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AGV(RQ! R Xt&): Automated Guided Vehicle
ATT(XtgZ=8 HO|E E&): Autonomous Terminal Truck
CCTV(H4{5]2 Z2{H|T): Closed-Circuit Television
ClI(Z7aAQ1Ta}): Critical Information Infrastructure
ECS(ZEH| HOAIAE): Equipment Control System
FCM(I4X| QIX|X|E): Fuzzy Cognitive Map
FGIRTAEMA): Focus Group Interview

GMA(KE HE{SHH 24): General Morphological Analysis

GTM(A4 2|4 0HE): Generative Topographic Mapping

-(O

ICT(HESA7|8): Information and Communications Technology
IDB(O|F=7H28l): Inter-American Development Bank

IGV(XI5Y S X1): Intelligent Guided Vehicle
IAPH(=H|&2I&S]): International Association of Ports and Harbors
loT(AFZRIES): Internet of Things

IT(EE7]%): Information Technology

OSS(HH= ME AAHD): Overhead Shuttle System

OT(2Y7|&): Operational Technology

PEMAZZHAHIMIZ&3S]): Process Equipment Manufacturers Association
Poc(PHEEH): Proof of Concept

TCO(EALH|E): Total Cost of Ownership

TIC: Terminal Industry Committee

TOS(E{0]2 29 A|AE): Terminal Operating System

TPS(EE 25 AJAE!: Truck Protection System

WB(MA23): World Bank
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EXECUTIVE SUMMARY

A Study on Legal and Institutional
Improvement Measures to Promote
the Adoption of Smart Port Technologies

Da-Ye Lee - Bo-Kyung Kim - Min-Jeong Park - Moo-Hong Kang

1. Research Purpose and Methodology

1) Background and purpose

= The transition to smart ports has emerged as an essential
strategy for maintaining port competitiveness.

- As external factors change, including the slowdown in cargo
throughput growth, vessel upsizing, expanding implementation of
Industry 4.0 technologies, and a declining labor force, the need
to enhance port productivity and efficiency through the

application of smart port technologies has increased.

= Wile legal and institutional improvements are required to
ensure the smooth implementation of emerging industries,

research on establishing a legal and institutional framework

Xi



for the adoption of smart ports remains insufficient.

- The adoption of new technologies brings fundamental changes
to industrial structures and work practices, necessitating
improvements to legal and institutional environments to
accommodate these changes.

- While foreign ports and other domestic industrial sectors have
pursued legal and institutional reforms in response to new
technology adoption, research in the domestic port sector

remains comparatively limited.

= The purpose of this study is to identify potential issues that
may act as constraints on smart port technology adoption

and to proactively propose improvement measures.

- This study contributes to smart port transition by examining the
prospects for smart port technology adoption, deriving
anticipated changes and potential issues, and exploring

preemptive improvement measures.

2) Methodology

= This study conducts systematic research encompassing
prospects for technology adoption, identification of
anticipated changes and issues, and proposals for improvement

measures.

- Smart port-related R&D projects conducted during the latest five
years (2020-2024) were examined based on NTIS data, and smart

port technologies under development in Korea were categorized.

xii
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- Expert surveys using the Delphi method were employed to
forecast the timing of domestic port adoption for smart port

technologies under development.

- Based on the forecasted smart port technology adoption
timeline, this study identified anticipated changes and potential
legal and institutional issues associated with technology
implementation through literature review and expert surveys.

- This study proposed improvement measures to address the

identified legal and institutional issues.

2. Results

1) Prospects for Smart Port Technology Adoption and Port

Environment Changes

= By reviewing major national policies and the status of R&D
projects, the direction and trends of smart port technology

development in Korea are identified.

- Major national policies related to smart port development have
established key implementation tasks including automated port
development, optimization and intelligence of port operations,

and optimization of maritime-port-land logistics.

- Analysis of smart port-related R&D trends confirmed that 19
types of technologies across five areas are under development:
cargo handling and transport, operations and control, maintenance,

environmental sustainability, safety and security.

xiii



= Through expert surveys, this study forecasted the adoption
timeline for smart port technologies under development and
established a hypothetical smart port model incorporating
technologies expected to be adopted before 2030 as the

subject of analysis.

