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. Introduction

= Korea's transport policy must be understood within the context of
the Korean economic miracle.

= Transport was not only a mobility tool, but a strategic driver of
productivity, market expansion, and national integration.

= At the same time, transport growth also created risks such as
regional inequality and uneven development.

» The chapter frames Korean transport policy as part of the broader
global evolution of economic growth and transport technology.



1.1 Korean Economic Miracle

Unemployment s estimated at s high as 25 percent of the labor force. Gross

national prodict in 1960 was less than $2 billon and per capita income wel A Miracle that Continued: Republic of Korea's Economic Ascent (1961-2023)

under $100. Hlectric generating capacity s only one-sixth that of for example = average GNP growth of 7.6% for 6 decades (historical context)
Mexico and annual output s less than 70 kilowatt hours per capita. The only - Per-capita GDP: $69 (1953) -> approx. $35,000 (2023 estimate)
other source of energy is coal, there being no ol or natural gas. Mineral = transformed from a beneficiary to a prominent world player

resources are deficient in several other vital categories. As much s three-
fourths of the forest area is either denuded or covered with scrub growth.
Evports have averaged a scant $20000000 annually as apposed to a volum
of imports (exclusive of military items) amounting to $200000000 per year
Thus it can easily be seen that there /s no possibility of an economic
miracle being wrought in South Korea
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from global financial institutions

Source: Bank of Korea, https://ecos.bok.or.kr/

Source: Myunggu Kang, Infrastructure Development and Economic Growth: Korea’s Experience, International Urban Development Collaboration, Seoul Metro Government



1.2. Economic Role of Transportation

Transport plays a vital role in shaping economies.

Not only reduce travel time and cost, but also

supports clusters and agglomerations(Growth Pole);
Increases productivity;

enhances jobs and labor market accessibility;
opens new markets for businesses; and

improve supply chain efficiency.

But should watch out on side effects such as worsening
, and
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1.3. Evolution of Global Economic Growth

The Cognitive Era

The Space Economy &
advanced energy

The Al-Driven
Economy
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Schwab, K. (2016). The Fourth Industrial Revolution. World Economic Forum.



1) Economic Development(1970~): Transport Infra Investments

@ History of Major Transport Investment
® Seoul-Busan Expressway

® Seoul-Busan High-Speed Railway

® Incheon International Airport

® New Busan Seaport

® Urban Railway

® 4 River National Bike Highway



ll. Economic Development (1970~): Transport
Infrastructure Investment & Funding Stability

Korea’s early transport policy was centered on timely national
Infrastructure investment.

Major projects such as the Seoul-Busan Expressway, KTX, Incheon
International Airport, New Busan Port, and urban railways supported
industrialization and export-led growth in a flexible and rapid way.

Infrastructure policy created the physical backbone of national economic
expansion.

The "Special Account for Transport Facilities" was legislated in 1994 to
secure stable investment funds based on fuel taxes.



2.0. Theory behind Transport Infra Investment

CONCEPTUAL MODEL: TRANSPORT INFRASTRUCTURE INVESTMENT - ECONOMIC GROWTH

ECONOMIC OUTPUT (GDP LEVEL)

TRANSPORT INFRASTRUCTURE INVESTMENT (STOCK/AMOUNT)



2.1. History of Major Transport Investments

1970 Seoul-Busan Expressway

1978 Busan port
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2.2. Seoul-Busan Expressway(SBE) (1970)

. . o &d \“w r- Segment L(e:ri;h Opening Date Ci:gz:n
’0‘ 7X9 Natlonal Zi‘\’i; 237 | 1968.12.21 | 8 Lanes
° Suwon —
nghway Network oo 14.1 1968.12.30 | 8 Lanes
Osan = | ag 1969.09.28 | 8 Lanes
Cheonan
_C;Z;”:O“n 68.2 | 1968.12.10 | 8.6 Lanes
+ To support SB growth axis Dasieon | 1200 | 1eromror | B6%
. Daegu . T Lanes
* To access the national artery 0290 | o1 | resrere | P64
Busan : o Lanes
road network within 30 S R

minutes from everywhere

*  42.97 billion won investment
23.6% of the nation’s 1968
annual budget

* 29 months to complete

*  For 7X9, over 90% completed
by 2023

*  Currently, Hwy network
expanded to 10X10




Harmonization of Highway and Rail

| USA KOREA
Road-oriented Combination of Bus and Rail,
Inexpensive,

Equipped with advanced IT technologies

JAPAN

Rail-oriented

n
>
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% KTX Expansion Plan

- High-speed rail network:
406km('10) = 700km('26)

- Gyeongbu HSR(Seoul-Busan)

Honam HSR(Seoul-Mokpo)

- Enhancing the annual freight
capa of the old Gyeongbu line
8.6 times with passenger capa
increased 2.5 times

Gyeongbu Line
(412 km)




2.4. Incheon International Airport (2003)

«+ Built on reclaimed land:

- 106 million of passenger capa

(World #3)
- part of Incheon Econ. Free Zone

% Achieved an ACl's
“Best Airport Wolrdwide
Award” 14 years in a row
for its service excellence

- Transfer rate:
11.4%('01) = 17-18%('25)



L)

L)

2.5. New Busan Seaport (2006)

Built on a reclaimed land

in One of the world’s ~incheon-
° é:lf.‘ & .“‘:/\‘—:
largest container ports .“ o

- Annual container traffic
exceeding 250 million tons(’'25)

- 66% of total exports and
imports




2.6. Urban Railways (from 1974) & Transit Oriented Development

SEOUL METRO MAP (452 4% 1-AE) 2026 diton i

X Metropolitan Area’s
Urban Railway Service

- Seoul Metro Area:

24 lines (1,250km)
- Busan: 6 lines(116km)
- Daegu: 3 lines(91km) 2EH EAHE X|E

SEOUL METROPOLITAN SUBWAY MAP

- Gwangju: 1 line(20km) S

- Daejeon 1 line(23km) AN
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hways (starting from 2010)
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Current Stocks of Transport Infrastructure

* Highway: 382,000km(2025)
* Railway: 4,800km
* Airport: 16 (capacity: 160 million passenger capa)

* Port capacity: 28.50 million TEU

19



Transport Infrastructure Special Account

% Securing stable financial resources

/

% Legislating Transport Infra. Special Account (1994)

%+ Based on the revenue from ear-marked oil tax

20



Financial Resource Allocation by Mode

Others/Logis ISEN LIS
Year Road (%) Rail (%) Airport (%) Port (%) . g t (Trillion K
tics (%)

RW)
1994 62.6 21.5 7.1 8.8 0.0 4.53
2008 52.8 27.4 1.7 13.1 5.1 13.22
2024 (Fixed) 36.2 38.8 3.5 6.7 14.8 ~20.1
2025 (Propos 34.8 40.1 4.2 6.5 14.4 ~21.4

al)

21




High Occupancy Vehicle Lane(1994)

Namsan Tunnel Congestion Pricing(1996)

Bus Rapid Transit(2004)

Utilization of ICT for Public Transport
Cheonggye Stream Restoration & Traffic Calming

Overpass Demolition



lll. Green Growth (1996~): TDM and Traffic Calming

= As congestion and environmental costs increased, policy shifted from
road expansion to demand management and sustainable mobility.

= Key tools included HOV lanes, congestion pricing, BRT, integrated
smart-card fares, traffic calming, and overpass demolition.

= projects such as Cheonggye Stream restoration & the removal of
overpass symbolized the move from car-centric planning to people-
oriented urban space.

= Green growth in transport meant combining efficiency, public
transport, and urban livability.



3.0. Theory behind TDM & Traffic Calming

BRAESS'S PARADOX

Adding a Shortcut Increases Travel Time

* BEFORE: NO SHORTCUT | AFTER: SHORTCUT ADDED

C-B: x/10
(x traffic)

C-B: x/10
. (x traffic)

A-D path (traffic 1000): C-B path (traffic 1000):

A-C-B 0%'(h: AS-(?O-B path: 1000/10 = 100 min  p- path (shortcut): 1000/10 = 100 min
100 + =55°/10 = 150 min 30710 +100 = 150 min Total travel time increases: 100 + 10 +100 = 210 min
Drivers are balanced and time is 150 min. Selfish choices cause congestion and increased total

time to 210 min.

