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Fig.1 Differentiating the digital twin levels.
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(b) Screen of logic simulator.

Fig2. Sample screens of CT digital twin.
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Fig. 3 Evaluation for multiple KPIs.
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Table 1 Table of items terminal operator’s preferences.

3)

Classifications

Details

Operational Level

A. Ensuring smooth cargo
handling and minimizing
delays for vessel charging/
discharging operation.
A 2 0 72 < EAT S
iz

e Want to smoothly complete the
previous day's planning work.
RIHDT T = 7R A L
— R Z T

(A1) Simplifying the process of making vessel and yard
operation plans.
AT 7>, = F7 7 AREEOffF#L
(A2) Simplifying the arrangement of container handling
equipment and workers.

i e/ (2R B FRCO iR K

o Don't want to delay departure of vessel.
AR 2 7 < 220

e Don't want to interrupt work in
progress on the day.
Y HEATHOMEEZ LD e

(A3) Quick response to unplanned work occurring.
TESMEEI LR O3t RE b

(A4) Ensuring work safety.
TER DL AR

B. Improving vessel
operational efficiency with
limited resources.

AR DA A S L7z
W

e Want to handle more cargo with the
same resources
RLCYY—ATLYE D%
SUER L 720

e Want to handle the same amount of
cargo with fewer resources
X072y Y =2 TR ED
faf 2 ALBR L 720

o Want to do the same work at a lower cost
SERICIEEZ L VK= X T
L7z

(B1) Reduce the number of yard chassis assigned each
STSC

STSC & 7= V) DREN L ¥ — BEEHI

(B2) Reduce the number of RTGCs

RTGC 7 %1 B EH

(B3) Reduce the number of reshufflings and marshalings
WY, ~— v U7 Bk

(B4) Easier securing foreman and planner personnel
TAT v, T —HERERORSL

(B5) Reduce duration of stay for import and empty containers
WAL TF, BarTFEBEIERD

C. Reducing turn time and
waiting time at the terminal

e Want to shorten the time it takes to
enter the CT

(C1) Reduce the waiting time in front of the gate
7 — bR B IRE R O R

gate. CT IZ A% E£ TORFM %M L | (C2) Reduce the gate processing time
Ry —v DI —FA 720 7 — N AR R D JE
I SEAE LT e Want to shorten the time spent in the | (C3) Reduce the waiting time to enter the lane

CT
CT WNFTERER & J#E L 720

N T D L — A AFF B IRF 0 555E
(C4) Reduce the waiting time for RTGC handling work
RTGC iV EHEAT 5 RF ] oD Fffe

D. Minimizing environmental
impact in respond to requests
from shipping companies,
shippers, and local communities.
fitt, e, Mt OBRER
FURHRIRESR ISR L 72w

o Want to reduce harmful gas emissions
AET AP ZHIE L 70

e Want to quantify the amount of
reduction & obtain certification
HI R 2 Bk L7z vy, SRR S
iz

(D1) Reduce the exhaust gases from cargo handling
equipment
T BeRk R D P T A & Fll
(D2) Visualize the energy consumption and exhaust
gases from cargo handling equipment

A O = X — - R T2 DR 2 51k

STSC: Ship to Shore Crane = /###2 L—_~, RTGC: Rubber Tired Gantry Crane = % A Y=l L—2-

TH B OREE A KL - ERE B IOV TE SO B AT
5. Al & A2 THE A ORIEEREFE) , Bl & B2 11X
et D ABER/ME] , C1 & C21F ke~

Table 2 Factor loadings for terminal operators’ preferences.

(Maximum likelihood method with varimax rotation)

DS b L TORREN | C3 & C4 T [Hhk Factor-1 | Factor-2 | Factor-3 | Factor-4
S S CT HMFERSH (51— %4 1) f3#i) , DI & A e
D23 TR OE =% - BEBIRER) & L TEBR " 005 T 0079 T 0065 | 0080
. ZIUCMA T —21%, ®KEE 1 LDV A B1+B2 0.005 | -0.084 | 0003 | -0.110
=07 (EEBORKEEY 1 T 21EHb) &%EE L B3 -0.095 -0.054 -0.035 0.035
7 M LT — 2 B W, e N < o 7 AEEET B4 0.048 0.130 -0.062 -0.073
Rl TRFRER 2 (CRT. RF O PVE B> 0051 | 0089 | 0130 | 0952
(Proportion of Variance Explained) (3%75-%, C.P.V.E. CI+C2 0.144 -0.099 0.963 -0.128

C3+C4 0407 | -0.841 0016 | -0.014
(Cumulative Proportion of Variance Explained) (%% DIiD2 0.083 0.071 0.120 0167
B G#aR. 22T, Kaiser BT L EAT{EZS 1 Eigenvalues | 2370 | 1782 | 1426 | 1187
PLEOBRT 1~4 ZHH LU NICE ST 5. Zhb P.V.E. 0.237 0.178 0.143 0.119
4 SOILBEK T OHFGRENME L BAEFSRIT 0.677 C.P.V.E. 0.237 0.415 0.558 0.677
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Table 3 Correlation coefficient between factors and CT parameters.

TEU SLT EXP EMP STS YC TPS SPS SPY YPS VOY TPV
Factor-1 | -0.183 | -0.219 | -0.193 | 0.212 | -0.162 | -0.175 | 0.197 | -0.221 | -0.325 | 0.017 | -0.173 | -0.033
Factor-2 0.034 | -0.010 | 0.059 | 0.008 | 0.052 | 0.045| 0.122 | -0.231 | -0.305 | -0.019 | -0.109 | 0.270
Factor-3 0.102 | 0.123 | -0.168 | 0.133 | 0.071 0.090 | -0.033 | 0.226 | 0.202 | 0.134| 0.178 | -0.255
Factor-4 | -0.071 0.034 | -0315| 0318 | -0.115| -0.079 | -0.169 | 0495 | 0472 | 0213 | 0.054 | -0.208
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Fig. 5 Relationship between numbers of storage slots per STSC and factor scores.
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Fig. 6 Relationship between averages of handling

per vessel and factor scores.
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