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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Background

 Safety problems of AV

— Autonomous vehicle accidents

2016 2018
Tesla
Tesla Uber
Google (23 March) 18 March
(14 February) (7 May) A fatal accident ( arch)

The first recorded case

of a pedestrian fatality

involving autonomous
vehicle

The first fatal crash
while using autopilot
mode

The first incident of an
autonomous vehicle

involving a Tesla Model
X crashed into a
roadside barrier
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(Image source: MailOnline)

Causal Factor:

Decision error

Misjudgment

(Image source: National Transportation
Safety Board, NTSB Accident Report,
HAR-17/02, 2017)

Causal Factor:
Sensor error

Recognition Error

(Image source: National Transportation
Safety Board, NTSB Preliminary Report,
HWY18FHO011, 2018)

Causal Factor:
Sensor error

Recognition Error

(Image source: ABC 15)

Causal Factor:
Sensor error

Recognition Error
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Background

« Connectivity problem of AV

— Integration of autonomous vehicle into CV and Digital Infrastructure(CAV)

Level 1 Level 2 Level 3 Level 4 Level 5
Automation
Automated Vehicle -
©) O N\
Connectivity
Connected Vehicle &\\\ﬁ Connected and Automated Driving (CAD) system
@© @
Digital ITS —> C-ITS (V2V + V2I) —> C-ITS (V2E)
Infrastructure HD map, DGPS, WAVE/DSRC+LTE/5G/C-V2X, etc
Advanced
ITS Level 1 Level 2 Level 3 + Level 4 Level 5
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Background

 Early deployment of AV

— Preparing for commercialization of automated driving-based public transport in urban areas

— Automation roadmaps for the EU and USA

[ Loval Established 2015 | 2016 | 2017 | 2018 | 2018 | 2020 | 2022 | 2024 | 2026 | 2028 | 2090 | Work I'Y
; O Automation Policy Review o---0 Automation Policy 9 0 Secrity & Customer (
H Implementation : o Acceptanca Implications
. Standards Assessment
Jransit Applications of Lght. O Business Case . )W.
g b 0 C& Commecial Vehicle Tech e
§ 1 CMarket Analysis for Buses . C Accessibilty Analysis . O Transition Gosts & ‘
= & Supparting Systems Planning for Deployment
@ O |Jser Acceptance Study & Human Factors Research . S Stakeholder Guidance Updates ‘
s L
32 O Labor Impacts Assessment Labor Impacts Evaluation 4
J |
Hazard & Safety Anelysis OM‘
§ 4 O — o Patterns & Users
Eg 5;
i O Demonstration . (L Demonsatration 5: Automated Bus Rapid Transit g
= ; Evaluation Guidance ’ .
= ) D4A: Automated ADA Paratransit 4
i OME. Demonstration 4: /4 D4B: Auometed FistLast Mig M
2 equramen Mobiity on Demand D40 On-Demend Shered Rids
!1 L = 2l = =
| B
Automation Consortium
Solciation O Demonsiration 3: Mainténance, Yard, & Parking .
: =] Opergtions
& ; fé H O Demonstration 2: Automaied Shuttles
e 31 e
Vil B3 |
g O Demonstration 1: Automated ADAS 'y
9 : . .
<ERTRAC’s automation deployment plan> <FTA’s transit automation research roadmap>
(Image source: ERTRAC, Automated Driving Roadmap, 2015) (Image source: FTA, Strategic Transit Automation Research Plan Roadmap, 2017)
"P (C) Dr. Kyeong-Pyo KANG, Japan Transport and Tourism Research Institute, 2019 5

Q) =252 wain ot IERBSTS

=AY YRTER

SK Telecom



Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Background

 Limitations — Current System (As-Is)