INDIVIDUAL SELFISH BEHAVIOR LEADS TO GLOBAL INEFFICIENT EQUILIBRIUM.

24



3.1. HOV lane on Expressway

’0

» Express HOV Lane on
Kyungbu Expressway

- Introduced in 1994

- Operation hr: 07-21

- Length : 140.9km

- Bus and 9 or more seats
passenger cars or vans
are allowed to use
(6 or more persons)

25



3.2. Congestion Pricing on Namsan Tunnels

CONGESTION PRICING THEORY

ECONOMICS OF CONGESTION PRICING:

1.NO TOLL: OPTIMIZING TRAFFIC THROUGH INCENTIVES 2. WITH TOLL:
EXCESSIVE TRAFFIC A OPTIMAL FLOW
2 5 MARKET EQUILIBRIUM ~ SOCIAL OPTIMUM 3 2
« Drivers consider only o (No Toll) (With Toll) Marginal « Congestion Toll sets user
Private Costs g (ﬁggz‘rg‘% cost equal to Social Cost
& 8 EXTERNALITIES |  EFFICIENT SMC=PMC +
3 (MEC)NOT | TRAFFIC FLOW Marginal
g ACCOUNTED External Cost [MEC)
FOR
£ e
3 CONGESTION ®
2 CONGESTION rT . -Th%(l;' @' v %
;':' (e oll = MEC at Qs 1<
+ Drivers consider only 5 P, INTERNALIZED . Congestion Toll sets user
;nvafe (:t;s;s p § 7 / EXTERALCOST, cost equal to Social Cost
* Marginal External Costs - ]
(MEC) are ignored .E.’l — * Reduces dt;lafflc dem:n(; toQs
« Excessive trips (Qe > Q) Marginal Private Cost D, Value of Trip)  * Improved flow, speeds

@‘ 5 (MPC or PMC) < welfare
SEVERE CONGESTION Qe Qs  TRAFFIC VOLUME TOLL REVENUE UTILIZED
& INEFFICIENCY. (5] (Equilibrium, Optimal Quantity) (@ number of trips) FOR PUBLIC GOODS.

TOLL LEVEL = Marginal External Cost at Qs (Toll = MEC at Qs)
GOAL: INTERNALIZE THE EXTERNALITY.

SEOUL CITY NAMSAN CONGESTION CHARGE COLLECTION PROJECT
(INTRODUCED IN 1996)

@ BEFORE

.
€) AFTER EFFECTS

[NAMSAN NO.1&

SEVERE TRAFFIC [HO:3 TUNNELS y . 3TUNNE @ TRAFFIC VOLUME
CONGESTION REDUCTION teenor. 15:20%)
@ SLOWTRAVEL & @ TRAVEL SPEED
IMPROVEMENT geror 25
WORSENING REDUCTION IN
AR POLLUTION AIR POLLUTANTS

*PROJECT LEADS TO NOTICEABLE
TRAFFIC AND ENVIRONMENTAL

*BEFORE INTRODUCTION, TRAFFIC
\WAS SEVERE, TRAVEL SPEED SLOW,
AND AIR POLLUTION HIGH, IMPROVEMENTS,

= FEE: 2,000 KRW
I (WEEKDAYS 7 AM - 9 PM)

@) REVENUE

REVENUE UTILIZATION
PUBLIC TRANSPORTATION FACILITIES;
EXPANSION & IMPROVEMENT ' s

E: EcO BN LS

IMPLEMENTED ON NOV 1, 1995 =

TARGET: CARS WITH 2 OR
FEWER OCCUPANTS

*Targeting key congestion traffic
through Namsan routes.
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3.3. Bus Rapid Transit(BRT)

)

L)

» Bus Rapid Transit in Seoul
Metropolitan Area (2004)

- Transit network of Median
Exclusive Bus Lane

- Seoul city: 31 corridors,
140km

- Gyeonggi province :
12 corridors, 160km

- Provides Faster and Reliable
Travel Service




3.4. Utilization of ICT for Public Transportation (2004)

Smart Transport Card and Free Transfer

- Bus and Metro

- Maximum 4 times of transfer within a single trip
- Distance-, service-based integrated fare scheme

Bus Subway
Calculation . Calculation
System System

Transaction
Data
Center




3.5. Cheonggye Stream Restoration & Traffic Calming (2005-now)

2005

Before 1950 1960-1970

Cheonggye Stream



3.5. Cheonggye Stream Restoration & Traffic Calming (2005-now)

TRANSFORMATION OF SEOUL STATION OVERPASS

PRESENT: PEDESTRIAN-CENTRIC GREEN WALKWAY (SEOULLO 7017)
Sl = 3 3 ‘ I :

{25

£

20054: Xtz S4l0| TIHER SIXH: Al SAlo| 22 B (SR 7017)

2005: Vehicle-centric Overpass Present: Pedestrian-centric Green Walkway (Seoullo 7017)

Seoul Station Overpass before after

A2 S22| ¥is}: 20054 vs Sx| TRANSFORMATION OF JONGNO, SEOUL: 2005 vs CURRENT

A& B2 (2005) JONGNO, SEOUL ( A& B2 ($X)) : JONGNO, SEOUL (CURRENT)
T . f N

/ - =

\ e s
JONGNO, SEOUL (2005) JONGNO, SEOUL (CURRENT)

wangwi'namoo Iaza Jongno St. before after 30

> | . w \Y




3.7. Overpass Demolition (2002<~)

19 overpasses were removed until 2014 in Seoul

M . . v’ Landscape improvement v save maintenance cost v better traffic flow
ajor objects . ; : : ;
v install exclusive median bus lane v connect with other projects
1994 2002 2003 2004 2007 2008 2009 2010 2011 2012 2014 2015
=
1
o z 0 0 z z ®
o = =3 &
Y Q ° s g o Z s T % <] I > o
23 s BRFsp=32f3ici o F5: s T o2
e E =8 283 § 32 e s 2 R OB OE N o
<% e 223 & = Eg. 8 5 2 5 K 2 & 3@ @B 5 € 3
=3 Se= < c ¥ Qe = o c
3 = ® = §-R = 5

1Dduckjeon (2002)

Source: Jooho Ko, Integrated Public Transport System in Seoul Metropolitan Area, Sep. 2019
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WS Digital Revolution(2007~): MaaS on Platform

® Connected, Automated, Shared, Electrified(CASE)

® Carsharing to Taxi-app

® Mobility as a Service(MaaS)

# Lifestyle Superapp over Mobility, Delivery, & Fintech



IV. Digital Revolution (2007~): Maa$S on Platform

Smartphones and app-based platforms changed transport from
infrastructure provision to service-based mobility.

= Korea saw the rise of carsharing, taxi apps, MaaS, and lifestyle
superapps linking mobility with delivery and fintech.

= The C.A.S.E. trend—Connected, Automated, Shared, Electrified—
became the new policy and market framework.

= Mobility in this era became increasingly data-driven, platform-based,
and user-centered.



4.0. Theory behind Digital Revolution

% The emergence of the iPhone and the widespread adoption of app-based platform

technologies have led to a decline in demand for human labor with low technological
dependence.

THE DIGITAL REVOLUTION PARADOX: INSIGHTS FROM BRYNJOLFSSON & MCAFEE (POST-2006 DECOUPLING)

KEY ARGUMENT

Divergent trends after accelerating digital adoption (e.g., iPhone era): Real GDP per Capita rises, while Real Median
BRYNJOLFSSON AND MCAFEE Household and Income stagnates or falls. The cause? A decoupling of labor demand from productivity gains.