Expert surveys were conducted to forecast the adoption timeline
for smart port, achieving consensus on the expected adoption

timing for 16 out of 19 technologies.

Considering the opening timeline for Phase 1-1 of Jinhae New
Port, which aims to become a world-class smart mega port, this
study defines a hypothetical smart port applying 12 technologies

expected to be introduced before 2030 as the subject of analysis.

{(Summary Table 1) Expected Timeline for Smart Port Technology Adoption

Smart port technologies
[Cargo Handling and Transport]
Automated Container Handling Equipment
(Cranes)
Autonomous Terminal Vehicles
Automated Non—Container Cargo Handling
Systems

Next-Generation Automated Cargo
Handling Systems

Automated Transport System for
Transshipment Cargo

[Operations and Control]
Smart Container

Automated Vessel Berthing Support
System

Xiv

2026 2027 2028 2029 2030+
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Smart port technologies 2026 2027 2028 2029 2030 +
Berth Optimization System

Smart Logistics System Integrating Land,
Port, and Maritime Transport

[Maintenance]

Predictive Safety Diagnostics System for
Port Equipment

Smart Maintenance and Management
System for Port Facilities

Port Facility Lifecycle Management System

[Environmental Sustainability]

Port Carbon Emissions Management
Platform

Unmanned Shore Power Supply System

[Safety and Security]

Automated Hazardous Cargo Detection and
Management System

Integrated Port Security System

Source: Author

= The transition to smart ports is expected to entail a paradigm
shift across overall port activities, including equipment,

operations and control, and maintenance.

- (Cargo Handling and Transport) Automated equipment based on
remote control and autonomous driving will expand, along with
the separation of manned and unmanned workspaces and

expanded electrification equipment.

- (Operations and Control) Data-driven operation systems will be

strengthened through advancement of TOS and ECS, integrated

XV



2)

XVi

management of automated equipment, expanded data

connectivity, and Al and IoT-based decision-making.

(Maintenance) The maintenance system will transition to a
predictive maintenance approach based on drones, sensors, 0T,
and AL

(Environmental Sustainability) Growing Need for Carbon

Emissions Calculation and Management in Ports.

- (Safety and Security) The necessity to strengthen cybersecurity

systems will increase with the expansion of digital operations.

Potential Legal Issues Following the Adoption of Smart

Port Technologies

This study examined the current legal and institutional
framework for smart port technology adoption to identify

the necessity and rationale for institutional improvements.

A wide range of port-related laws, such as the Harbor Act, the
Special Act on Port Safety, and the Actr on Fostering and
Supporting the Port Technology Industry, are in place and are
also linked with legislation in related fields, including industrial

safety, personal data protection, and the environment.

The existing institutional framework shows limitations in
accommodating new technologies and changing environments,
confirming the need for institutional improvements that align

with port technology development and adoption.

Through expert consultation, the study identified 23
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potential legal and institutional issues arising from the

adoption of smart port technologies.

- Based on expert consultation, 23 potential legal and institutional
issues arising from the adoption of smart port technologies were
identified.

- The identified issues include ‘Absence of Cybersecurity
Management Guidelines,” ‘Insufficient Inspection Standards for
New Types of Port Equipment,” and ‘Unclear Feasibility of the

Routine Use of Drones for Facility Maintenance Purposes.’

= By examining institutional improvement cases that facilitated
smooth technology adoption in overseas ports and in other
sectors in Korea, six types of improvement measures were

derived.

- Institutional improvements were implemented in the forms of
legal and institutional framework revision, inspection and
certification system establishment, safety and risk management,
operational and procedural efficiency enhancement, and education

and infrastructure support.

3) Legal and Institutional Improvement Measures for Smart

Port Technology

= This study established basic directions for legal and
institutional improvement measures aligned with policies
aimed at developing legal and institutional frameworks

responsive to environmental changes.
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Establishment of directions for legal and institutional
improvements related to smart port technology adoption,
aligned with the basic policy directions and principles aimed
at building flexible legal and institutional frameworks in

response to environmental changes.

In formulating the basic directions for legal and institutional
improvement measures related to the adoption of smart port
technologies, consideration is given to: reviewing improvement
targets in line with the objectives and nature of the
improvements; establishing a flexible framework that does not
constrain future technological development; and promoting a
smooth transition to smart ports that accommodates complex
changes beyond simple technology adoption, including

operational systems and value creation.