B

| Bus stop
4' congestion
’ = """ -

Pedestrian- B ‘ /
vehicle collision N / B a7

Tmbalances between Y} hammllp2cc1dents
supply and demand Z
1n bus service

Increase in bus [P
crowdedness P

W[ Traffic congestion
due to inefficient
signal system

— Leading to low safety caused by conflicts between pedestrians/passengers and buses in urban areas
— Resulting in low operational efficiency during morning or evening peak hours
— Showing less proactive response to emergency situations
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Background

Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Limitations — Current System (As-I1s)

— Unbalance of demand and supply of Taxi service in Seoul metropolitan area

<source: Kakao mobility>
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<Source: Seoul citu>

— Taxi service vs, Public transport(Transit)service
— How to replace or support the role of Taxi service by Transit?
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Background

« Safety & Operational Efficiceny — Future System (To-be)

v'Safety Support Service
near a Bus Station

v Traffic Management
and Control Service

e ' ) d v'Real-time Demand
riving Service near a L= . . _
S OSIRCRE > { Responsive Service

Signalized Intersection

i | //
L
— Providing safer driving and passenger boarding/alighting environments
— Allowing more dynamic and flexible bus operation during peak and non-peak periods
— Showing more proactive response to risky situations
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] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Overview

 Goals

— Developing a systematic framework on intelligent public transport system,
Including shuttle bus and transit bus, based on commercial vehicle-based CAD
technology

— Proposing novel CAD-based public transport services in terms of safety and
efficiency

— Incorporating the CAPTAIN services into public transportation system and
evaluating the performances of the proposed services in terms of safety and
efficiency

— Considering an advanced operational environment for CAD-based public
transport service based on hybrid V2X communications, such as WAVE/DSRC
and LTE/5G/C-V2X

i;, (C) Dr. Kyeong-Pyo KANG, Japan Transport and Tourism Research Institute, 2019
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] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Overview

« Organization

Ministry Of Land, Infrastructure and Transport(MOLIT)

MOLIT
g et et e /Korea Agency for Infrastructure
technology Advancement(KAIA)

The KOrea Transport Institute(KOT]) \_ CAA )

oy IRATAT

Sub-project 1 Sub-project 2 Sub-project 3

(SNU, Hyundai, etc) (SKT, KOTI, etc) (KOTI, Infobank, etc)

— Sub-project 1: Developing an innovative technology for CAD-based bus platform

— Sub-project 2: Providing an intelligent traffic control center system integrated with digital
infrastructure for CAD-based bus transit service

— Sub-project 3: Developing an advanced technology for operational test and evaluation of CAD-based
bus transit service

(C) Dr. Kyeong-PyoKANG, Japan Transport and Tourism Research Institute, 2019 10
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] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Overview

* Periods & Budget

— Period: 27 April, 2018 ~ Year 1 electing ity site and dovelon .
31 December, 2021 2018 electing study site and developing core technology

— Budget: 30,407,884 (USD)
v Retrofitting & demonstrating CAD- o
car 2 based shuttle bus and system version b
— Consortium: 15 participants 2019 y 2 CAD-based shuttle buses

1.0
(Universities, Institutes, Car OEM,
Mobile company, etc.)

Year 3 C/ig[tlt;]g UCE) SfJ][uS?l/ S(Igtce{ devilgpmg g 2 CAD-based shuttle buses
2020 -pased snuttie ransit bus an = =

demonstrating system version 2.0 2 CAD-based transit buses

Providing CAD-based public transit b Em
Year 4 ; L. Y
2021 service and evaluating its Db
performance at the study site T
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Methodology

e Sub-project 1
- Developing an innovative technology for CAD-based bus platform

Sensors Autonomous Driving Algorithm Infrastructure
GPS @ Perception Localization HD Map CQ}
- NI 3
Lidar

Planning | Control (@)
- 7\ J C-IPTS
=

HW & SW Platform for Autonomous Driving

Va2Xx Q
e

‘L Driving/Steering/Braking
Control Interfaces

AN A &-r a .@ (Q TrafficConEEer

Buses with Control Interfaces

<System architecture of CAD-based bus platform (HW & SW)>
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Methodology