U.S. REAL GDP PER CAPITA VS. REAL MEDIAN HOUSEHOLD INCOME (INDEXED TO 2006)
: 2006-2007: iPHONE RELEASE &

i

: CAPITA Zn
= ACCELERATING DIGITAL ADOPTION REA\- GDP PER
= S
g
e THE GREAT DECOUPLING
]
2
o REAL MEDIAN HOUSEHOLD INCOME 3% o
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020+
YEAR
|I. DECREASED LABOR MARKET DEMAND : 1l. INCREASED PER-CAPITA PRODUCTIVITY
& X __ ’ : 7 & Q. ==
N, s i ﬁ Lmem — — Rmay, =
() © izeszo
£, Goseco
ACCELERATING TECHNOLOGY- ENABLED FEWER WORKERS LOWER LABOR E DIGITAL INNOVATION ENHANCED VALUE PRODUCTION PER HIGHER OUTPUT
AUTOMATION & Al REPLACEMENT OF NEEDED PER UNIT DEMAND FOR . &EFFICIENCY GAINS CREATION WITH LESS WORKER RISES PER EMPLOYEE
ROUTINE & COGNITIVE TASKS OF OUTPUT MANY ROLES : PHYSICAL CAPITAL OR LABOR

, Technology boosts overall output (GDP), but the benefits are not shared equally. Capital and high-skill
KEY TAKEAWAY: PRODUCTIVITY DISTRIBUTED UNEVENLY workere & a larger share, while many labor-intensive jobs see reduced demand and stagnant wages.
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4.1. C.AS.E.

e C: Connected: v2xtechnology
enables communication between moving
vehicles and other vehicles or infrastructure
to provide various traffic information in real
time, helping prevent congestion and
accidents.

e A: Automated: Autonomous Vehicles
have been in testing in the United States
and China. Autonomous mobility pilot
projects are expanding into shuttles, UAM,
drones, and autonomous ships.

e S: Shared: New mobility services
emerged, including Ttareungi (2011), Socar
(2012), Kakao Taxi (2014), platform taxis
(2020), and MaasS.

e E: Electrified: In 2020, domestic electric
vehicle sales in Korea, including hybrids,
grew by 46% year-on-year. Korea has set
a target of 4.4 million electric vehicles by
2030, while continuing efforts to expand
subsidies and charging infrastructure.




4.2.

R/
0.0

0.0

R/
0.0

Carsharing to Taxi-app

September 2011: Launch of GreenCar service (The first in Korea)
March 2012: Launch of SOCAR service (Started in Jeju Island and expanded nationwide
March 2015: Launch of KakaoMobility mobile Taxi-call app

MOBILITY INDUSTRY EVOLUTION IN SOUTH KOREA () scouL inFo
BEFORE 2010 AROUND 2010 AFTER 2010
Traditional Taxi Industry - Emergence of Platform Technology Prospering Carsharing Industry
= = * Mobili - Started
‘kl : @ g% Ingo:rellttyion Fltgl::?shto
: == Begins
Call Taxi Street Hail ; - s
Seoul
KOREAN CASE STUDIES Seoul
( Kakaomobility Taxi App Tada Carsharing App ji [ Traditional Taxi Industry Crisis
A A CRisis Decline in Demand
: ; ‘ for Traditional Taxis
pmand” pomant’ .

CRISIS  pecreased Jobs




4.3. MaaS

J J
0’0 0’0

Public Transit Navigation + Last-Mile Integration (2022):
Super App Strategy (2024-Present): Since 2024, Naver has established a complete MaaS model that

analyzes user mobility patterns through Al integration.
% CEO of MaaS Global, Sampo Hietanen: laying off half of its employees, closing Brazilian office

acknowledged that the company’s cash situation is serious.

Light & Customer Car Clubs / Fleets/ Car
Heavy Rail as a Service
A 4
Cycle Hire Schedule, Real Infrastructure Access
Schemes Time Information & ~ . (e.g. Toll Roads/ Car
Services v i Parks)

Mobility Services

Aggregatpr(MaaS
Buses (fj====] Provider) Taxis and Private
Hire Vehicles

Fuel / Identity /
Energy Token
Payment /
Funding
Source

Source: https://www.researchgate.net/figure/Mobility-as-a-Service-concept-
source-http-wwwtransportknowledgehuborguk_fig1_339788203

"WE SHOULD
ADMIRE THE CAR:
NOT BLAME IT"

alls

SPEEDING UP THE MOBILITY TRANSITION
Sampo Hietanen, Maa$S Global

https://www.transportxtra.com/publications/local-transport-
today/news/72160/maas-global-creator-of-maas-app-whim-lays-off-staff-as-
it-re-organises-/



4.3. Lifestyle Superapp over Mobility, Delivery, and Fintech

% KakaoMobility, venturing into Lifestyle Superapp over Mobility, Delivery, and Fintech.
% Expanding its presence in the global market, presence in 30+ countries worldwide including Japan,

UK, Germany, and so on

Picture Sourece: Hyewon Cho,
Seamless Journey in the
Connected World,
Kakaomobility, presented in
NEMO 2023.



0 Covid19(2019~): Work from Home(WfH) & Online Shopping

® Work From Home & Online Shopping
® Virtual Mobility

® Demand Responsive Transport(DRT)



V. Covid-19 (2019~): WfH, Virtual Mobility, and DRT

= Covid-19 caused a major break in travel behavior, with public
transport ridership falling sharply and new forms of mobility rising.

= Work from home, online shopping, digital nomadism, and virtual
mobility reduced some physical travel demand while reshaping
logistics.

= The pandemic accelerated debate over whether cities would return to
business as usual or move toward a new normal.

= Demand Responsive Transport (DRT) emerged as an important
flexible service model in both urban and lower-density areas to
respond to soaring public bus subsidy burden.



5.0. Historic Events resulted in Mobility Innovation

World War 1, |l Postwar Urbanization

Industrial Revolution

Covid19
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5.0. Hensher’s Hypothesis on Mobility Innovation

David Hensher (2020) proposes two extreme scenarios regarding the future emergence of
innovative mobility solutions in response to changes in the surrounding environment related

to mobility

1. Scenario 1: Business As Usual (BAU)

® This scenario assumes that the effects of Work From Home (WFH) are temporary. Once the COVID-19
pandemic ends, cities will revert to their previous state, characterized by long-distance and long-
duration commutes primarily reliant on physical movement using automobile & public transportation.

2. Scenario 2: New Normal
® This scenario posits that the effects of cyber-physical movement such as WFH relied on advanded

digital technology will persist. Together with an increase in online shopping, cities will not fully recover to
their pre-pandemic state.

source: David Hensher, M. Beck and E. Wei (2024) “Working from home and its implications for strategic transport modelling based on the early days of the
COVID-19 pandemic”, Journal of Transport Geography. 47



< COVID 19 & Travel Mode Share Change>

Subway & urban
Rail(%) : ’

“
Gov't Subsidy (Unit:

100 million KW) 2,915 6,610 4,561 8,114 8,915

# of Death by Taxi *

Source: Seoul Metropolitan Government, 2024 Annual Statistical Report and Transport Operation & Information Service (TOPIS) statistics; Seoul Economy
(2025.05.10), ‘KRW 2.5 trillion over four years to cover deficits... Seoul’s semi-public bus operating system’; The Korea Herald (2025.05.13), ‘Seoul bus
ridership drops 19% in 10 years.”




5.1. WfH & Online Shopping

1) Significant Ridership Loss in Public Transport

Public Transport | Passenger Veh | Bike & PM | Carsharing |

Number of passengers on Weekday car traffic in the Bike sharing increased 66.8% Car sharing increased by
weekday public first week of March: year-on-year between 21% on average during the
transportation in the first down 7.2% from January February and March. week from February to March
week of March: down 34.5% Electric Kickboard sharing

from January

increased 5%p from January.

In the case of inter-regional traffic:
public transportation use decreases by four times that of

automobile traffic using highways.