This study presented 10 improvement measures based on
comprehensive consideration of the previously identified
potential issues, legal and institutional improvement types
from other cases, and basic directions for legal and

institutional improvement.

The study proposed establishing legal definitions that serve as
management standards for registration and inspection of newly

adopted automated port equipment.

As improvement measures for design standards that reflect
automated terminal characteristics, the study proposed
establishing design standards for automated container terminals.

It also proposed revising the Design Standards for Harbors and
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Fishing Ports and Special Act on Port Safety to accommodate
expanded adoption of power supply facilities for electrified

equipment.

To modernize inspection and management standards for port
facilities and equipment, the study proposed improvement
measures to include automated transport equipment as subjects
of installation inspection with dedicated inspection standards,
and to enable the application of advanced technologies such

as drones for port facility safety inspections.

To establish the data utilization and management foundations
that determine smart port competitiveness, the study suggested
measures such as establishing legal grounds for personal
information and location data utilization, promoting port data
standardization, and developing standards for port carbon

emission calculation.

To enhance smart port safety and security systems, this study
proposed measures including establishing safety management
guidelines that reflect smart port equipment and operational
characteristics, and creating institutional foundations for

strengthening port cybersecurity.

Xix



{(Summary Figure 1) Legal and Institutional Improvement Measures

Related to Smart Port Technology
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3. Policy Recommendations

= Establishment of a Smart Port Legal and Institutional

Framework Roadmap

- To support systematic smart port development, it is necessary

to establish a roadmap that ensures legal and institutional

acceptance in alignment with domestic laws and policies on

smart port promotion and technology development.

XX
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Development of an Inter-ministerial and Stakeholder

Collaboration Platform

The transition to smart ports requires coordination with policies
across various ministries including transportation, environment,
industry, and information and communications. Participation is
essentially required from diverse stakeholders including terminal
operators, port authorities, port technology companies, and

other experts.

Incorporation and Implementation of Legal and Institutional
Improvement Tasks in the Port Technology Industry

Development Plan

To secure policy implementation capacity, legal and institutional
improvement tasks should be included in the Port Technology
Industry Development Plan to be established under the Act on
Fostering and Supporting the Port Technology Industry.

Establishment of a Virtuous Cycle Linking Smart Port

Technology Demonstration, Institutionalization, and Feedback

A virtuous cycle system should be established that promotes
necessary legal and institutional enactment and revision based
on new technology demonstration results, while continuously
monitoring and supplementing the operation of adopted legal

and institutional frameworks.

Enhancement of Social Acceptance during the Smart Port

Transition Process

XXi



- In addition to technological preparation, policies should be
pursued concurrently to enhance social acceptance, including
improving professional workforce training systems and facilitating

smooth job transitions.

XXii
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Feto] ot MeE 85tal A&EAR WA o|F7] HsiA= g4l
RS zk= Zlo] #4938 Aol (Liu, C., Zhan, S. & Heng, L.,



M2 01

2022) 543t A7t Sk = ook gt (Stough, Roger R., 2005) o<
o] Mol Fute] AnlESE oot 2o A2 WY, BE, 4,
AHAA 59 HAE AH] Ba/dS A48 A (Almeida, F., 2023;
Boullauazan, Sys, & Vanelslander, 2023; Othman, Gazzar & Knez,
2022) FAH R JAo] Bagt HAEE AlEstAY 7HA Bk AA

AL ottt

AE A Lo A= Bt A9 A /A IAIE AA AL HREsE
A3t A" S S, HHE AR U Byt AA vl (Brunila, Kunnaala-
Hyrkki & Inkinen, 2021) IoT 71& &8 93t Hlolg AHdA ALt
MAMEH S A9 Au| £4],(Gao, Chang, & Chen, 2023) 5G &4l
TS Rt WA ESAA, 322 BA, BEAY 75 EA(Potter,
Wang & Naim, 2024) 50| sfa=ofoF & A|=4 7| ZAZ A=A
o} T8y ot APATE B V&9 TYS AT HAE A 28
A< T o s thRe o] HEY, PR AR O = HE= v

