% 2016\d GE<] Zdlg e} =4l

o
N
Hl
r‘E

7]31

%/\é . Alod

&

1 O
229] vhels Zesjojst o] Fehir
W) PSS FEAE e
U] s on, 0189 ArhEE
o] A ool gdol B AAAL
A& Askstan ek,

The Digital Twin is evolving

Fig. 1 Evolution of digital twin
Source : The digital twin in Oil & Gas: Simulation to
Operations, Schneider Electric, 2017
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Table 1 Digital twin process

Classification Explanation

Data Acquisition and
Model Design

Real->Virtual Create

Real-time bidirectional
Real<->Virtual| Communicate integration and

connectivity support

Implementation of

Aggregate pre—processing and
integration work
. Analysis and
Virtual Analyze ) L
visualization
Identify areas that
Insight require further
investigation and change
Real<-Virtual Act Apply feedback

Source : Industry 4.0 and the digital twin Manufacturing
meets its match, Deloitte, 2017
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Table 2 Definition of digital twin technology level by stage

Stage Explanation
Level 5 Autonomous problem recognition and
Autonomous resolution
Level 4 Complex digital twin reconstruction and
Federated interoperability optimization
Level 3 .. .
. Target control through digital twin—-based
Modeling & . . .
. . analysis and simulation
Simulation
Real-time data collection and virtual and
Level 2 o
L real Monitoring through one-to—one
Monitoring .
matching
Level 1 Replicating real-world goals to virtual
Mirroing worlds
Source : Use the IoT Platform Reference Model to Plan

Your IoT Business Solutions, Gartner, 2016
Characterization of Digital Twin, ETRI, 2021
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Table 3 Summary of survey

Factor Resource
Al Container specification and quantity information
A2 Entry and Advance Vessel specification
A3 Q/C specification and quantity information
A4 Q/C hoist speed and acceleration(front, rear, laden, unlader)
Ab Q/C trolley speed and acceleration(front, rear, laden, unlader)
Physical A6 T/C specification and q.uantity inforrpation
A7 T/C speed, acceleration, deceleration
A8 T/C trolley speed, acceleration, deceleration
A9 T/C hoist speed, acceleration, deceleration(laden, unladen)
Al10 R/S specification and quantity information
All Y/T specification and quantity information
Al2 AGYV specification and quantity information
B1 Marine weather information(tide, wave, wind direction, wind speed etc)
B2 Berth specification(depth, length, number of berth etc)
. B3 Yard specification(tgs, row, bay, tier, slot length etc)
Geographical — - -
B4 Port road specification(transfer point, parking area, total lane etc)
B5 Gate specification(lane, camera, barcode, number of gate etc)
B6 Geographic information near the port(hinterland, access road etc)
Cl Vessel information(number of vessels visit/year, number of lader/unlader container)
C2 Berth and apron information(ship’s time at berth, number of ship at berth etc)
3 Unloading equipment operational information(container movement per hour, repair and
accident information, work order list etc)
ca Transportation equipment operational information(container movement per hour, dwell time,
transportation route, speed etc)
Operational [ (5 Yard information(container placement information, yard occupancy etc)
C6 Container status information(residence time, container volume by use etc)
C7 Container state information(height, temperature, weight, location etc)
C8 Port road information(starting point, congestion rate, obstacles to movement etc)
C9 | Manpower information(equipment engineer information, work input manpower information etc)
C10 Gate information(Truck turn time, gate in—out time, in—out container type etc)
C11 Truck information(registered truck data, terminal processing time by truck type etc)