Source:
https://ww
w.koti.re.k
r/main/co
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https://www.koti.re.kr/main/covid19,
https://www.koti.re.kr/main/covid19,
https://www.koti.re.kr/main/covid19,
https://www.koti.re.kr/main/covid19,

5.1. WfH & Online Shopping

10
« The sharp decreases in work- .
related trips were affected by § -10 V\\N\/\/\/‘/\/\W\/\/\ﬂ W
z -20
remote workb:2), 5 |,
2 )
o
s  62% of office workers in ER %
-50 “‘ ',‘
Korea(large firms 73%) WFH, and 0 :-54%:
71% of experienced workers want 2) Source: https://www.google.com/covid19/mobility/ e
to continue.
 76% Surge in online shopping ;‘g
(51.8% increase in food delivery?): o2 Increase
no change
decrease 64.2
1) Source: De Palma, A., S. Vosough, and F. Liao (2022) “An 17.8
overview of effects of COVID-19 on mobility and lifestyle: 6.0

3) Source: https://www.appminder.co.kr/reportList.html


https://www.google.com/covid19/mobility/

5.1. WfH & Online Shopping

3) Increase of Digital Nomad

; 16% of companies
| worldwide are fully remote 3

Digital Nomad: Increasing number of people living and
working remotely in various environments with
communication access rather than in workplaces due to
the acceleration of DX and lifestyle changes caused by
COVID-19Y

1) Source: Federico Caprotti et.al.(2022) “Beyond the smart city: a typology of platform urbanism,
Urban Transformations, Vol.4, No.4.
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5.2. Virtual Mobility

1) Metaverse City

® Definition: Persistent virtual world
s where people can interact via
avatars, enabling social, professio
nal, and entertainment experience
s without being co-located.

® Reducing Business Travel: As virt
ual interactions become more life
like with VR/AR, organizations
may conduct more meetings and
conferences online.

® The Vision: Futurists predict that b

y the 2030s, intercity business tra An overhead view of Genesis City, Activities drive a long term

vel could be largely limited to the "capital" of Decentraland. land value.
essential trips, with companies usi

ng high-fidelity virtual presence
for most interactions.



5.2. Virtual Mobility

2) Jobs in the Metaverse

Jobs of the Metaverse
Creators
Artists, modelers, dialog writers, | COmmunlty
mocap, character designers, | Evangelists, marketers, customer
composers, videographers, Make | support, curators, influencers,
fashion designers assets moderotors advisors
Artracl,
Engage,
Help
Real-time.
content
Performers Worlds and Builders
o . Experiences sign, Game designers,
Actors, musiclans, guides, o,ga,,,,e worldbuilders, producers,

streamers, vtubers,
teachers, leaders, coaches

experiences| impresarios, curriculum
Connect designers, storytellers,
physical generative organizers

to virtual

Bridgers Participants
Cartographers, historians, digital twin Play-to-earn, DAOists
implementors, naturalists, data fo e ' SOl

: . customizers, guild (GHC
providers, analysts, public health & | Bplore feam, |\ o B ders =
safety experts, spatial mappers speculators, modders o

Source: https://medium.com/building-the-metaverse/jobs-in-the-metaverse-9395db90086

Portabl, a Belgium-based startup, and creators of the triple
screen extension for laptops, is proud to be the first startup
to hire for real full-time position jobs in the Metaverse

( .
WELCOME A

PORTABL. HO
CAN 1 HELP

Source: https://www.businesswire.com/news/home/20220615005756/en/Portabl-Proud-to- 48

Be-the-First-Startup-Ever-to-Hire-Full-Time-Real-Jobs-in-the-Metaverse



5.3. DRT

1) Ddokbus DRT service Kyeonggi Province

* By utilizing a mobile app, passengers can easily reserve their seats.

* Both Shucle's sales and operating profit have continued to increase.
- The profit margin almost reached 18% of regular bus company’s.
- The sustained growth in operating profit demonstrates its financial viability and potential for success.

* High level of customer satisfaction with the DRT service.

< S| 4% > <Us oI 4> <HS T2 Y 0|F M > < SiR} Al QM >
- i l\ . . AT : E
s e
£ k £§ 40 ,‘ " st -
43 Ocp £Suens wanre
- | | oceen : [ .
[ | o b O« |
Ol el o] | ocmee wuxe @
n | & ‘| (v
. A . § ) an
nes O’ + 5 ? et T g Q
o | ¢ S O Pl uiotoetxl Y npeue
wiy v (1] N S - e . ‘
- | - Ll vpee S
© oz = - & g rea? 28vp eRVREY o | P
A0 O - s . 7o l + s o
HUBYERRL NG B RN {mjoguraic)
0 oz mag? T AR ERIR 1+ O o &
UK BRUR an =h
S . 4c = 14!“ 4

— S s o

Shucle App: destination input — # of passenger — Info to boarding site — alighting site info

C
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5.3. DRT

2) Korea 2: DRT service in rural and CBD areas

« Hyundai Motor and Incheon city proposed a "social participation I-MOD service," a real-time demand-response public

transportation service using a van, and carried out a pilot project in Yeongjong Island, Incheon(2019).
- During the pilot project, an average of 759 people used it per day, but the success rate of rider matching remained only 6.5% .

» Varo DRT, operated in the Osong area of Cheongju, showed significant reduction in waiting time and cost reduction.
* In 2022, a self-driving DRT called "TAP!" was piloted in some sections of Cheonggyecheon in Seoul.

. . . . = I : S s
; . Mobile application-based 3= v
Bigdata Al algorithm < ;ﬁﬁ‘;&mt ‘ oy = .3 )

: oe®

- & TR -
Real-time vehicle tracking Algorithm that determines a real-time Real-time pick-up request based on a o B . %
operational information optimal routing user’s location e - .
h ik N
Vehicle ?gzg,‘;&%)g‘j:ti“ommg Algorithm for interval optimization Easy QR code payment ¥ -
WAYES hd .
oreR . .
2 5 2 x| w
v Inche o ‘ 7
Source: Incheon Metropolitan City(2020) Source : hitps:/fwww.varodrt.com/
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5.3. DRT

3) Korea 3: Diversity of DRT Services

* In Korea, large cities are based on large buses, but small and medium-sized cities adopted app-based demand

responsive e-shuttles awith diverse service functions (commuter, late night, Downtown circular)

+ According to monitoring results, the probability of technical defects or accidents was low, and the satisfaction

level higher over 22%, operating costs being lowered as much as 29% than the conventional bus services.

Return home from Downtown

Circular feeder

Commuter E-bus Commuter Seat bus Late night Call bus Circular feeder bus Cheongju Call Bus Dr. T
Location Seoul Metro Area Seoul Metro Area (since 2020) Seoul (since 2013) Seoul (since 2017) Cheongju (since 2022) many
Service area Suburb-> city center Suburban-> city center City center City center Peripheral Rural area
Service duration Morning peak Morning peak Mid-night Morning (AM 7-9) All day All day
Low demand Low demand area

Service purpose commuting Long-distance commuting ] )
area service service
Route type flexible fixed flexible fixed flexible flexible
Stop fixed fixed variable fixed Variable fixed
Reservation App-based App-based App-based App-based App-based Telephone
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Artificial Intelligence:
Autonomous Driving & Safety Technology

® Autonomous Driving

s Safety Technology



VI. Artificial Intelligence (2023~): Autonomous
Driving and Safety Technology

» Transport is entering an Al era shaped by digital-only forms to Physical Al
that interacts with the real world.

» Al is expanding from software and analytics into autonomous vehicles,
safety systems, robots, and real-world mobility operations.

» Global competition in autonomous driving is intensifying across China, the
US, Europe, Germany, the UK, Japan, and Korea.

» Korea'’s policy direction is toward Level 4 commercialization, large-scale
pilot cities, and stronger Al mobility competitiveness.



6.0. Progress of Artificial Intelligence

DIGITAL Al Since the early 2020s,
a digital innovation wave centered
on generating text, images, and
code.

PHYSICAL Al From 2025 onward,
Al takes on a physical embodiment
and directly interacts with the real
world across cities, logistics, and
mobility

AGI By 2029, combining DIGITAL
Al + PHYSICAL Al reaches human-
level intelligence.

SIGULARITY: By 2045, non-
biological intelligence (Al) reaches a
singularity where it becomes billions
of times more powerful than the

combined intelligence of all humans.

