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Minnesota planners begin to
envision driverless future

Star Tribune
July 31, 2017

L Driverless cars can
follow each ather more
closely and travel in nar-
rower lanas,

2. Accessible autonomous
cars could give people with
disabilities more indepen-
dence.

3. Buses and trains brings
people into densely packed
areas, like downtown.

Source: MIT Senselab

http://www.startribune.com/minnesota-planners-envision-driverless-future/437404083/

4, Excess roadway could
be repurposad as wider
sidewalks or green space.
5. Parking ramps with flat
levels can be repurposed
as office or living space.
Shared-use self-driving

vehicles wait to be rented.

6. Vehicles would see and
react to traftic signals,
which could ultimately be
unnecessary,

7. Empty cars share the
roads making deliveries or
en route to pick

Up PASSENZErs,

8. Excess surface parking
lots could be converted to
housing or other uses.

9. Ease of commuting may
encourage long drives to
exirban locales.

MARK BOSWELL » Star Tribune
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Impact on
Value added GDP (2030)

. annually by 2030
1 (at 2014 prices)

- iHI A £40bn - ALK} £ 2bn 23y o
- 2t™ B0t £16bn - M|$=S7} £2bn
- AP ZEA £2bn

Jobs in automative
canes® .
AT manufacturing created

“
X The UK Economic Opportunity, March 2015 @
* 20304 Of = R Lo

- 100% HH4E|E F} %

- 75%= B3, 25%= | 4 £ 5

cutting through complexity

Serious accidents
prevented (2014-2030)

https://www.kpmg.com/BR/en/Estudos_Analises/artigosepublicacoes/Documents/Industrias/Connected-Autonomous-Vehicles-Study.pdf






2.1 EU

" EC H|A|

DG GROW

(Aheis)

DG CNECT

(BS5

C-ITS Platform ‘
Action plan for interoperable deployment of
C-ITS in Europe; relevant for road
- automation: actions on e.g. Data
protection, Cyber-security, Access to in-
vehicle data, Digital infrastructure, traffic
management, Road safety

Member 3 Common objective: )
\&i/' Accelerated deployment of
Connected and Automated
Driving
/ \
6 Public co- , | Private .

http://www.companion-project.eu/wp-content/uploads/20160914-COMPANION-Key-Note-M.Coulon.pdf

DG MOVE
(ZEF)

DG RTD
(17| §)




2.1 EU

- EC, 287l &=, LHEA tHEZL 32| & M8

“2019ENHX| C-AV(RIERHFU)S E w8 XM HEAZ|7| s "= et

The Declaration defines the following objectives :
to work towards a coherent European framework for the deployment of interoperable
connected and automated driving, which should be available, if possible, by 2019

Declaration of

Amsterdam
I. 3% (SHARED OBJECTIVES )
Cooperdtion in the IL. 9t (JOINT AGENDA)
field of connected ) )
and avtomated a. H-H| = (Coherent international, European and national rules)
driving b. H|0|E| (Use of data) c¢. Z§QIHd & (Ensure privacy and data protection)
14-15 April 2016 d. E4l (Vehicle-to-vehicle & vehicle-to-infrastructure communication)
e. HQt (Security) f. At2]™ =874 (Public awareness and acceptance)
g. ZHE8™d & (Common definitions of connected and automated driving)
h. 2 X|e= (International cooperation)
. 27} Ak (ACTION BY MEMBER STATES)

EH
=
IV. S i3t 8t (ACTION BY THE EUROPEAN COMMISSION)
V. AQIA| &8t (ACTION BY INDUSTRY)

*= X . http://english.eu2016.nl/documents/publications/2016/04/14/declaration-of-amsterdam



2.1 EU

static navigation real-time navigation
=
<
)
m U
N
© g speed advice lane guidance
s
£
- headway advice
= == = (Connected - Cooperative — Automated

full automation

high automation

conditional
automation

partial
automation

Automation of
the vehicle

driver
assistence

X Connected includes cooperative driving : C-ITS
*= X . http://english.eu2016.nl/documents/publications/2016/04/14/declaration-of-amsterdam



2.1 EU

= High Level Group GEAR 2030

> Launched in 2016 for 2 years, composed by industry, NGOs and Member States.
> Objective: support the EU cars industry to strengthen its competitiveness
> Final report delivered in October/November 2017

EATA roadmap
[ e e

= Roundtable on CAD

> High Level Roundtable involving
telecom and automotive industry

> Launched in September 2015

> European Alliance between Telecom
and Automotive industries (EATA)

step1  Enabling services for
- Highway chauffeur (L2/3)
- High density fruck platooning

sTEp2  Asstep 1
+ Valet parking

STEP3  Asstep 2
Automated driving

Pre Deployment: 20..40 km Tracks DE, FR.NL, ES, BE
- hybrid communication : LTE, ITS
G5 + LTE V, Mobile Edge A
Computing applications r{;} R ‘Y
- Network slicing - .\

