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Research on Data-Driven Operational Evaluation of Container Terminals
for Smart Port Realization: Through a Simulation Approach
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While major ports worldwide are advancing toward smart port initiatives utilizing digital twins, to implement digital
twin technology in Japanese container terminals, which are multi-layered management and operational structures, it is
essential to quantitatively evaluate the improvement in operational efficiency resulting from their adoption of digital twin.
In this study, we propose a method to quantitatively and comprehensively evaluate the impact on various KPIs of
optimizing cargo handling conditions (e.g., using Al-based logic). This is achieved by reproducing cargo handling
operations, using TOS data, on a logistics simulator within a digital twin.
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Table 1 Table of Items Terminal Operator’s Preferences (12

Classifications

Details

Details; Operational Level

A. Ensuring smooth cargo
handling and minimizing
delays for vessel charging/
discharging operation.

Want to smoothly complete the
previous day's planning work.

(A1) Simplifying the process of making vessel and yard
operation plans.

(A2) Simplifying the arrangement of container handling
equipment and workers.

Don't want to delay departure of
vessel.

Don't want to interrupt work in
progress on the day.

(A3) Quick response to unplanned work occurring.
(A4) Ensuring work safety.

B. Improving vessel
operational efficiency with
limited resources.

Want to handle more cargo with
the same resources

Want to handle the same amount
of cargo with fewer resources
Want to do the same work at a
lower cost

(B1) Reduce the number of yard chassis assigned each STSC
(B2) Reduce the number of RTGCs

(B3) Reduce the number of reshufflings and marshalings
(B4) Easier securing foreman and planner personnel

(B5) Reduce duration of stay for import and empty containers

C. Reducing turn time and
waiting time at the terminal
gate.

Want to shorten the time it takes
to enter the CT

(C1) Reduce the waiting time in front of the gate
(C2) Reduce the gate processing time

Want to shorten the time spent in
the CT

(C3) Reduce the waiting time to enter the lane
(C4) Reduce the waiting time for RTGC handling work

D. Minimizing environmental
impact in respond to requests
from shipping companies,

shippers, and local communities.

Want to reduce harmful gas
emissions

Want to quantify the amount of
reduction & obtain certification

(D1) Reduce the exhaust gases from cargo handling equipment
(D2) Visualize the energy consumption and exhaust gases from
cargo handling equipment
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Table 2 Summary of trackable container movements within CT during observation period

Categories Rehandling Nos.' of Average'of Ave'rage'nos.' of Armgalized numbers of
Containers Rehandling | Retention time in CT Containers Rehandling

Gate-in/ Without 2,895 (85.7%) 0 4days 12hr. 28min. 70,201 0
Loading With 483 (14.3%) 2.01 6days 16hr. 41min. 11,849 23,871
(Export) Total 3,378 (100%) 0.29 4days 19hr. 56min. 82,050 23,871

Unloading/ Without 1,094 (50.2%) 0 4days Shr. 56min. 26,048 0
Gate-out With 1,085 (49.8%) 1.97 5days 22hr. 29min. 28,793 56,722
(Import) Total 2,179 (100%) 0.98 Sdays. 2hr. 7min. 54,841 56,722
Total of Export & Import 5,557 0.57 4days 22hr. 21min. 136,891 80,540
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Figure 3 Histogram of retention days for import containers
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Figure 4 Histogram of work execution date for import containers
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Table 3 Conditions of simulation

Items Units Values
Number of Quay side (Lading/Unloading) boxes 258
containers handed Gate (In/Out) boxes 338
Quantity cranes 2
STSC Vessel handling time sec. 90
Chassis handling time sec. 30
Quantity cranes 8
RTGC In-bay handling time sec. X1
Gantry running time sec. X2
. Quantity per STSC chassis 3
Yard chassis -
Running speed km/hr. 25
In-Gate lanes
Gate
Out-Gate lanes

% 1 Data table provides handling time depend on the combination of “‘from’ position (low, tier) and ‘to’ position

%2 Data table provides provide gantry running time depend on distance.
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Figure 6 Comparison of Key Performance with numbers of RTGC