« Sub-project 2
- Providing an intelligent traffic control center system integrated with digital infrastructure
for CAD-based bus transit service

Conventional System / Traffic Management & Control System\
BIS /ITS /Infrastructure - Pr—
. BIS /ITS Center '::t:s"a“d Image
- - Historical Traffic Info.
‘ - <+-»Lte :salzilli’:;c’l.nfo - Real-time Evaluation
Bus /CV = { - Real-time Bus R gz:';‘; & Infrastructure
e Location Info. :
' ‘ : -15 C-ITS Service
|y e b et %
3 1 )

i o - Speed &Flow Info. /~ Reliability Evaluation System
1 -etc
. Infrastructure . .
1 - Punctuality & Regularity
! - ~+ Analysis
! ) V2X Server . s Dnvm_g Pattgrn Analysis
' /" Automated Bus g - Transit Service
' ( Automated Bus 11 I Reliability Evaluation
| > -etc
1 o ra—— .
1

& >

/ Failure Prediction System \

\__ CAV/OBU
o BE| | /meesaytifioleosilig\ ] e - Maintenance and Failure
v © e Data
& RSU N ] > , - Statistical Analysis on
> <> « Failure, Malfunction,
o, - . .~ Breakdown, etc
2)  cats . ‘ : - Failure Prediction and
D \ Decision Making Serviy
v ¥
Convenience Service Set
r HD Map < Data Warehouse
‘ <+ v
e Big Data RDBMS < § :
(" User ) - Vehicle Position - User Info.
: “VEXInfo. . -Operationallnfo. | smton swvee || s owa soee |
Q - Vehicle Status - Map Info.
- User --» Lte HE. Info. -etc DG 3
i - i
’i Service ) & Serverfor et ‘_TA_ g /
Convenience
Service

<System architecture of the proposed traffic control center>
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Methodology

e Sub-project 3
- Developing an advanced technology for operational test and evaluation of CAD-based
bus transit service

Boarding
&
alighting info.
L
- Request for Demand Matching < _ _
Data for real-time and Optimal Bus Routing info. Real-time transit
transit service service request
request
" Real-time intra-zonal bus User request info. Optimal routing Info. Simulation-based optimal
routing candidates info. route for CAB-based Bus
o [ Module for Optimal CAD-based Publi“ transit service
- Demand responsive inter- T ns . <
zonal bus routing result ranspo ervice
. _ - Road network scenario
- Optimal time headway & Inter-zonal Bus Route DB Update
t it signal priority strat . . . Gj i
ransit signal priority strategy - Demand Responsive Inter-zonal Bus Routing Signal scenario @mulation MOdUIE.N ﬁost Effectivenes‘h
; Analysis Module
- Optimal Time Headway Calculation for Fixed- - Demand scenario y
Route Bus Service .| - AVICAV-based Public . .
- Traffic state scenario Transport Simulation simulation | - Simulation Request
Qntra-zonal Bus Routing, etc / . . result . .
Center - Incident/accident - Manual Vehicle - Simulation Result &
F . . i . . i i
- Real-time Data Acquisition - Road network and - Data for real-time CAV-based public ~ Scenario 5| Simulation fis Effectiveness
signal data transport operation Y
. s Em— - Road Network
- Non- Real-time Data Acquisition i e :
d - Historical service - Estimated demand scenario Configuration Simulation Network
Input Setup
request data Et
- ) - Etc
>/ Data Processing Module N\ \ ) \ )
- Accident data - Road Network Scenario Generation
(Non-real-time data pre-processing)
- Traffic state (detector)data
- Traffic Scenario Generation
- Demand data for manual
vehicle &Demand Scenario Generation /
- Real-time BRT operational
info./data
- Demand data for public
transport service use
<System architecture of testing & evaluating CAD-based bus transit service>
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S TS ected and Automated Public TrAnSport INnovation (CAPTAIN)
Test beds ) o

« Demonstrating and evaluating CAD-based public transport service

— The CAPTAIN project includes 10 CAD services
— The proposed services will be demonstrated in a study site located in Sejong
city, South Korea