Digital Al I i A Physical Al
(Software & Data) - N (Robotics&MobiIity)

Control & Learmng /
Data & Experience
Feedback

: 2 b ‘Q <
Core Intelhgence& - _ b -f;' Real Worldlnteractlon
‘“\\\/ Aulonomous

¥ Virtual World Optimization = AVIH:Jalt s X C Fonon ) &Automatlon . Au\;or;orinous
Ssistants E 2 ehicies enicies
O / T'& /\ ,’éx' ;\Qs-
YRR L . NI :
. f‘} /,;/J\" K . T - ON l) Wy

Virtual ~— ’ Generative Art Software Control / Humanoid Smart Automated Logistics
Assistants  Algorithmic Trading Tools Sensor Data Loop Robots Prosthetics Systems

Ray Kurzweil's Vision: AGI Unifies Digitel and Physical Intelligence

Source: Ray Kurzweil, The Singularity Is Nearer: When We Merge with Al, 2024
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6.1. Autonomous Driving

1) Where is AV located?

—&— Capital Invested m=mm Deal Count

$9.95bn

Source : PitchBook, VC-backed rounds in autonomous driving tech 2018-2024, https://globalventuring.com/corporate/asia/invest-autonomous-

driving/,, NAEK, Self-Driving Committee, Toward Global Number 1 in Autonomous Vehicle, 2025.11, unpublished report


https://globalventuring.com/corporate/asia/invest-autonomous-driving/
https://globalventuring.com/corporate/asia/invest-autonomous-driving/

6.1. Autonomous Driving

2) Mobility Al: Global outlook

1200}
61000- Robotaxi 5-8B$% 40-60B$ 120-160B$% g(l;l;a:i o
=]
% 800}
3-585  15-25BS  40-60B§ same
E 600}
E 12—18B$ 45-70B$ 100-150B$ same
= [ [
Robot
200}
Service
. | | | | Robot 3-4B$ 9-12B$% 20-30B$ same
2026 2028 2030 2032 2034
Year

Source: 1) PitchBook, VC-backed rounds in autonomous driving tech 2018-2024, 2024, 2) Morgan Stanley
Research, Flying Cars: Investment Implications of Autonomous Urban Air Mobility, 2019, 3) Spherical
Insights & Consulting, Global Smart Mobility Market Size, Share, and COVID-19 Impact Analysis, 2025
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6.1. Autonomous Driving

5) Major Countries’ 2030 AV Strategies (1)

Policy name
(announcement date)

Policy objectives & strategic keywords

L4 AV Fleet Size
(current — 2030)

Major company
(apps used)

Policy type

China

« Green Vehicle Technology Roadmap
3.0(2025.10.22) « Research Report 6.0
on the Development of China’s Autom
otive Base Software in the AIDV Era (2
025.10.16)

World's largest autonomous-driving ma
rket & technology leader

Complete the AIOS ecosystem in the Al
DV era — lead global software standard
Shift from E2E focus (2024) — mass pro
duction & commercialization of VLA
Intra-city — intercity expansion

> ~3,100 (combined: Pon
y.ai, Baidu, WeRide) —
100,000 (2040: 7,000,000)

Pony.ai, Baidu,
WeRide, etc. (0
wn apps + exist
ing ride-sharing
apps)

Gov't-led strategic pro
motion (co-evolution of
private tech developme
nt and government requ
latory reform)

o AV Framework 2025 (2025.4) « Motor

Break the “patchwork” of regulations; m
ajor regulatory shift toward safety, inno

Waymo 3,067, Zoox 332
(Tesla FSD: L2) — Mass-pr

Waymo, Zoox,

Private-market-led / fe

US | \Vehicle Modernisation Act (2026.1) vation & commercialization . oduction system establis |Tesla, etc. deral regulatory innovati
+ Raise annual FMVSS exemption cap per hed on model
OEM from 2,500 to 90,000 AVs
. Re§tore EU leadership in AD and SDVs Baidu (Lyft), W
+ Build large-scale cross-border AD testb ayve (Uber). W
« Industrial Action Plan for the Furope eds including at least 3 small/medium [Current: 0 — 2030: €400 y ' | |Pan-EU platform-buildin
EU aymo (moove),

an automotive sector (2025.3)

cities (Cross-Border Testbeds)
Plan: city-based piloting program “Auto
nomous Drive Ambition Cities”

billion economic impact

Momenta (Ube
r), etc.

g model

Source: “Major Countries’ 2030 Autonomous Driving Strategies and Recommendations to Activate the DSP
System,” materials for the Korea Academy of Engineering (NAEK) 46th Future National Land Forum, 2026.02.03

2025-2026 KSP with Serbia
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6.1. Autonomous Driving

5) Major Countries’ 2030 AV Strategies (2)

Policy name . — . L4 AV Flt Size| L4 AV Flt Size Major company .
Count Policy objectives & strategic keywords . . Policy type
"y (announcement date) y ob) 9 y (current) (2030) (ride-hailing app) y typ
|+ Establish autonomous driving as a core pil .
) gedera/Asz(t)c;/;o(gous Driving|  |ar of the “Hamburg-Takt” program, whic Hambura: 20 ReghUIat'on._te‘fh"f’lo
frategy (2024.09) h guarantees access to public transport wi [13MPUrg: 20-Ve 146 600 yehicles wrb|Volkswagen, MOIA, Holo |9Y armonization; co
Germany |+ Hamburg Digital Mobility Str] hin 5 mi hicle pilot (plann an ride-pooling) n, etc. (hvv switch) llaboration among fe
ateqy & ALIKE Project (2024.| ~ thin 3 minutes ed for 2026) pooing, . etc. deral-local governm
04.09) + After success in Hamburg, expand to Berli ent-private sector
n, Munich, and Cologne
* Become the world’s leading country for a
utonomous-driving innovation and regu |Commercial servi Requlation-first i
UK *  Automated Vehicles Act 202 lation ce planned to st |(2035) £42.0 billion Wawve Oxa Wavmo., etc V:g:: ":21;;;50 '2::
4(2024.05) * Introduce ASDE (Authorised Self-Driving |art in 2026 (fax; [economic impact yve, xa, Taymo, et ess 9 P
Entity) and NUiIC (No-User-in-Charge) O |shuttle, etc)
perator
Provide autonomous-driving services at 5
*  ROAD to the L4 (2021.09 . :
- Mobility DX(202(4.05) / /i/lob 0+ sites by 2025 / 100+ sites by 2027 (f
ility DX International Cooper alled) Government-local g
ation + Secure 30% global market share for Japa Nationwide target: |TIER IV; Toyota-Waymo; |overnment subsidy-
Japan [ Mobility DX 2025 Upgrade ( n-made SDV vehicles (with AD function |11 vehicles 10,000 vehicles in |Japan Taxi-Waymo; driven cooperation; i
2025.06.09) s) by 2030 or 2035 - 2030: ~11-12 milli operation Nissan-Wayve, etc. nternational collabor
: I’;";’,5325()5?’723;0)7?‘2’72/’,”; on / 2035: ~17-19 million vehicles ation
olicy — abinet |, : : -
decision: 2026.01.23) Evolve transport services using digital and
emerging technologies

Source: “Major Countries’ 2030 Autonomous Driving Strategies and Recommendations to Activate the DSP
System,” materials for the Korea Academy of Engineering (NAEK) 46th Future National Land Forum, 2026.02.03

2025-2026 KSP with Serbia
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6.2. Autonomous Driving in Korea

1) Korean Autonomous Driving Stragety

veness of Autonomous
Vehicles (2025.11.26)

Support E2E Al autonomous-driving R&D
Secure/support dedicated GPUs for AVs (from 2026~), build an Al training center (2
029), and establish an AV production/supply chain

(including R&D veh)

. AV .
Policy name (announc . Lo . . AV fleet size
Policy objectives & strategic keywords fleet size
ement date) (2030)
(current)
» Commercialize Level-4 (Lv.4) autonomous vehicles by 2027
Measures to Enhancet |+ Become one of the world’s top 3 autonomous-driving powers by 2030
he Industrial Competiti |+ Citywide-scale demonstrations 132 1000+

M.AX Alliance (launched
2025.09.10)

Supply an SDV platform by 2028 « Mass-produce E2E autonomous driving by
2030

2026 Autonomous-Drivi
ng Pilot City Developm
ent Program (2026.01)

Develop E2E Al-based L4 AV — Up to 3 companies, 200 vehicles to be built and
operated (allocated differentially based on company capability) — (2026) up to KR
W 55.8 billion

2030 Mobility Innovatio
n Growth Roadmap (Dr
aft) (planned announcem
ent: early 2026)

Full-scale City-wide demonstrations: establish pilot cities (from 2026~

Expand Al infrastructure and advance technology: national Al mobility pilot ci
ty, data integration platform

R&D support: public-service pilot city, cross-ministerial R&D

Rationalize AV regulations

Build legal system to activate AV services: — institutionalize service business —
prepare special provisions under the Passenger Transport Act and Freight Trans
port Act, etc.