X 6(a) TIE, BEEUTHBI LT-mREER L 72> TN D, ZHUE, WTNOBETHLREA N — a3 UREEIAE
EL7enoTo7o® T, FHET — % TIIAMEE T — M T L0 6 163 0 R<HK T L, £0%IT7— b
P DI L TN Z SRR . $7hbb, 7— MiIIFEET — 2 T > TRENCEENRAE L TR
0, AMAAL T #4132 RTGC 2RO EEES N RN EE N D 720, BB O BRI o Tt B2 b D.
—J7, X6 OIIHEL DB, K0 ZL Da T FEam&kT 5720 RTGC OBEEMN L, EfTRHHAE <
RHEMERL TS, £, ORI EMEERR ROSAG 2 FF R A2 IS LT Y, 4 RTGC A3
TCLL 2o TWDERTFE2/R LTS, L, 6 #TH EEEEBREBIMN S 572, Bk v #Es b
INERVEERF OB BN S22 WFIK & 72> TS, CT RO &V 9 H45 Tlt RTGC FBLEEICARIBN S 5
LR A DD, A Z FHEER Y OZNCHR T SE D20 DOMKE IR ZZET D L, MEERLTZ L
IXTE720.

£, K6()k, kT v —DF—0F A LD DORINTAERA - i E I TS Z AR LT
W5, ZhuE, K6 @IZTiEy, RTGC DIEEMELL 722 2 EITPEW, Ahky v — o 03Fs, L—r e
T THHORHNEZ D Z EICER LTS, ZofRNG S, RTGC gD D EBZELL v Ial—
I UTETCNDENRD. TIT, Ik vy —V DAY — o Z A 237 — A D RTGC 158 T £ TORE
%, #RHIE7— PN — MBSGE CORRIZE L TWA. iU, Az T HIEEY— Ric=ar T
TETFALEDE, TU N —FNTCOF =y 77 LIRS TEADIZH LT, R TIHESERKICay 7 F oy
I EATH T, T— MFHEEBET 570 Th .

PLEX VY, RTGC EfTITET L EZET Y 2L —a U, BB LD ZE L K TE TS Z EVR
Wiz, 72720, AR THIX RTGC OREIRIBMBEZIND DT, 7 — Mipfk DR T REZNHEEHE IR DR 2
DHDIIIES 2057, Z D7, RTGC OUFEREN B X DI ENRAET 57— ATy 2 b—r 3 UFER
NED LD @ AT NIMEETE TRV, Lo, ke Yy 7 BfAAR, ZOMEREERHMET 5 &
WO HIIZEBWTIE, BEOY I 2l —2a U ETF VI HOMRET D L& 2 5.

Tz, BUET MRV L) ORETMMELTEY, 5% U R v 7 2EROENEEFHET 5 72012 T
ANT T b KO [RATT | OFTNVEBINTILERSS.

£
A

5. %

Al 72 E Ol b e ¥y 712 & 0 AR S D RSN, CT i EE DR~ 72 KPLIZ KIE T B LTI+ 572
W, EHTHKPLE LTINSV RY U TOHNBZEZREL, EWNCT ® 21 HEO TOS fF#RNS Y N KU 7D
TR Z ST LTz, A= T T DU Ay KU 7 EIG1349.8%, U~ RY 70X 098 FITHY,
BT F D 143%, 029 XV EVMEZ R LZ. ZHuE, SRS v — Ik AA T 05 B HiE
NFPHLIZS W EITRRLTWA. £, AT oAy Y 7%, CTNEEFRDO U AN RY 7
BRI RER 7 < AR B A LI 2 BHBIRS T, ZO®%MRA I TAHEANAONE. 2O D, ik
by 71280 Uy RY 7B EHIRBT 2563 mA = o 7 T 2 BEmIodR L, ORERBOFIE, @Y
N RY TR Lar T FoEGEORM, @V Ny RY U TEEREDK AL, ©3 80810 0 CTRIERTFETH
HTZEEHLMNZILT.

