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The utilization of digital twins is an effective approach to accelerating digital transformation
(DX) in container terminals (CTs), and some CTs have already begun to adopt this technology.
On the other hand, discussions regarding the configuration and utilization of digital twins are
not enough, as automated CTs were developed before digital twins became widespread in the
industry, and these terminals had already introduced various technologies for automation and
DX. The present study reviews published literatures on the configuration and utilization of
digital twins in CTs and proposes a conceptual model system. Although the adoption of digital
twins enables CTs to obtain key performance indicators (KPIs) related to cargo handling eastily,
no method has yet been proposed to evaluate improvements along a specific evaluation axis, due
to conflicts among several KPIs. To address this, we conducted factor analysis based on survey
data collected from CT operators in Japan, focusing on the factors they prioritize. The results
identify potential evaluation axes and offer fundamental insights for further research on how
changes in container handling conditions improve CT efficiency, as reflected in KPIs derived
from digital twins.
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[E[B G %M (International Maritime Organization: IMO) 132024451 B 1 H YB3 XTI
PENX LT, F LM E OERE RS 27200 B—FEH BT I VT Ty b7+ — A4,
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WV (CT) TFYINEFI Y AT74—A—Vary (DX) PRELHIETLZERSA TV,

FYINYA DAY LT MI2002HEIIRIG SN/ SRY, ERE A 2B TR RIS
Ao TWwb (Klar et al. (2023)), CTODX Z#M#T 5720121%, kAL T—5 %Y T
A DZ—TCMBITZ BTV NI A YHMPMREEZEZ SN TBY, EETHCTH HIHRD
1) IMO website, “Maritime Single Window” (https://www.imo.org/en/OurWork/Facilitation/Pages/

MaritimeSingle Window-default.aspx 2025.39 &7 7 £ 2)
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A2V Ialb—=Yarghbnozy A MUICHDHATHZD, FIYZVYA Y ORBIX, 200240
IVUNVRKRFBETATHA IV F—RZOT LYY TF—=2a v ThHiHELTWA,
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VINY AT ADOMOT—F FHAFEH»EB2ICED, &) TIINVLIE, b) TV
Y, o TYVINVYA Y, OFFFIIHF L (K1), INE200MZ%ITVTND, LIThF
TR LIF TR VAT ATTIINY Y RO ETFVINIAL YERRBHL TS —ADH 5

3) BlzZE, BBOTFTIINI X R ETFIINVIA VORRAPRLNG Z &5,

4) STSC (Ship to Shore Crane) ;B2 L — >, RTGC (Rubber Tired Gantry Crane) ;% 4 Y%~
L—>"
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HT) Neugebauer et al. (2024) % JCI2E A VER

CLAEIBRLTBY, FYINMYA VIFBIEZRMEFY Y VEREOBTHEIN2D) TIVE A
AT =Y %Mt A AT LATHDLEEHRL TV D,

2. CTEtEIY —ILELTDYIalb—a >

Neugebauer et al. (2024) 2SR L7-141 OO I H, O EHEVDIZ2017EDOLDTH %,
—HT, A=y Ial—varyERnCTaIEEE, Uik W EE RS TED,
1990 AEARMBHIC IZ BLFEZE M D IF i Z 72 7 W Z2HIZI Y AT & & 23T T\ 7z, Silberholz et
al. A9 &, T ¥ FFEEOEBTOLAE 7TOICHHELY, FEH T ZABOME/EHO
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TADZEERWICE DEEZHY) BT T F2—ETVEMEL, YIab—Ya3 VY7L
SIMLIBZHWT72O0¥BE 70 ALKIIbAbYIab—Ya Y Efiodz, AR, €h
VR ofERIZER 7ot 2k L, BFET VAL TRz Ko 5 FEr56, CTERIZh
7o HIRBZALZ KSR CTHERR T E 5, BEILCHWOHNTWS Y I ab—3 3 YIIBAITT 5 &)
WOWIED—2>TH 5, LHEFIZAH (1993) &, JFLHOYH - FA (Factory Automation) ¥ I =
L=V 7 b7 2 BHLTCCTOMEESRSL Y Y-V NIy 72T MELTI Y Ea—%
YIialb—YarxEfiLl, kY v — O CTNIERER, 7 L — v ORM=FEEZ T 7 b
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Gao et al. (2024) X, HEMELCTIZB W TEY CTHHMEZ AGV (Automated Guided Vehicle)
HEHE 2 LT 5720, FYINIA VICEAERRELHE Y AT LAEZRBLTVWS, 20
VATAIBWT, WHLAY—1ZH L HBHLCT GHEZRM) OF—F3AY— TS X%
WLTHA—F ¥ VHEMECT (AZER) vy ¥y r7&h, LAY —Ty3Ial—Yav
CHHEALZETT A O END, F—E AL A Y =TI AGV OFEEE Y R ETRE, 7
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Y—, LAY —DRIZHWH, ], —CRAETOLAY—DF— ¥ 2T ET—F
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YARRIEZTRE Y, EBEOMEANO AN HERTE 2 M CTFE MR T 5 vy 4 V%)