- LTE Broad casting: GNSS offset,
hazards and life HD-map updates

Studies : business models
responsibilifies, safety concepts,
Quaility of service,

Security and data protection
Regulation and standardization

Pre Deployment: Cross border motorways
integration step 1 technologies / networks e
studies info series architectures At
+ 5G radio TSP
+ NB lot

+ Evaluation relative localization

Deployment Commercialisation on AD
authorized motorways

STEP 1

Importance of dialogue and partnership
with member states, C-ROADS and regions

STEP 2 ]

STEP 3 ]

2017 2018 2019

2020 2021 2022

12



2.1 EU

= Digital Day, Rome - Letter of intent (2017.3)

> LOI to intensify cooperation on testing of automated road transport in cross border test sites
> Areas of cooperation: interoperability, data access and liability, future 5G connectivity
> Lol was signed by 29 European countries (27 + Switzerland and Norway)

= European Strategy on C-ITS (2016.11)

> Making C-ITS a reality from 2019 i i Common
> C-ITS Platform (phase 2) projects

> C-Roads : Bringing together C-ITS platform
deployment initiatives to ensure interoperability

= C2C-CC and C-Roads Platform signed MoU on . -
joint deployment by 2019 (2017.6) DELEGATED |  Strategy

Legal
... for preparing the deployment of initial C-ITS services certainty

across Europe by 2019
... with hybrid communication

Deployment
Framework

Elements of EC activities in preparing C-ITS Deployment
* C2C-CC: AFEAHAL 16, HE AL 36, H717| 2 28
13



2.1 EU
» EC = 2 W S F0F R&D Roadmap, 2017.5.31

- Towards clean, competitive and connected mobility: the contribution of Transport Research and

Innovation to the Mobility package*

EN

- EUROPEAN
COMMISSION

Brussels, 3152017
SWD(2017) 223 final

COMMISSION STAFF WORKING DOCUMENT

Towards clean, competitive and connected mobiliry: the contribution of Transport
Research and Innovation to the Mobility package

EN

* Mobility package : 2017.5 ECO| A 21D &7

XMEro 2

Contents

I. Summary

II. Transport research and innovation roadmaps

. Cooperative, connected and automated transport
Transport electrification

Vehicle design and manufacturing

Low-emission alternative energy for transport
Network and traffic management systems

Smart mobility and services

N o Uk wWwiNH

Infrastructure

‘Europe on the move'2l= X2 S A28

14



2.1 EU
= EU Funded CAD Projects
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2.1 EU

= H2020 - Calls on "Automated Road Transport” 2016/17

Acti Budget
Topic Title ction (EUR Mio)
type
2016 2017
ART-02 Automation pilots for passenger cars IA
- 48ME
ART-04 Safety and end-user acceptance aspects of road RIA

automation in the transition period

Road infrastructure to support the transition to
ART-05 automation and the coexistence of conventional and RIA 13M€
automated vehicles on the same network

Coordination of activities in support of road

ART-06 automation CSA 3M4

ART-01 ICT infrastructure to enable the transition towards IA
road transport automation

ART-03 Multi-Brand platooning in real traffic conditions IA 50ME
Full-scale demonstration of urban road transport

ARTF07 automation IA

I1oT-01- Internet of Things" (ICT Workprogramme) around

2016 - Large Scale Pilots: Pilot on "Autonomous vehicles in a IA

connected environment" (IA) A2

GALILEO- | "Applications in Satellite Navigation-Galileo"
1-2017 (Space Workprogramme) IA 14,5M€
- EGNSS Transport applications (IA)

CSA = Coordination and Support Action
IA = Innovation Action; RIA = Research and Innovation Action



2.1 EU

= H2020 - Planned Large-Scale Demos

Urban systems

Truck
Platooning

Passenger cars

2017 | 2018 | 2019 | 2020 | 2021 | 2022 |2023 | 2024

2025

20%0

17
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18
=X : Guide about technologies for future C-ITS service scenarios, 2015, ERTICO - ITS Europe



2.2 O|=

= US DOT, ITS JPO

From Connected to Automated Vehicles

Connected Vehicle Gl)
Communicates with nearby

vehicles and infrastructure; Not
automated

Autonomous Vehicle

Operates in isolation from other §
vehicles using internal sensors

*=X : Kenneth Leonard, Director of ITS JPO, 22" ITS World Congress.
GPS2 : Big Data — The Real Value of Your Social Media Accounts.