Table 4 Summary of respondent general status

322 4wrds
sl duw Wge wAW s 400 S Division Frequency | Ratio
402%(35%) 2 71 B Ao yehdow, 50T o4 < 0 (peﬁ’n) ig/;
GA7F 02%(8%) 2 7 w2 AR yElgth SR A 30 27 31.0
Ho] AS g Hsgk Ado2 vehgow, vty #As Age 40 35 40.2
Bopol 9Bt FARG wakel ARG B glE Over 50 8 92
114 o]4be] A ea7} 4830%(42%) = vhebyku}. Tfit;‘l SZ 120570
SRAL 25 PAY A3, AT DA 7190 £ = o 50
SHAZE 90.8%(79%) Hvel Ao yEpsow, rtt Vear 11715 21 24.1
B A7 BEE wuEs gu A7), e 16720 12 1338
A ) A% S 9.29%(8%) & LERGTH Over 20 9 10.3
Total 87 100.0
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L35l B AF A= 045 VIEe= &8319 =g ol £, 71, #AE5(A8), T/C So|2E &% 714 3
A QQlEA e T 2xtel 2A Agsgdnh 1A 44 £A9)E adlo] FAEASH, Al AAYE HolE W&
adEM A FEA gLol 0411]‘3&22 @A vEbd Bl C9& & Egetqirlel Al delH & WrEstAnth
AAGH o dEagdol A QAHA gk 04 v|HoR v 29l 2+ ¥k AHE(CD), <8 2 oo]xZwl e B(C2),
A6, C6 &3 AA Al Cronbach 741 7F frofuletAl st stedn] P R(C), EEFH FHE(CY, ok AR
= g8 CT8 AAS L AlEAS AASHA T (C5), " olY Ald 2 FFAHR(ALD, Y-EFA9 A HL(A2)
22 gAE gelRA Az KMOZke] 0859, Bartlettzt & £9o] FAE oW o] 3wt Zg Ao st
000002 T4 aelio] Agsitn yehton], mE o Fuke] e wlE dolesh BAY e T/
27F FFAe] 04 oo R TR AWES 5y Jria A dolHE Wt
UERRTE BEF, 29l 1xkell A yERd 57 aldlA 1] & 29l 32 QC AY 2 FFAHR(A3), RS Al 2 +474
Qo] SHaH 4] 8R1oR F 666%9] AEHES MR vt H(AL0), Y/T Al 2 FHAR(ALD, AGV A 2 F%54
I FAEAY dyHaEs 24 A3 BEE aldA] H(AL2), o AUB2), X AAB3), AClE AHU(B5=E
Cronbach 7147} 06 oo Lehskow], Arelo] 04 myr  aQle] TARlom, gkl EAsh: Ayl 2 Az} Fo
o= ‘)rE]r‘/} A3 o] A9 B FE3Y FEHe] U A EFA dolEe #HE eSS 23T =84 vlolH
TA7} B d Aow Beelel AAGA e gew gad = Wuasr.
QNS vhRe S
Table 5 Result of Exploratory Factor Analysis and Reliability Analysis
Element Factor Communality Cronbach a
1 2 3 4
A8 0.932 0.976
A7 0.928 0.928
A9 0.849 0.843 0.958
A4 0.733 0.709
A5 0.711 0.665
C5 0.967 0.815
C3 0.919 0.794
C4 0.733 0.718
C1 0.662 0.590 0.913
C2 0.623 0.498
Al 0.552 0.567
A2 0.433 0.498
Al10 0.753 0.858
Al2 0.666 0.648
All 0.662 0.802
B2 0.531 0.570 0.887
B3 0.525 0.614
B5 0.403 0.513
A3 0.387 0.574
C8 0.800 0.623
Cl1 0.742 0.552
B6 0.634 0.541 0.842
C10 0.629 0.657
B4 0.580 0.424
Eigen vaule 10.926 2732 2.218 1.472 KMO 0.859
% of variance 37.756 15.692 7.190 5.935 Bartlett 0.000
Cumulative % 37.756 53.448 60.637 66.572 Survey 87
HETHOZE 247 WAFE ) 8R1eE ERsGen, 7 & 821 48 Rt = AUBY), FF A A YA K(B6), It
gloll tigk AHdAE 1Ed aQB8Ae 53 Atk E2 AH(CY), AlolE HH(CL0), EE HR(CIDE 8119
829 12 QC 3ol2E £k 4 7455 (A4), QC E TAENeH, o H QT Ao 53 HHE HESs X
£ 9 7HEE(AD), T/C ols&k, 715, Z5(AT), T/C et 7ol & dolHE WrEstaTh
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HE AEE VN 8R1E Ao R 03 1EA A W A AldAlElE(e]st CRIE 0.7 o2 yElof gt
o olgg nAsks] SAs) 291 19 WEE Adel, 29128 WHEYS FWes] AL AVE glol FuAse A
HEE 9, 821 39 HFE &£, 89 49 HF-E 52w Yok, AT 2« 2T oAt Wl 1o] 235
2 ol#f¢] Table 6¢F 2ol A& stArt A gFolel ok
Table 6 Result of EFA
Factor Resource
Al Q/C hoist speed and acceleration(front, rear, laden, unlader)
A2 Q/C trolley speed and acceleration(front, rear, laden, unlader)
A3 T/C speed, acceleration, deceleration
Crane data - -
A4 T/C trolley speed, acceleration, deceleration
Ab T/C hoist speed, acceleration, deceleration(laden, unladen)
B1 Vessel information(number of vessels visit/year, number of lader/unlader container)
B2 Berth and apron information(ship’s time at berth, number of ship at berth etc)

Operational B3

Unloading equipment operational information(container movement per hour, repair and

accident information, work order list etc)

data - : : ; : ; -

B4 Transportation equipment operational information(container movement per hour, dwell time,
transportation route, speed etc)
B5 Yard information(container placement information, yard occupancy etc)
B6 Container specification and quantity information
B7 Entry and Advance Vessel specification
C1 Q/C specification and quantity information
C2 R/S specification and quantity information
. C3 Y/T specification and quantity information
Physical . — -
dat C4 AGYV specification and quantity information
ata .
C5 Berth specification(depth, length, number of berth etc)
C6 Yard specification(tgs, row, bay, tier, slot length etc)
C7 Gate specification(lane, camera, barcode, number of gate etc)
D1 Port road specification(transfer point, parking area, total lane etc)
| D2 Geographic information near the port(hinterland, access road etc)
Transportati - - - - -
dat D3 Port road information(starting point, congestion rate, obstacles to movement etc)
on data