Source: “Major Countries’ 2030 Autonomous Driving Strategies and Recommendations to Activate the DSP
System,” materials for the Korea Academy of Engineering (NAEK) 46th Future National Land Forum, 2026.02.03
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6.2. Autonomous Driving in Korea

2) Korean Autonomous Driving Pilot Cases

Service Vehicle

—

.,'\_____"_

——

x| Seoul CBD Daegu Jeju Seoul CBD
Service i Passenger Vehicle : Passenger Vehicle
Tioe Zone-based (Free or Paid) Public DRT (Free)
Platform kakaoT EINEMOride EINEMOride kakaoT
oew & kakaoT aZ=z G RideFlux | @ HYUNDAI
- W R

LT | e

Service Area

Operating Record

Total Call: 11,209
Completed Trips 7,218
(at’26.01.27)

(Free)

Total Cals 668
Completed Trips 629
(Paid)

Total Calls 560
Completed Trips 518

Monthly Ave. Calls 257
Cumulative PXs 3,269

Total Calls 460
Daily Ave. Usage 5.9 cases
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6.2. Autonomous Driving in Korea

3) Tesla FSD in Korea?

2025-2026 KSP with Serbia 61




6.3. Autonomous Driving & Safety Technology

1) Two Types of Autonomous Driving

OEM (ex: Tesla) Startup (ex: Waymo)

Robot Taxi

Passenger Car Middle mile

UiC (L1, L2, L3) NUIC (L4, L5)

Supervisory Driverless

Source 1) : NAEK, Self-Driving Committee, Toward Global Number 1 in Autonomous
Vehicle, 2025.11, unpublished report,. 2) Automated Vehicle Act, 2024, UK. 62



6.3. Autonomous Driving & Safety Technology

2) Safety Tech: Waymo & Tesla far better than Human

*Waymo: Discloses incidents
collectively, including minor
Accident Accident rate contact crashes and cases where

Interval (mile) | per 1 mil. mile Waymo is the victim. Waymo's
urban driving stability is generally

rated very highly compared to
Tesla (Autopilot) 6.36 mil. mile 0.16 Mainly HWY Tesla.

Tesla (FSD Supervised) | 5.0 mil. mile 0.20 Urban Area *Tesla: Tends to report mainly
crashes that occur right after

airbag deployment or system
disengagement.

Waymo (Rider-Only) - 0.74 100% CBD

*Humans: In severe crashes
(e.g., those involving airbag
deployment), both companies are
statistically safer than human
drivers.

Human Driver 0.7 mil. mile 7.91 USA Ave. (NHTSA)

"Source: 1) Tesla 2025 Q3 Safety Report, 2) Waymo, 2025 Sep. Safety Impact
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6.3. Autonomous Driving & Safety Technology

2) UICs vs NUICs:

Reported Autonomous Vehicle Incidents to NHTSA
(June 2021 - June 2024)

2500
2146
«» 2000
-~
=
D
=
§ 1500
k=
Z 1000
E
= 415
e
(o]
Tesla, Inc. (ADAS) Waymo LLC (ADS) General Motors, LLC Cruise LLC (ADS)

(Both)
Company and System Type

Source: Craft Law Firm analysis of NHTSA data (June 2021 - June 2024). Data includes both ADS and ADAS vehicles. Tesla vehicles were
involved in 53.9% of total reported incidents.

Tesla’ accident rate is 15.3 times higher than Waymo's.
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6.3. Autonomous Driving & Safety Technology

3) Waymo NUICs are

Waymo Accident Types (Estimated Relative Frequency) Crash rates vary by local

road environment

San Francisco: Waymo 0.88 vs Humans
Rear-ended while stopped _Very High 7.91 (about 8.9x safer)
Los Angeles: Waymo 0.90 vs Humans
2.39 (about 2.6x safer)
Intersection collision (other driver at fault) _ High

Injury crash rates differ from
Saftwana:afror -L°W human drivers, but longer

driving distance doesn’t
System failure in unexpected situation - Low automatica"y reduce crash

rates:

Low Medium High Very High +5.67 million miles: 0.74 (Waymo) vs 3.97
. (Humans) — 81% lower

Relative Frequency +7.10 million miles: 0.41 (Waymo) vs 2.78
(Humans) — 85% lower

Source: 1) Waymo, “Waymo Official Safety Impact Report”, 2025,
2) Waymo, “Comparison of Waymo Rider-Only crash rates (56.7M
miles), 2024, 3) Waymo, "Comparison of Waymo Rider-Only
crash data(7.1M miles), 2024, , 4) Craft Law Firm analysis of
NHTSA data (June 2021 - June 2024)
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6.3. Autonomous Driving & Safety Technology

4) Cases leading to

@
@
®

TROLLEY CASE,
EDGE CASE

SUDDEN
INCIDENCE

A legal operational
entity is needed to

address a small
number of
exceptional long-tail
scenarios,

provide first-line
compensation when
accidents occur, and

conduct data
forensics to
determine root
cause and liability

§ @ium =0Gs

’!"1 Lt ] ]

/ W

- = e

<SF Power outage & Waymo stuck in traffic>
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Onward:
From Technology to Operation




VIl. Onward (2026~): From Technology to Operation

= The next challenge is no longer technology alone, but operation,
deployment, and integration.

* In the era of driverless mobility, "Driving Service Providers" who
manage legal liability and real-time operations will play a crucial role.

= Evolution will move toward an integrated ecosystem where
manufacturers, telecommunications companies, infrastructure providers,
and insurers collaborate to operate intelligent mobility systems.

= Korean transport policy is therefore moving from building
infrastructure, to managing mobility, to operating intelligent
systems.



6.0. Types of Mobility Physical Al

ROBOTAX! On-demand
autonomous passenger service in
urban areas

AUTONOMOUS SHUTTLES/BUSES
Route-based and DRT-based public
transport services

AUTONOMOUS TRUCKS Middle-
mile and long-haul freight

DELIVERY ROBOTS AMR: Last-
mile delivery and internal logistics
movement within facilities

DRONES - UAM 3D (aerial) mobilit

AUTONOMOUS SHIPS: Unmanned
vessel operations on rivers and at
sea

SMART PARKING - AVP:
Automated valet parking, charging,
and maintenance services



7.0. From Technology to Operation

1) NVIDIA Alphamayo in 2026 CES:




7.0. From Technology to Operation

Central Command & Foundation Al Layer
Data Pipelines

> NVIDIA Cosmos Foundation Model
NVIDIA OSMO _ Resource Management (Universal Physical Al)

(Command Center &

Orchestration Hub) corc - s
Training Workflows Foundation Training .
9 (Vehicle & City Data) Model Deployment Services
T
Data Ingestion Processed Model Updates / Data Ingestion Model Updates /
(Edge Cases, Sensor Logs) Data Deployment (Edge Cases, Sensor Logs) Deployment

