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1. Smart Mobility



Transportation and the Traffic Problem

® Transportation System
- Individually-owned cars
- Public transportation systems
® Traffic Problem
- Road traffic has become a huge social problem, as urbanization
and populations have increased
- Air pollutions in cities have been a social problem

- Many solutions for solving traffic problems have been applied



Smart Mobility

® A new and revolutionary way of thinking about how we get around

- one way is to try to make transportation systems be cleaner, safer,
and more efficient

- another way is to make mobility revolutions in the society such as

zero emissions, zero accidents, and zero ownerships

Source: Urban-hub.com




Smart Mobility

® The concepts of smart mobility includes a wide range of modes of
transportation
- Kick scooters, bicycles, buses, subways, taxis, autonomous vehicles,
walking, and so on

® Users have option to own or share

P

Source: iberdrola.com




Key Principles of Smart Mobility

® Flexibility
- multiple modes of transportation allow travelers to choose which
ones work best for a given circumstance
® Efficiency
- the trip gets the travelers to their destination with minimal
disruption and in as little time as possible
® [ntegration
- the full route is planned door-to-door, regardless of which modes
of transportation are used
® Clean technology
- transportation moves away from pollution-causing vehicles to zero-
emission ones
® Safety
- fatalities and injuries are reduced drastically




Smart Mobility in A City

Electrification Integration

© Electric Vehicle

©  Autonomous

© Shared Transport
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© Integrated
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Impact on Transportation System

Reduced Traffic Congestion

© Traffic congestion/road
investment will decrease due to
increased road capacity
followed by automation and
integration.

Introduction of New Services

© Various new services such as
car-sharing and automated
taxi/bus will be introduced.

Increased Mobility

‘© As driving becomes
unnecessary, productivity on
the road and mobility of the
mobility-impaired will improve.

Changes in City Structure

© City structure and land value
will change due to the
changes in transportation
behavior such as decreased
demand for parking in
residential and commercial
areas.

Reduced Traffic Accidents

‘® Number of traffic accidents will
decrease as human factors are
eliminated. (80 ~ 90% caused
by human factors)

Reduced Driving Job Industry

“© By 2040, AVs will take up
7 ~ 24 % of the driving
job industry.




Policy Issues

Roles in Land and Transport Area

© Selecting core strategy b/w
technology and transport system

© eg. :relation b/w AV and infrastructure

© Barriers to enter into new market due
to opposition from old industries
© e.g.:carpool app vs. taxi

—— -—
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Regulation Issue

© Regulations relatively stricter than
advanced countries make it difficult to
introduce innovative services.

© eg.: flight zone and time in drone

Data-Sharing Issue

©  Transport card data and cell phone

© However, the data are produce by citizens

©  Public use of data can be undermined due
to privatization and commercialization of
data such as transport pass data, base
station data.

location date cannot be used for public
purpose due to privatization
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2. New Technologies



Challenge in Automotive

® Connected, automated, and electric functions in future vehicles

“Telematics”

Infotainment, Consumer Electronics

Location, Navigation, Digital Cloud, ”c onne CtEd =

Route Guidance, Mayday, Digital Maps, Cooperative Shoft-Rariga Cor
Entertainment, Smartphone integration Vehicle-Infrastructure Integration (VII)

(Cellular, 4G, LTE, GPS, Satellite, etc. Collision Warning, Signal Pre-emption,
Platooning, CACC,

e.g., OnStar, ATX, Toll Collection, Demand Mgt.
Sync, Qualcomm, Google, (Wi-Fi, DSRC, V2V, V2I, V2X)
Apple,

e.g., CAMP, USDOT Safety Pilot

Robotic Unmanned Autonomous

{o“ -
ABS, ESC, TCS, CIB, EBA, BSD, LDW, FCW E IeCtrIc
Lane Keeping, ACC, CACC, Collision Avoidance By-Wire Control and Electric Motors
Convoys Platoons, Self-Driving Powertrain: ICE, HEV, FCEV, BEV
(Military Robotics, Radar, Lidar, Vision, Lithium-ion and Nickel-Metal Hydride
Map-based Localization) Plug-in and Inductive Charging
e.g., DARPA Challenges, TARDEC, By-Wire Steering, Throttle, Braking Actuation
NHTSA, AHS, OEM:s, Tier 1, Google Network & Bus: CAN, FlexRay, Ethernet
Radios, Sensors, GPS
“Autom at»ed” Human-Machine Interface (HMI)