D4 Gate information(Truck turn time, gate in—out time, in—out container type etc)
D5 Truck information(registered truck data, terminal processing time by truck type etc)

A2 aldAM e FE =Ed 2ud dHolH, £%94 Ul
olf], =4 dlolf, && dolH 5 F 4 29& T8k
o 9, A aqls FE =EE ajlEe] AdE A
A=At 295 ¢ BEAS Ash] 98 FlA 2QleA
& AAEAT FA el FHaAE VIee® i
A 549 g3 Aol dasty, JFedd ) e
Sn7b dasitt

Aelid= HlEESE METH#e

Z]ojofstnl, PEe 0.05 vltrol
= & 22 05 ol gololof ajn 07
ool wigHdaitl, R, WEEAFEI(]S AVE) 05 ol

sl SHeld LQRA A wE 4k Pgel 005
vgro = vekskow], CR. gtol 196 o1 goz epd s
A% )5, 79 HES A4l Fol 07 vImte.z vkt o]
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131 29791 EEal Aol 07 v
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Table 7 Convergent validity analysis of CFA
Unstandardized Standardized
. S.E. C.R. . AVE CR
estimate estimate
Crane—> Al 0.883 0.079 11.161 0.820
Crane-> A2 0.892 0.085 10.512 0.797
Crane-> A3 1.058 0.060 17.657 0.963 0.828 0.960
Crane-> A4 1.124 0.058 19.529 0.988
Crane-> Ab 1.000 - - 0.916
Oper—> Bl 0.968 0.141 6.860 0.788
Oper—> B2 1.076 0.167 6.425 0.735
Oper—> B3 1.201 0.160 7.489 0.866
Oper—> B4 1.125 0.162 6.961 0.800 0.712 0.945
Oper—> B5 1.176 0.163 7.223 0.832
Oper—-> B6 0.946 0.149 6.344 0.725
Oper—> B7 1.000 - - 0.698
Phys-> Cl 1.036 0.163 6.375 0.707
Phys—> C2 1.366 0.169 8.077 0.896
Phys-> C3 1.395 0.170 8.190 0.910 0.698 0.920
Phys—> C4 1.399 0.196 7.138 0.791
Phys—> C6 1.000 - - 0.715
Trans-> D1 0.805 0.148 5.425 0.641
Trans-> D2 1.061 0.177 5.990 0.712
Trans-> D3 0.961 0.152 6.330 0.758 0.592 0.879
Trans-> D4 1.048 0.164 6.380 0.765
Trans-> D5 1.000 - - 0.720
Table 8 Discriminant validity analysis result of CFA A e A XML Modification Index) & E3Fo] 23t
Crane | Oper | Phys | Trans| AVE | CR | =% ¥¢ A&7k anh oo 4752 452 Hol= 5 o]
Crane 1 0.828 | 0.960 ’(Joreskon & Sorbom, 1993)¢] Z 8 3lth= APAFE 7]t
Oper 0.308 1 0.712 | 0.945 o 52 AAste]l BAG A () BAZE U73RE
Phys 0.530 | 0.424 1 0.698 | 0.920 A3 CFI= 0.9 o4 TLI= 0.9 o342 25a 4857} 9
Trans 0.123 | 0.219 | 0.213 1 0.592 | 0.879 = = I
ware welo] 240 9 Fwe pauAdA dugoe > RESEAT 01 o]tz vhehgr)
2 ARE-HE H 9% R (maximum likelihood method) & AFH&- o
ot Ao mwe pie) BE WMaSo] thHY A EE Table 9 The fit index of the research model
=2 gt 714 ’3}0:] Q0olo] AAXE AAelE WHow E X2 df P CFI | TLI RMSEA
AARIFE ALSS] AT weAS Ak slew\Proposall o 2o o0s 1000|0841 (0819|0124
XA FEAS 7T 540l ok =3 #xE oY model
ATEER JPgSesll A9e aqlel #u Agete w5 | Modifiedlyn o) o010 600 0010 | 0895 | 0004
AAA AAE B 5 Aok w1, Bye) AFeASE Aoy | model
Goodness
A5 FolAs BAR(?), RMSEASH SEAEAF of fit p>0.05 09 =x | 01 =x
TLI, CFIE &-&3to] 4gd=s st
Arndel ARw AZANL FolRE EAZHy DS AP e A pzaUAgA wae] Angldd BE ol
469.723, A E(df)=203, p=0.0002.2 p>0.05% %é‘o}ﬂ st 2 9 7F WA Sostia eRdt wald =Zgel go)
B AgErh dofxlnh At A Aol A3 Pekel B o) 571 g 27 wlolgel 7 2k, Zald HolHol 5
T #HEo AV F7F FogEo] 0065 UA Kte A AN 8 £47 dolgHe 57 247 tAE EY 7% A
S won ol ARy R 9IS Fx Feviu @ Holu du Agas oa oltu oo 8 =4 7153 v olE
3t JtH(You, 2020). =3 FEHIFA S+ CFI=0.841,

TLI=0.819¢]9, Athd A4l A=t
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