7) Step 1;7— L&, Step 2; 3KICY A7 7 LV AEF VO, Step 3:V) 7TV ¥ 4 AEHMBEL,
Step 4;¥ 3 2 L—3 3 VT Lk, Step 5:%4 v ¥ a2 R — FIZX 2 HILA
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x2 CTANL—2PEERFL TVWBHEBOREFHEETS

AL | 100 WD) CTARL —F~OT ¥ — MERIIES X B
A2{051]1.00
A310.14|-0.02]| 1.00
A41-0.05| 0.00 | 048 | 1.00
Bl [-022]-0.14]0.17 ] 000 | 1.00
B2 [-0.31/-034 006 [-0.10] 0.56 | 1.00
C31-046|-0.36|-043|-051|0.03|0.17 | 1.00
C41-0.391-0.31-0.25{-0.40 [-0.03] 0.02 | 0.71 | 1.00
B3 [-0.21|-0.27|-0.06|-0.18 [-0.05| 0.21 | 0.08 | 0.04 | 1.00
B5 [-0.25]-0.24]-0.02-0.09]-0.31]-0.08] 0.05 | 0.19 | 0.08 | 1.00
B4 | 006 [003] 005012017 [-0.06|-047-033] 0.12 [ -0.15| 1.00
E11(-0.09|-017|-0.25| 0.06 |-0.11]-0.15]-0.05|-0.08 | 0.05 |-0.03 | 0.33 | 1.00
F1(-0.19]-0.07|-0.31]-0.13|-0.02|-0.13] 0.01 [-0.12|-0.04|-0.02 | 0.20 | 0.39 | 1.00
D110.02|0.06 [-0.26] 0.02 |-0.03|-0.12|-0.06|-0.21 |-0.30|-0.31|-0.11|-0.07 | 0.25 | 1.00
D2 | 0.02 [0.06]-005/-0.10] 0.21 | 0.09 |-0211-0.23]-0.08]-0.37] 0.09]-0.13] 0.23 | 0.69 | 1.00
C1[-023]-0.23/-034]-027] 000 0.09 | 035 ]-0.06|-0.11|-0.14|-0.08]-0.10| 0.23 | 0.13 | 0.12 | 1.00
C21-0.30]-0.22|-0.321-0.05|-0.07| 0.02 | 0.25 | 0.05|-0.02]-0.30|-0.19|-0.02| 0.19 | 0.29 | 0.28 | 0.39 | 1.00
Al| A2 A3 A4 Bl | B2/ C3|[C4|B3|B5 | B4| EL|F1|DI|D2] Cl]|C2
£33 mELZE NIy I XAEEICSLIAFERE
Factl Fact2 Fact3 Fact4 | Factb Fact6 | Fact? Fact | @M
Al+A2 | 0167 | 0705 | 0358 | 0362 | 0076 | 0085 | -0217 | 0388 | 0995
A3 0469 | 0232 | 0299 | 0002 | 0029 | 0177 | 0052 | 0319 | 0500
A4 0.984 0.079 -0.065 -0.040 0.063 0.009 -0.082 -0.063 0.995
B1+B2 -0.005 -0.084 0.003 -0.110 0.027 -0.003 0.052 0.776 0.624
B3 -0.095 -0.054 -0.035 0.035 0.067 0.116 0.979 0.062 0.995
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B5 0051 | 0089 | 0130 | 0952 | -0083 | 0180 | 0031 | 0146 | 0995
C1+C2 0.144 -0.099 0.963 -0.128 -0.075 0.110 -0.049 0.003 0.995
C3+C4 0407 0.841 0.016 -0.014 -0.301 0174 -0.022 -0.015 0.995
D1+D2 0043 | 0071 | 0120 | 0167 | 0028 | 0964 | 0123 | 0015 | 0995
BEEfE 2370 | 1782 | 1426 | 1187 | 0949 | 0695 | 0664 | 0500
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