3t Ao,

©)

v

O

FUSAE 15 AtER Tl AT 714 DA olsolze
o, WA S Baxe AAska ot FAHel Y Bast et

S AN AP RIS T 5 9

T

AT A71%0] 413t ALs] 2dtel m1A oS efSsr] S o
P WHES T8 Gk FEHOR 7|49 £Y APS YT 1
2 QIst wiske SR AolAE XA, B4 o AT g
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WA, A A R9h kEa 'ﬂﬂ% A A7t v =9l
Al 2(2022)= AAFE AlAf 183 A Q1 LR FOIE 53
stof HAE Aol a7sk= X—H Hste} Q14 AlolE mepsioly, 74
(20252 Az WAAE WIC= T FGIE 53 UBAs =Yl 4

AFgI dtEle] wiAls 9 TAEeE EASgT. deY e
(2022)2 =8 A= A2 A7t JdZ Y22 FG
=90l leFsao] vAE A HekE EAsHl

H, AU 7H E4Z Bl vl Ve =YY odRt 7Rs A Al
AlgE AT ek AE 9(2020)= B AS HHolE - EEA 5 YA
g 7]&o] A& 7FsS ARl mE 9= AWsh] {8l dRrgEEA]
(GMA: General Morphological Analysis) HES &g dAA 0]
olg] FAIE AHIRE B9 vjef AU E &5t AB:(2020)
221 ARFUE HolHE &8s gAEnto|-EHEFS AL,
HA] QIAAZ(FCM: Fuzzy Cognitive Map) 7|9 AUl 7|8 9 7]&
2o A 5= B9l FRAFF7IUAY) AHIE EA6HH

rSL rsh

E3E dlolg 715t AF £4E 9l Ve =Y A9 gsiet A+t
Qltt. ATHE(2023)= AnH }E 55 81 7|eS e R E5- =22

Ho[HE 283 By ndly YEQT B4, AAE £4, GTM(Generative
Topology Mappmg)*e— oPOq n# % 71&S EEol, olE B
2 71& 2EWS A A 22022 ©AFE e T4
B 2AVIA 35 B30t vlE- e PRSI A, He 9 5 FEol
A 7P Bl8aE&HRl =Y AUEE AAsAt. ol9le: Musarat,
M. A. et al.(2023)2 £ HEE &9l A9EY 5.00] 7A4H4Ge 7HA]
< wstel IAE Aot
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3) MNEX X Al 9l JHM HIOL £

12 X

A% =9, 2utEsh G 02 WA AEE st M
At =% AT I AR A BFEE =SS, AA B4 A
FollA] FAHR AM ek A AT S0z vehdith, 1zl 7

9 OECD(2021)7} tiEAo|t}. g A 7| v oFAto] thath Al
A4S E3l FAESE AASH 2a4dS =&l FAF SR Vst v
AFAR] AANE &, dolg 718 A4 2 Z=GFA), 35 A R

T’41 3

A A #Eofel -2 H| HfAE FHE HHAE % “Eﬂm A=
< AAsta Stk ek Hopet I AR 4AlVlE Eiol w27
FA}, AtolHERE, AR ML 5o B} A #8Y 1=st ]
otal(de la Pefla Zarzuelo, Freire Soeane & Lopez Bermudez,
2020), FESF gt g R Est Agto] = AAE 534, AH A7 L
Hypo] et M= ¥4 Ba, Afo|HERt, HREslof gt A% 59 A
o] gty 4~ 98-8 TE5F1 At (Brunila, Kunnaala, & Inkinen,
2021; Almeida, F., 2023) o9t 5ol tiet AE= v o] FofA|1L ]
o, FAARL M HREE Al e Adely AWdA JiA
59 HRFS E&ol=d| 1A 1 U}t (Othman, Gazzar, & Knez, 2022;
Kevin X. Li et al.,2023)

= B FopollA= HAE AT} /R Bk T HES
Folth. (o153t 9, 2020; A9 -YAA-0lFS 20215 F
A7} o o] Foj7l Hofz, A FofllA= A4 EE 2 ATA e
AW, FAMEEA =9, 34 HAEs} (4R F5E, 2021), &
OlE Qlie} Hopo= 3349, WE HofollAd= B A E A