Source: Steven Underwood, Automated, Connected, and Electric Vehicle Systems
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Challenge in Transport

Automation

fioat 58
9 Electrification

$°%  Mobility
% Integration

Big Data



Challenge in Infrastructure

® New infrastructure and connection

C-ITS Infrastructure
E— ransport
£+0 @ O«

EV-Grid
Network

Energy Mobility

AV Infrastructure
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Challenge in Public Transit Service from Electric Bus

® Started developing electric buses to reduce 30% of the
country’s greenhouse-gas emissions by 2020
® Funded national R&D projects to develop electric buses and recently
implemented them in three major cities
- Plug-in electric bus
- Wireless electric bus

- Battery swiping electric bus



Plug-in Electric Bus

® Tested in downtown of Seoul city
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Wireless Electric Bus

® Tested in Daejeon and Gumi cities

Powered Track
Business-competitive under-road power supply

Battery Capacity reduced to 1/3-1/5

Pickup System m

Power Inverter
Highly efficient power collection at vehicle underbody

3phass 200A
440V /60Hz 20kHz
_—

3phase

- Power Loty i ioverter
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Bus-only lane
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Battery Swapping Electric Bus

® Tested in Pohang city and has been running in Jeju
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New Mobility as a Service

Electric Bus & Automated Shuttle

— -
SNU Automated Drive &

@ ueaee

Car Sharing




3. Deployment of Smart Mobility



Direction for Smart Mobility

® Mobility Electrification
® Mobility Automation
® Mobility Integration
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Mobility Electrification

® \arious transport vehicles have been introduced

T
@9

[Upright type]  [e-Bicycle]  [e-Motorcycle] [Smart-Mobility] [EV, FCEV, Hybrid]

[Automated e-Shuttle]

+ Model (Year) : EZ10 (2015) [-RNEIELINIAE « Model (Year) : Ol (2016) 2getthere + Mode! (Year) : ParkShuttie (2005)

+ Max speed : 40km/h +  Max speed : 58km/h + Max speed : 36km/h
e

* No. of seats : 6

+ Travel distance : 3.48km/kWh

+  Travel time : -

*  No. of seats : 6 + No. of seats : 12

+ Travel distance : 80km « Travel distance : 75km
+ Travel time : 12hours + Travel time : 6hours

. * Systems: Lidar, Camera, GPS

« Model (Year) : Ama (2015) « Model (Year) : robuCITY (2014)

+ Max speed : 45km/h + Max speed : 32km/h
+ No. of seats : 11

+ Systems : Lidar, Camera, GPS + Systems : Detector

Max speed : 40km/h
* No. of seats : 6
+ Travel distance : 100km

* No. of seats : 6

« Travel distance : - « Travel distance : -

+  Travel time: -
« Systems : Lidar, Camera, GPS

« Travel time : 13hours

+ Travel time: -

| + Systems:EZ10 + Radar, Laser + Systems : Camera, Laser, GPS

4 22
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Electric vehicles

® Registered EVs
- Increased rapidly since 2016

- Because of improved EV performance, subsidy, and charging infrastructure
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40000
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Electric vehicles

® Electric Buses

- 3 types of electric buses
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New Business in EV

® Car sharing business

- Main business model proposed for EV

- Emerging mobility market in Korea
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Automated Driving System
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® Connected & Automated Driving

Vion AV for Safety Improvement & A New Growth Source

Policy for Mobility Automation

[Stepl] Partial Commercialization of Level 3 AV Technology by 2020

[Stepd] Leading the Trend toward Level 4 AV Technology by 2026

—_——

- Introduce AV Test
Driving System

+ Overhaul Existing
Institution for
Commercialization

- Build Precise Map

- Improve GPS
Accuracy

- Expand AV Road
Infrastructure

e

- Expand AV Testing
Area

- Strengthen Cyber
Security Measures

- Train Experts

- Build Long-term
R&D Strategy

- Hold Test Driving
Event and Contest

Source: Ministry of land and transportation, Autonomous Vehicle Policy of Korea, 2016.5
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Automated Driving Infrastructure

® Digitalized infrastructure for AV

Application Between City Inner City Community

C-ITS service Automated Driving Service

Cooperative Driving Service

Physical Infra Digital Infra
Infrastructure

Revolution in Infrastructure

o

Road, Traffic Physical Hardware

Information Data

Information

Logjcal Software




K-city for Mobility Automation

® K-city has been built for testing automated vehicle safety functions

Junctions and
Acceleration Lanes

Test the vehicle’s ability.
to use an acceleration lane
and to join a main lane.