NS J
- :
/-'Feeder line
_~ = BRT line

<Study site>
Feeder line: 8 km / BRT line: 23 km
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. ) ] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Service Applications

« CAD-based Public Transport Service Provision
— CAPTAIN Service: Safety Support Service near a Bus Station

. Predictive pedestrian-vehicle
Bus stop congestion alert o .
collision warning
/ Center \
Station

(A TTN T

I B

Precision-stopping control

v’ Providing an automatic bus v’ Providing an information on bus v’ Providing a predictive pedestrian-
stop service based on ultra- stop congestion with vehicles vehicle collision warning service
precision control for CAD- nearby the bus station using C-ITS based on capturing pedestrian
based (shuttle & transit) bus and digital infrastructure crossing intention

(C) Dr. Kyeong-Pyo KANG, Japan Transport and Tourism Research Institute, 2019 16
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. ) ] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Service Applications

« CAD-based Public Transport Service Provision
— CAPTAIN Service: Cooperative Automated Driving Service near
a Signalized Intersection

Cooperative automated vehicle control with Bidirectional communication-based cooperative
multiple signalized intersections vehicle and signal control

v Providing an optimal speed control service considering v’ Providing a transit signal priority control service and
intersection delay and signal information for multiple vehicle speed control service based on bidirectional
signalized intersections communications (V21/12V)

(C) Dr. Kyeong-Pyo KANG, Japan Transport and Tourism Research Institute, 2019 17
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. ) ] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Service Applications

« CAD-based Public Transport Service Provision
— CAPTAIN Service: Traffic Management and Control Service

Automated vehicle control in a mixed situation of manual

. . Traffic condition monitoring for automated vehicle
vehicle and automated vehicle

Center

Driver«~-Automation \_,,

Congestion
Region

(

»
c
P -

v’ Providing a CAD-based vehicle control service to help smooth v’ Providing a safe takeover service based on monitoring the
traffic flow in a mixed situation of manual vehicle and information on real-time in-vehicle sensors and roadside
automated vehicle Sensors

(C) Dr. Kyeong-PyoKANG, Japan Transport and Tourism Research Institute, 2019 18
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. ) ] Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Service Applications

« CAD-based Public Transport Service Provision
— CAPTAIN Service: Real-time Demand Responsive Service

On-demand bus routing Real-tlmfoﬂféncahn:ngisponswe Bus crowdedness prediction

<

Efficient dispatch

v Providing an optimal routing v Providing a rerouting service for v Providing a bus crowdedness
service for demand responsive real-time demand on transit service prediction service for efficient
bus service dispatching

‘! (C) Dr. Kyeong-PyoKANG, Japan Transport and Tourism Research Institute, 2019 19
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Summary

e [eatures

— Conducting a first pilot project of developing the commercial vehicle-based
Connected and Automated Driving (CAD) technology

— Incorporating the CAD-based technology into public transport service and
system

— Providing user-oriented Transit as a Services (TaaS) for public transport system
in the South Korea

— Verifying the performances of the proposed services based on field operational
tests (to be)

— Considering an advanced operational environment for CAD-based public
transport service based on hybrid V2X communications, such as WAVE and 5G

i;, (C) Dr. Kyeong-Pyo KANG, Japan Transport and Tourism Research Institute, 2019
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)
Summary

« Key Timeline

Conducting FOTs for CAD-based bu_

« Demonstrating the CAPTAIN services using the
CAD-based shuttle buses & transit buses
« Verifying the performance of the proposed system

- the study site for Demonstrating in the -

« Constructing digital infrastructure and traffic control center
» Retrofitting commercial shuttle buses & transit buses
« Demonstrating system version 2.0

_D-based shuttle bus

» Retrofitting commercial shuttle bus & transit bus
« Demonstrating system version 1.0

2019 2021
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Connected and Automated Public TrAnsport INnovation (CAPTAIN)

Q&A

Thank you
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