A FE MY AN, Al 24 71 S 2019 $3541,
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£ chyet 419
A7t Ssioiet

rir
e

89 AR} A QA wRtol gt 7457} Aok (FARA 5
2019; 289 9|, 2020; 4 EW ET : ﬁlTXi k= 2021a) &
AE S v 7je9 2H ¢ 1—0}1 AAHO R A o]FE

aha 9 gujsly] Y3 x}gTonx} =
Al

S8 SE, A8, ARFPAEH, 2 54 HOPOﬂHL olu] 74

2, AeEa SR, 2R,
AFAS, %r% el 71AF 83k AjA|Q] 8T 714 Hok= tialo g A
AH FAG4 BEW S S ,ﬂﬁ‘r 2o et A 3 oA
& —’F—%‘é% 11 e Ao dEE= WY 3

FE, 47 39, /% o)y

59] BA7} Aol B 4 9lonE o]F MAHoR WIS 1] wet

a7k Bas WAEA BAS o] SR o] S,
zE

=

B 1-3) MHA FHSM 2EH &2 518t
=Of =& A7 e N
Xrezsixt 2018.11. ZENEE
E=2 2019.10. ZENER
XIStZR} 2020.04. SHEE MASHAAES
7ta SUEAE(VR-AR) 2020.08. ep |agHESHe
25 2020.10. LS YT
QIBXIS(Al) 2020.12. P |e LR
XrestMut 2021.10. oA
7het 88 MIAI(TIEHAA) 2023.02. e sy H SR

NSRS RSS!

olgigt A A Wt TEole tREE £ A, AHEIEA, dEHF
29 Zg3l9tt.de la Pefia Zarzuelo, Freire Soeane &
Lopez Bermudez, 2020; OECD, 2021, A& €49 0]F3t 2021)
AHP, IPA 59 EARAE A& /A 20 WA O4L9E w31
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Y Seal7E Sk, 2016 o[, 2019 HEE-94T,
2020 ) FAH A AL AR Ao W EL 2 04 28, 2
ARHe oz 01301%42 o % Om} AN olfat WHE

1 A

Az Y A d 7R ek 2] UepdE & 5 ok I Fof
Me AUE 719 =Y AZ|7F &L, @A7EA] Aol et HEY Alx
M9l a/do] FHEA ot7] fio] B2 A7t o]FojA A= gt
O‘E} T2 AUEYT V)& T 459, ANE 3 Bof & 5o
B3t Aot (HEE-54T, 2020; FH5E-QH5E o]
<§ HE4], 2024) wEka Fak Eof FA] A digt

(o] o "lg
stal, A MY AA 52 wefste] AA 2 = e A Bt =&

M 9 wRUte ARSh: 7144 ZHo] 28e 9% A% 99,
A= AUEFT 7] . e
mEGTE 28 71&3 AnEYT 7= 24 RS dH oz BAg 4
PAT] AAE BHds] Ao 71e Y A,

A HAZH BH A%, A

>
).
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3}, Qdete] 5 chopst Bofe] AntEdt 714
L ER B Hof AWATSNNE AZ 54 S1an
7130 Fastel AESIGOL 2 At AntEglolehs 23l 3

&

AR, A 24 HHAoAE AdA X4E Bt Othman, Gazzar,
& Knez(2022); Kevin. X. Li et al.(2023); Almeida, F.(2023) 59] &
Tol|Ae}F o] 7]& ARtERTE I APATolA = HAE Aol B8
T2 AAH S0 OFEAY dF 239 vHE A -5k 0 14
I qlo] AR HE 7EtE AASEAY FAIA R A JREE A5
A ket ¥hH 2 Al 7MY AnEYNRE A5t alidE= ¥
sk} olof] W2 WY 7t F& A3E At FAIAQ] HAR JiA et
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(B 1-4) HH7A0| AHEY