Application & Edge Al Layer

(Cosmos-derived VLA) (opn SIcopon: Wi 3
NVIDIA Metropolis Platform Physical Al |—$“’““"°°°"’ e VLA Coloen
i i i Open Dataset s .
(C’ty Perceptlon & Anal)’“cs) i VX7 mm,&s:‘,,:.,a:,: data) Localization (Driving Decision & Control) Control
Infrastructure e e
Deployed Models Data Sharing o : : SRR
e E— -
3 . . Middleware & NVIDIA DriveWorks SDK AlpaSi
T':[f]ﬁa?y'; IIOSw PEdheﬂf)t[:‘Ifgﬂ?]angty Smanclg:‘?:glec"on Framework Layer l (Senser Frocess:rn:;efus?oﬂ.sta\mm'\) (Open Source Srr&ilu:g‘n Framework)
i e Foundation NVIDIA Drive0S 7 CUDA & TensorRT
T Raw Sensor Data Software [_ayer | (RTOS, Myper:st: Salely) (Al Ao\:dermmennl.s:g;nes) CuDNN
City Edge Roadside Sensors SerIcrs i
Infrastructure (CCTV, Smart Cameras, Infrastructure LiDAR, loT) mﬁ%‘fgﬁk’?’?{m) (Camecs, oAS, : m&gﬂﬁ‘ ThOTSOC e | Vebicleinterface 1
Infrastructure Layer (Metropolis - "Eyes of the City") Vehicle Layer (DRIVE Thor - Autonomous Edge)
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7.1. Operator for AV Deployment

1) UK Automated Vehicle Act (2024. 5)

NUIC VS UIC

No user (system) in charge user (human) in charge

Licensed NUIC Operator in Charge.

An entity that remotely supervises vehicle safety, responds to system errors or failures, and assumes legal
liability in the event of an accident

Source 1) : NAEK, Self-Driving Committee, Toward Global Number 1 in Autonomous
Vehicle, 2025.11, unpublished report, 2) Automated Vehicle Act, 2024, UK.




7.1. Operator for AV Deployment

2) What is the Operator?

Current end-to-end (E2E) Al models face an “explainability” problem: when an
accident occurs, it is difficult to immediately determine whether the root cause
was sensor malfunction, an error in the perception algorithm, or a defect in the
decision logic.

To swiftly protect victims and prevent social disruption when accidents occur
NUIC operator (NUICO) is essential as a “liability hub”™—taking primary
compensation responsibility upfront before the technical cause is fully determined,
and then seeking recourse (subrogation) from the manufacturer or telecom
operator afterward.

A DSP extends the UK’s NUIC Operator model by transitioning from public-sector
safety oversight to a for-profit business entity designed to reduce liability burdens




7.1. Operator for AV Deployment

3) Operator Types: TMC vs NUICO vs

REMOTE TRAFFIC
MANAGEMENT CENTER
(RTMC)

7S

Traffic
Flow Data

Traffic Information Hub

Congestion
Alerts
Route

Guidance

Safety Info

Digital Signage Navigation Systems

Public Service: Monitors traffic flow,
provides safety & travel info via public
displays & navigation.

NUIC OPERATOR (UK)
S L~

Remote Monitoring
(NUIC Autonomous Vehicles)

Operator

UK No-user-in-charge: Primarily
responsible for SAFETY of NUIC
autonomous driving from remote location.

DRIVING SERVICE
PROVIDER (DSP)

@. @ A-Interface @

2116 Unmanned
DSP Service Autonomous
Center Vehicle
Guidance
Remote
Control
Eco-Driving ¢
Fast Route Compensation &

Economic Services

Private Enterprise: Monitors unmanned AVs,
provides safety info & services via
A-Interface, assumes legal liability for

accidents during services, offers varied
driving options for compensation.

€ TMC (Public sector):
Manages road traffic. it
focuses on whether the
overall road network
remains uncongested and
accident-free.

€ NUIC Operator
(Individual-vehicle NUIC
safety management
Plays the role of a
“supervisor/controller.” It
monitors driverless vehicles
individually.

@ DSP (NUIC operations &
overall service
provider): Goes beyond
monitoring to act as an
active service provider.



7.1. Operator for AV Deployment

4) DSP originated from Mobile-phone Operator

< Phone Operator vs. DSP >

Smartphone Ecysetem: Tech Companies  Manufacturers ~ Mobile Operators ~ Ap Service Providars
(Qualcomm, ets.) ~ (Samsung, Apple,  (Verizon, SKT, (Alphabet, Apple, YouTube,

Huawel, ets.) KT, ets.) — Naver, Kakao, ets.
8 i () OF |

> (1) -
pe—— ’/DéP\ |

Autonomous Egydetem: Tech Companies Manufacturers App Service Providars

@ . (Kakao Mobility, Uber,
Transportation Providars,
Alphabet, ets.)

Source: - NAEK Autonomous Driving Committee, Guidebook for DSP (unpublished report), 2025.11.

. (Waymo, (Hyundai Motor,
{A]
CompanyA,  efs)
Company S, ets.)




7.2. Korean Initiative for AV Operator: DSP

1) System Architecture of DSP

A private operator that provides
"driving responsibility
services” for NUIC autonomous
driving, acting as the legally
liable entity in the event of an
accident and closing the
accountability gap created by the
absence of a human driver.

Operates a DOC (DSP
Operation Center) that monitors
and manages individual vehicles
in real time, 24/7.

When a vehicle requests
assistance, it ensures safety
through remote information
support, guidance, and control
services, and also provides
various optional services (e.g.,
Comfort, Fast, etc.).

=

Integrated Management
(Cybersecurity, OTA, Data
Storage, SLA Quality Control)

| DSP

> (Private Operator)
- Driving Liability Service Provider

Request for Help in Risk/Indecision 1

>
ﬂ?ﬂ =
_ A-Interface EE | 5=
Request Various

Remote Info, Guidance, Option Services

Unmanned Control -> Safety Assurance DOC - User
Autonomous Vehicle (Driving Operation Center) (isexkonvenicnce)
T - Real-time Monitoring

Legal Liability & Post-Accident Management

Legal Liability Subject (Resolving Driver Absence Liability Gap)
Data Analysis & Post-processing Responsible

Source: ) : NAEK, Self-Driving Committee, Toward Global Number 1 in Autonomous
Vehicle, 2025.11, unpublished report




7.2. Korean Initiative for AV Operator: DSP

1) System Architecture of DSP

NUIC Mobility Operation Center(DOC)

E T—

B s

Ve = ‘
. “A” Interface
M

& ¢ Real-time Sensor Data =»

‘Q <= Real-time Veh Monitor =»>

4 Driving Assist Request %

Terminal Al
& Response
In-vehicle Al (Terminal Al): Real-time perception, Cloud Al: Risk prediction and optimization by integrating
decision-making, and control using sensor data multi-vehicle, road, signal, and weather data

Source : NAEK Autonomous Driving Committee, Guidebook for DSP (unpublished report), 2025.11.. 77




7.2. Korean Initiative for AV Operator: DSP

2) System Architecture of DSP(AV Operator): Vehicle

NVIDIA ALPHAMAYO

an distracted,
slowing down

! Path chosen due to l
| physics simulation |

HD Map & Vision-Only Digital Twin &
Sensor Fusion Neural Net Explainable Al

Experts in Geo-fenced Area World Model based Intuitive Driver Leveraging COSMOS Al trained on physical
laws in a virtual environment (Omniverse).:
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7.2. Korean Initiative for AV Operator: DSP

3) System Architecture of DSP: A-Interface

For DSPs, a standardized (documented and open) “A-Interface” is essential to clearly establish
liability when an NUICO AV accident occurs and to pursue recourse (subrogation) claims

A-Interface Technical Architecture

A-Interface (Standard Specification)

Vehicle <« DSP Data Interface

i a Perception a Localization a Plannin Cybersecurit G Remote
Vehu_cle Shats & Environment & Map & Control YRR OTA Operation
g h:gztilr?gr;(Pose: Xl - gbielctt R(\e,cggr;iti?n * HD Map Changes % RNlaar;{%%?n':g)me * R155 Event Logs Intel’fahc e
. i “«> R SIS <«—»{ * Localization Quality |«—» i > « Software Version <«»| * Remote Authorize
§{’§§r‘;’ ;{gAchmzlleeratlon / ) Eedest;an(sj/?bstac[es) Indicators (Position & 5{"4'" RM°"$ Info OTA Update Statu/s « Remote Intervention
« Power/Battery Status s Sjalinsura"on ErrotEstmotion) ADpral Neaddel aic | « Security Alert / * Remote Emergancy
« Fault & Diagnostic Indicators (SNR, > ENSS /t}IZXlB?sed « Risk Events (Pedestrian Intrusion Detection Stop (R-E Stop)
Codes Confidence Level) orrection info Intrusion, Lane Loss, etc.)