P Korea Transportation Safety Authority
Building Facet r Korea Automobile Testing & Rescarch Institute
Test the impact of environmental recogniti
by exterior sides of a building

[portable, different heights

Maimune:
uﬂ!‘.u:#ubuw nighespeedidnying
TAUAS)

‘\\7 s/‘/)‘é and median barrlersl
Narrow @\__\ -

Test the recognition of a two-way B . 7 ~
undivided section (branch road) and Test a vehicle if it can recognize bus=only lanes

to traffi flict ; £ iy 3 T T [median and road side), and evaltiate the effect
responses to traffic conflicts. W $ RS TN ofbies

Bus-only lane

Bus and'Taxi Stop

"Testavehicle whether it can manage the
situation Whenblises and taxis stop and go.

Signalized Intersection

Test a vehicle whether it can recognize
intersections, crosswalks and traffic signals.
Test the vehicle in a situation when

vehicles and pedestrians collide.

School Zone

Testa vehicle how it can
manageithe collision with the
vulnerable users at a school
zone.

Road construction noise /
Roads with other conditions

Test the ability to recognize and respond
to road environments, depending road
construction and roads with different profiles.

Tree-Lined Street
Test avehicle if its
recognition of environment
is affected by street trees.

Unpaved road

Test the recognition and judgment
of road environments, depending
on unpaved road conditions.

Autonomous
Parking Facility

Test perpendicular/parallel/angle
parking ability. Evaluate the ability
to cope withcollision.

e .
I\ \
] );\\T\\, :

Bike lane / Sidewalk

Outdoor Parking Facility:

Test perpendmular/paral(e[/)ml

Evaluate autonomous-valet parking
ability.

Test the conflicts between cyclists parking ability.
(bike lane) and pedestrians [sidewalk).

.2

Asphalt / Concrete roads Roundabout f

Recognition and judgment of road Environments,
depending on the quality of the road surface.

Test a vehicle’s ability to recugnlz
a roundabout, to decide priority. among cars,
and to cope with collisions.

Tunnel
") Test the ability to recognize the
environment despite the contrast
- between light and darkness.




C-ITS Pilot Deployment

® Deployed in a road section of 18km between Sejong and Dajeon
- Tested for 15 scenarios
- 3,000 drivers

Road Types

Categories Free- N- U-
way road road
. Location-based vehicle data collection 0 0] o] O 0} O
Coﬁﬂpg:;;%zﬁfﬁc Location-based irafic imforrmation provision o o] o o] o] o
Smart tolling with multi-anes and non-stop @] @] @]
Road hazard zone driving O 8] O (@] (@]
Safe Driving Support Road surface-weather information @] @] 0O @] @]
Work zone driving O 0 O O{ 0 Vol
Intersection Driving Signal information provision 0] (0] (0]
Support Intersection collision prevention 0 0 0
Public Transp. Public transp. Management (0] (0] (0] (0] (0]
Commercial Vehices Commercial vehicle management o] o] 0
Tampocation oo School/Silver zone warning O O @]
Pedestrian collision prevention 0] 6] 0]
) Car Crash Prevention 0] 0 0 @]
Designed Tested Emergency vehicle priority o o] o 0 |vav
Services
Emergency call O @) O O
4 30



C-ITS Pilot Deployment

® 15 Services in Korea

01. Prove Data Collection 02. Location Base Traveler Information Service 03. Smart Tolling (Multi Lane Free Flow Tolling) 04.Road Hazard Waming
| \
"‘"‘""" 6 -

Location based traveler information service Multi lane free flow toll collection based on Radar detector recognizes obstacies on the
such as VMS (12V) DSRC (WAVE) road then broadcasting warning messages via RSE