T M FIES = ey

o| 548} 9 O MA0| THof Thi Yen Pham(2023); . ADIESIO 7|4 A2

L S I =L ' Paraskevas et S /lE TS
a7 S7E8 58S = HIE QI8 HHEN &
Z2H |« ADIESDE MSHS 9|5t al'(2.024) ° HO Ol HHAEH N
| wHls Zmojemme CKevinX et Mot AiX

se Xl;'q al.(2023); Almeida,

B F.(2023) &

e s aAT (2009), BRI 2B
o| X =NS G -
AIEB SIS AT 5091) Gao, Chang, &
*JlE 20 ME

A MHE oSF GE 7
TR AR JHAM Bt MIAl=

0g

o A=Y 1E3H2022),
Musarat, M. A et =
al.(2023) £ o

cEt & AR >
E.r “Oﬂwt “Z—EF * - HES(2021);
0 2 BSOS U3 oSS
K341 810t2 FIA = S
© ADESBEHBS Qo * Liu, C., Z(han, ? &
LQ5t M BIOES MO Heng, L.(2022); _
= — o2 - ) Al Eol_urjA 0|9
o 2Z0M 42 Othman, Gazzar & = f_oﬂ-_i |§;§uur|—
o = = xoytol | Knez(2022) S 2 AN geks He
I i s S =R B e AL Halel B
- B, S5 =252 & 0 PB(026); AYE | myms sy
27802 XXM R | (2020); HT+E(2023)
YIER HHE RN | S
Al7|& COITE AP O B N
' ;}i'ii;L.L;;ﬁ' o UEE025); 24 9
Moo moorols oy (2020); BTE(2023)
402 FRIOIER, N 2 S
oI | L}2|Q £ H|O|E J|Et _ =Y, M2
ae | AZ 2N Seiuwy mg  OKYQ019) SEN IO ), ARz, o
R (2021); BHI2(2023);  HES| ZEH 24 3

U U ST, EF 20 ol (2023,
A2l ZEE 5t 20" 2625(25020), o1A3] 9
24 3l A ROt A S

L

-

17






ADIES 718 £ U 81y Wt M

S b
°-|-'
2 %
)
N
ko
N
b
==
ﬂlé'i
oBL'

Egyt TEE)
B D I T
ool Ltehd Wiste AR B 4

ok WAEA AEe £Ee] A3t 7|2ARE BESIA ek

AR ADIESDH 7|87 S

4 o, Avleolg B 27sk 7
AolahA Belsm e,

Belmoukari, Audy & Forget(2023)0] W2 ARFERNHY] o= A|

19



7ol wet )4 qlmet B4t AERE Yol 29 BT BF 9
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10
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| OII3t EX2 SIS WG ZYAS Lot B B4 O
KecellZ01D) | o2 ofatemixiael el 52
- 2N THHIsior AR B BRE So) SEHOLD K4 k58 o
Wuetal @19 umg raisk aer
Duin et al.(2014) | * & XiSa1E 740 2| S S0t
Willams et al.(2014) |+ MARIOR OISHEMARYH S8 BRale BE Tlvt &9t
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o AL 7T =5 = st
al.(2017) AT XS H AIZ H(o{=ls 8ot
Swuying et al.(2018) |+ SAIK ICT, Al, MSEHE S5 01 72t AZES Xi2d
. CIZHMTE RHESE ANZHHIOIH 2O 2 sttt 0|5 -
JOV|C et a|(2019) gxal oJ—l' XI’o?—l’, E ||_ 1|0| ‘I ST Ol_J—l' O|0H|_|'71|X|' 7h &5
O -
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(8 2-2) 52 7178 ADEFD Ho|
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The Problem

1- Hey! I’'m listen to you

| “move” “27 -2
3- Sorry I don't understand you, Who are you?

I am STSO1 from London-4
5-When do you move?

Today From 12:00 to 12:10 -6
7- What part of the process? Beginning or end?

1 already finished -8
9- “2"” is a forecast or confirmed value?

Itis done!-10
11- What is the measurement unit of “2”?

2 are units, it is the number of “Boxes” -12
13- Fantastic!

HO|E BES} &

14- Hi guys, why don't you use TIC 4.07? It is easier:
ln‘ Today At 12:00-12:10 London-STS01 move out result “2” boxes

X=: TIC 4.0(AMY: 2025.9.1.)
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- Header(A|EX}, SAIX}, 248 A7)
- Subject(FA|: HH|, 74H|0|L1, i &)
HIO|Ef 22 | - Concept(MEl: & & 5)
- Observed Property(E8 £4: 7{2|, £, &, 21|, ZH 5)
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