TUHNY Ay ETRG#E bR Yy VB ARAR AR R R 2 L— a3 VETIVEMEEL, ENO CT NIZEA
T 510D, Wiy I 2 L—20, CT WOMEERILE EBEOfR IR L CTHRIBEOEN L)L THILAEETH S Z
EERMER LT, S5, Y2 b—a VIZRIGC HEITET VEZEAL, Al 72 Eifbn ¥y 7 ZflAiATe =
ENHREIR Y AT K SRR ST

AWFFETHEE Lo T X)L CT Y AT AT, iR REROSEIZ AT 2 E BRI A2 Th 5 2 LR &z,
B, U RY CZHIEE WD KPHIZEH LIERGEEC LD, A 2 T T ORRE 62 b o w3
DHLNEIRoT2, 5%IE, YIalb—YaETAEKEL, ke Y v 71X VARSI D ki
2 L= HICAN LR EWEET 5. D9 2T, FEBEO CT TY > KU > Z a2 80 R A EET
LFETHD.



Av— FR— MEDOFEAUT RSB CERICHEIT L TR Y, [EREIEH AL, 4% CTIZBW T AL 0T, H
Bk & W T EIT OB AN T Z & A ETHIS, ENENOHEINCKT 2 A =LY o 2 &b T 57200
HA RTA L BFTLTNHDD, R A~ — hAR— MEOTRIUZ AR D BNV L S, RIFFEORRIN,
CT DT THNYA L ZIF LD ETLHEMEADIEHOOE DL 2 & 2P,

it 5
AWFFEO—HBIL, A0 5 R X 0 [E LA88E OIS HARB R HIE O SR 2 2T £ L7z, Z ISR EHOE
BRI D.

X 3

(1) The World Association for Waterborne Transport Infrastructure (PIANC), “Planning for Automation of Container Terminals”,
MarCom WG Report, n° 208 (2021), pp118-122.
(2) Klar R., Fredriksson A. and Angelakis V., “Digital Twins for Ports: Derived From Smart City and Supply Chain Twinning
Experience”, I[EEE Access, Volume 11 (2023), pp.71777-71799. DOI: 10.1109/ACCESS.2023.3295495
(3) Zhou L., Suh W., “A Comprehensive Study on Static and Dynamic Operational Efficiency in Major Korean Container Terminals
Amid the Smart Port Development Context”, Sustainability, 16, 5288 (2024). DOI:10.3390/su16135288
(4) /NEFEHE], CHAOUWEOHEHRILO Z L E TORER LA N—K— FBEROS %O R, IERFENITE, No.6l
(2022), pp.3-18,
(5) Inutsuka, H., Ichimura, K. Sugimura, Y., Yoshie, M., Shinoda, T, “Study on the Relationship between Port Governance and
Terminal Operation System for Smart Port: Japan Case”, Logistics 8, 59 (2024). DOI:10.3390/logistics8020059
(6) R ER, TR REA M, @)L, A #—, A QP a7 —I ek sar 7wy
T2 b—va r, ISR, 5 149 5 (1993). pp.14-21.
(7) d-th—, B, IR, RIS, JAES, KA — AL —va X U —Fafnicarsi 42—
TS RT DA ERE O FE B BIFHEET”, — 2253 THH Vol.61 No.1 (2024)
(8) FIHEE, BN B2, BFFIE, BFEAK, “CONPAS OfHHA THIMREZ FET 28 a7 F 7 — L OBEHCR
TIalb—va LK DM, BARR TS 5 32 [IAE - MR R THREE (2023).
(9) Neugebauer, J., Heilig, L. and VoB, S., “Digital Twins in the Context of Seaports and Terminal Facilities”, Flexible Services and
Manufacturing Journal, Vol.36 (2024), pp.821-917. DOI:10.1007/s10696-023-09515-9
(10) Natarajan S., Mathur S., Sidheekh S., Stammer W. and Kersting K., “Human-in-the-loop or Al-in-the-loop? Automate or
Collaborate?”, The 39th AAAI Conference on Artificial Intelligence (2025), pp.28594-28600.
(11) WAk, REREE, KRR 2 7 SRR RICES LTz 2 7 2 — I ARG HEE OB SRRGE, @R
YL, No.58 (2024), pp.1-10.
(12) hikffkth, BHRER, "FOZ VYA ERER LI 2T 72— A OERNRIE”, #IERFIIIE, No.63 (2025),
pp-33-49.
(13) International Association of Ports and Harbors (IAPH), “Cyber Resilience Guidelines for emerging Technologies in the Maritime
Supply Chain” (2025).