05. RWIS (Road Weather Information System) 06. Work Zone Warning 07. Red Light Violation Waming 08. Right Tumn Assist
P * oy Surtce -

- =T =

Microscopic road weather & surface condition Detecting red light violation cars then Notifies a driver who is attempting to make a
information service via RSE broadcasting caution warning right turn when it is not safe to proceed

. .@ T ?‘
mmu -
&= | . oman] 1 -z,.. | 1t

Fleets monitoring system via DSRC collecting Broadcasting boardingotaighmg condition from Alerting sthool zone and advuing Warns a driver when pedestrians are
locations and violating conditions the school bus recommended speed near a crosswalk

13.FCW/EEBL 14.EV Approaching Waming 15. Emergency Waming
(4] B.. —
sn. ~ ’ r >
[+ I -
Warns a driver when the front vehicle makes hard The emergency vehicle broadcasts its conditions The broken car broadcasts its conditions to
breaking or stopping for priority prevent secondary accidents

Location based probe data collection

Broadcasting work zone warning via 12V, V2V

Source : Ministry of land and transportation, Introduction of Korean ITS




Cooperative Automated Driving Roadway System

® R&D Projects for automated driving systems

Test Bed Cooperative Automated

Vehicle

Autonomous vehicle +
Road infra recognition system

Existing road infra
ICT road Infra

Road Infra Vehicle Component

Advanced technology for
Communication with road infra

Enhancement
Road-base infra




Cooperative Automated Driving Roadway System

® V2V, V2I, V2P Wireless Communications + Intelligent Transport Systems

Car to Car Car to Infra Traffic Information
Front Traffic Information Real Time Traffic Info. Center
Approaching Alarm Unexpected Situation
Collision Warning Traffic Flow Control | %45

Unexpected Optic Network
Situation

Legend

¢ Optical Communication Network
= * Infrato Car Communication
" Car to Car Communication

4 33



Mobility Integration

“ Integrated  Mobility Service based on ICT technologies
Meobility “ On-demand, Door-to-Door Service

CONNECTED
DEMAND RESPONSIVE gg:\ﬁgSsGE LIVING MICRO
TRANSPORT AXI, BR
(T T {including car) MOBILITY | i
DYNAMIC SOLUTIONS ntermodal Transportatia
PARKING APPS, JOURNEY
PLANNING,
BIG DATA

CAR RENTAL &
LEASING ENERGY
MANAGEMENT
@ ICT Technology

e.g., wireless Comm.,
smart devices, (Big) data mining
INTRACITY i
PUBLIC TRANSPORT V="
l'v '4 3
INTERCITY \ ly
PUBLIC TRANSPORT ¥
CAR SHARING & . ‘

CAR RENTAL +
ﬁ PHYD
INSURANCE

TRAIN/FLIGHT
INTEGRATION

(Frost & Sullivan, 2016)

New Mobiliity System

e.g., e-Mobility, AV

POOLING
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Core Components

® Cooperation and integration for smart mobility

Integrated Mobility C-ITS

Parking
i

Fleet 1 Car2Car, Car2X = =
Manpagment \ —~——— -
Electric & I L
Automated Vehides _ advanced Driver
eCharging
e
Car

Intermodal Services

e

(]

——————————-ﬂ'ﬂ-—————————ﬁ

Assistance Systems

/

".

Automated Connected Diagnostics
Driving Navigation,
Infotainment

Integration Business Processes

Car Sharin
f
|

uBl \ |'
W @D

M2M Comm. loT Cloud

r
)
-

)
I

w

’-—————————————————————————5

iff@

Big Data

Source: www.enterprise-iot.org B|g Data




New Platform for Mobility

" Software as a Service

User oriented transport new business model
service and identical sophisticated performance
measures
(ex. Maas, Autonomous vehicle)

@

@ = =
Platform as a Service Data as a Service

Customized transport analysis and visualization tool Integrated real-time or pattern transport data service

service with real-time or historical pattern-based
information
(ex. Recurrent congestion)
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System Integration for New Mobility

Smart Grid

\ Estimation of Power
|
AEV Center

Estimation of Best Route
Comunit

X

Station Arrival

2
K¥a

Relay
Station
Charging
Communication
Bas Station
Base Station

Communication
Base Station

Automated Routes

Automated Road