1 1 1 1 1 )

DSP / DOC Backend System
(Fleet Management, Safety Management, Security, Record Keaping, SLA Operations)




7.2. Korean Initiative for AV Operator: DSP

4) System Architecture of DSP: DSP Operation Center(DOC)

@® Communications &
Network Infrastructure
sLow latency, high reliability,
long-duration/extended-
operations support
@ Integrated Operations
Platform (Fleet & Mission
Control)
*HD map-based visualization of
all vehicles, dispatch algorithms,
route optimization, demand
forecasting
® Remote Support / Remote
Control HMI & Console
*Integrated vehicle
telemetry/feeds, remote
operators, dual confirmation to
prevent operational errors
@ Data & Al Infrastructure
*Data lake/warehouse, Al-based
anomaly detection models,
algorithm improvement

pipeline (MLOps)

DSP Operation Center (DOC) - Fleet & Mission Control

——

1n!n day
ettty S
vimrr‘l,qm_‘

Monitorng/info

Acinterface
Data Flow

Safety & Security

Standards Compliance
*Vehicle/system functional
safety, international
cybersecurity standards,

High Availability &
Resilience
*Redundancy for
servers/storage/network/po
wer, disaster recovery &
cloud backup, failure
simulation drills
Organization &
Workforce
*Operations staff (service
operations management,
remote support operators,
security, data analytics, etc.),
qualification assessment &
training, SOPs




7.2. Korean Initiative for AV Operator: DSP

5) System Architecture of DSP: Communication Network

To control thousands of
vehicles with ultra-low
latency (within 1 ms), a
high-reliability
dedicated comm.
network, separated from

smartphone networks, is | .
. DSP Operation Center
required. 5 = e

Phased scaling plan:

> Phase 1: Add a DOC-
dedicated slice
option on
smartphone/mobile
network

> Phase 2-1: Secure a
dedicated
automotive network

> Phase 2-2: Install
roadside sensors and
integrate/fuse the

information Source: NAEK Autonomous Driving Committee, Guidebook for DSP (unpublished
report), 2025.11.




7.2. Korean Initiative for Operator: DSP

6) Functions of DSP(AV Operator)

Driving responsibility, cause investigation in case of
accident, guidance/control upon vehicle request

Schedule
Optimization

Demand
Forecssting

Autonomous vehicle schedule and
demand management service

/) Realtimo Bt =

TECH
/—‘ TECH COMPANY A

= Monitoring

@ Safety
Management

. Em €D
/ i TECH COMPANY A SUPPORT HUB

@ Acddent Cause 3 ~ z Pl +
=S Investigation > c s |
: —

DSP
COMMANDCENTER

Various unmanned vehicle local optimization
remote support services

& | Yo

COMFORT ECONOMY

CUSTOMER

: DATA MGMT
SECURITY SUPPORT

8 SERVICES

Sw

Operation data management, customer support, complaint handling,

Various optional driving services like
security management, and utlization service

Comfort, Economy, Fast driving, etc.

Source: NAEK Autonomous Driving Committee, Guidebook for DSP (unpublished report), 2025.11.



7.2. Korean Initiative for Operator: DSP

7) DSP Eco-System

S DSP (Driving Service Provider)
= -~
Automotive OEM & u@:‘ 8 ‘l l/\l‘;bﬁ - ( S &) . \‘ :

Autoromous Driving 7y ;‘;_//". &%‘
Tech Companies {@ Vv \"<l]
R s,

Telecommunication Companies
(including dedicated automotive network providers)

> ONGII —
| <

- \-“;' e ’.v' <
Governmenl/Local Authorities, InsuranceiSecurity/Certification
Public insttutions Agencies




< Roles of Stakeholders in the DSP Ecosystem >

DSP

= Single accountable point for operations and responsibility
across monitoring, guidance, and control

» Operates the Operation Center (data, security, SLA / Service
Level Agreement)

Automotive OEMs & Autonomous Driving
Technology Companies

= Vehicle platform, driving Al, safety architecture, A-Interface
standards compliance

= Vehicle diagnostics, component life prediction, OTA
management

Infrastructure Providers (Smart City, Cloud, etc.)

» Provide integrated sensing, HD maps, edge computing (e.g., LG
CNS, SK C&C)

= Operation Center:data storage and Al model training (e.g.,
Naver Cloud, AWS)

84

Telecom Operators (Including Dedicated Networks)

» Provide 5G/6G ultra-low latency / high-reliability wireless (URLLC)
infrastructure for remote operation and video

= Network slicing, secure links (ex.: KT, SKT, LGU+)

App / Transport Service Providers (Robotaxi, Delivery, etc.)
= Robotaxi dispatch/call, payment, customer touchpoints
= Driving control and service integration via DSP APIs

(ex: Kakao-Mobility, T-MAP Mobility)

Central/Local Government & Public Agencies

= DSP certification schemes, permits/approvals, provide/integrate access
to public data

Insurance / Security / Certification Bodies

» Integrated AV insurance, cybersecurity monitoring, interface
standardization (ex: Samsung Insurance, SK-Shielders)



7.3. DSP Business Model: B2B BM

Parking RoboTaxi

™ e

Valet parking /

charging services RobotTaxi
Integrated DSP
/ \
NUIC Shuttle NUIC Bus
Middle-mile Trucks on Robobus

expressways/highways




7.3. DSP Business Model: B2B+B2G BM

. B2B+B2G DSP: Autonomous MaaS by AMOS

SLA Performance
Measurement
Data Disclosure

All Driving
Data Sharing

Transport Admin Transition: Route/License - Performance/Sofety

Decision on SLA
Participation

B2G Contract
‘ (SLA: Service Level Agreement)

DSP-IMS

Agentic Al
< Integraton/Sextiement/Audit
a5 Closed-loop Process

' B2B Service Contract
>
Auionomous Bus Robotaxi  Aulonomous Shuttle
Autonomous Public Transport Operators

Incentive] ™

Penalty Provision

City will shift its public

transport operating model—
from route/license-based to
performance/safety-based.

The City signs a SLA with a
DSP-IMS, and it adds an
AMOS execution module
to its OC.

Passenger carriers decide
whether to join the SLA
scheme.

If they participate, the
autonomous-operation
data measuring SLA
performance is shared with
the City via AMOS.
Passenger carriers receive
City-incentives through
the DSP.

AMOS, DSP-IMS's Agentic
Al, executes operations,
settlement/reconciliation,
and audits in a closed loop.
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Final Takeaway: From Infrastructure to Managing Mobility to Operating AV

® Korean transport policy has evolved from infrastructure-led economic growth to green,
digital, and Al-enabled mobility transformation.

® |ts early success was built on timely national investment in expressways, railways,
airports, ports, and urban transit, supported by stable financing mechanisms such as the
Transport Infrastructure Special Account.

® As congestion, environmental pressure, and urban complexity increased, policy shifted
toward TDM, public transport reform, traffic calming, integrated fares, and intermodal
mobility.

® Covid-19 accelerated structural change through work from home, online shopping,
virtual mobility, and demand-responsive transport, reshaping both passenger travel
and urban logistics.

® The next phase will be defined by the convergence of Digital Al and Physical Al, moving
Korean transport policy from technology adoption to intelligent operation through
autonomous driving, safety technology, robotics, and user-centered mobility systems.
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Thank You.
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