19



2.2 O|=

= US DOT - CV Applications

CONNECTED VEHICLE APPLICATIONS
V2| Safety

Environment
Eco-Approach and Departure at
Signalized Intersections
Eco-Traffic Signal Timing
Eco-Traffic Signal Priority
Connected Eco-Driving
Wireless Inductive/Resonance

Mobility

Advanced Traveler Information System
Intelligent Traffic Signal System
(1-81G)

Signal Priority (transit, freight)

Mobile Accessible Pedestrian Signal
System (PED-SIG)

Red Light Violation Warning

Curve Speed Warning

Stop Sign Gap Assist

Spot Weather Impact Warning
Reduced Speed/Work Zone Warning
Pedestrian in Signalized Crosswalk

Warning (Transit) Charging Emergency Vehicle Preemption (PREEMPT)
V2V Safety Eco-Lanes Management Dynamic Speed Harmonization (SPD-
1 ' izati HARM)
Emergency Electronic Brake Lights Eco-Speed Harmonization )
(EEBL) Eco-Cooperative Adaptive Cruise = Queue Warning (Q-WARN)

Cooperative Adaptive Cruise Control

(CACC)

Incident Scene Pre-Arrival Staging

Guidance for Emergency Responders

(RESP-STG)

Incident Scene Work Zone Alerts for Drivers

and Workers (INC-ZONE)

. i . Emergency Communications and

Dyn_amlc Eco-_Rout!ng (light Evacuation (EVAC)

vehicle, transit, frelght) Connection Protection (T-CONNECT)

SRk P e o Dynamic Transit Operations (T-DISP)
Road Weather Dyr!amic Rid@haring (I:.!-RIDE) .

Freight-Specific Dynamic Travel Planning

Motorist Advisories and Warnings  and Performance

(MAW) Drayage Optimization

Enhanced MDS$ T EH—

Vehicle Data Translator (VDT) Smart Roadside

Weather Response Traffic Wireless Inspection

Information (WxTINFQ) Smart Truck Parking

Control

Eco-Traveler Information
Eco-Ramp Metering

Low Emissions Zone Management
AFV Charging / Fueling
Information

Eco-Smart Parking

Forward Collision Warning (FCW)
Intersection Movement Assist (IMA)
Left Turn Assist (LTA)

Blind Spot/Lane Change Warning
(BSWILCW)

Do Not Pass Warning (DNPW)
Vehicle Turning Right in Front of Bus
Warning (Transit)

Agency Data
Probe-based Pavement Maintenance
Probe-enabled Traffic Monitoring
Vehicle Classification-based Traffic
Studies
CV-enabled Turning Movement &
Intersection Analysis

CV-enabled Qrigin-Destination Studies
Work Zone Traveler Information

*Z=X : ITS JPO, CV Pilot Deployment Program, CV Applications.

CV Infrastructure Deployment Milestonesusbot/aasHto)

2014 2015 2016 2017 2018 2019 2020 2025 2030 2035 2040
" T T T T
FCC i | | t
Spectrum ! 1 H
Decision : { ]
i y |
NHTSA i i i
Policyand | yeavy vav : ( i
Regulation Decision X H H i
o e 2
NHTSA FHWA 4 1"cv- : [ system-wide
Light V2v Deploy. T enabled ' Active Traffic
Decision Guide : ATM ] [ mgmt
i | i i i
AASHTO . DSRC on i [ bskcon
: 1" DSRC on i
Infrastructure, Footprint slgnalso 20% of ' ={ 80+% of
Analysis J signals | { signals
R Ry
i i p
It 1" DSRCin ! i | DsRCin
- light vehicles : + " 90+% of light
(MY2020) J ! | | vehicles
Vehicles 7 ! e :
m i | - Embedded”
cellular in i ! ! cellular in
many new ! ! l most
vehicles ! ! vehicles
* Long way to go...
o
- Mobility...
.
- Environment...
- Agency Data...

AASHTO, National Connected Vehicle Field Infrastructure Footprint Analysis, Final Report.



2.2 O0|=
» =X|AFSE - US DOT - CV Pilot

= CV Pilot Program Goals

Spur Early CV Tech Deployment Measure Deployment Beneﬁs Resolve Deployment Issues Connected Vehicle Applications WAVE - 1
s e g Mobility

Wl Eco-Approach and Departure at
Signaiized

Eco-Traffic Signai Timing
Eco-Traffic Signal Priority

B € oo Lanes Management %™ Emergency Vehicie Preemption (PREEMPT)
[t u Dynamic Speed Harmonization (SPD-HARM)
Eco-C: ‘Adaptive Cruise Control QUeue Waming (Q-WARN)

— . B Teavaler Wdocsatice’ Cooperative Adaptive Cruise Control (CACC)

Emergency Electronic Brake Lights (EEBL) Incident Scene Pre-Arrival St Guidance

for Emergency Responders (RESP-STG)

Inieisection MovementASSSUIMAJI Lo Emissions Zone Management Incident Scene Work Zone Alerts for Drivers
AFV Charging / Fueling Information and Workers (INC-ZONE)
ChangeMvaminoI Eco-Smart mergen v
m = S Dynamic Eco-Routing (light vehicie.
Do Not Pass Warning (DNPW) | transit. freight) Connection - T)
. Eco-ICM Decision Support System Dynamic Transit Operations (T-DISP)
e — ooy Date [t
Mobile Devices Probe-basedmmem Maintenance . ¥ |
3 s Motonst Advisones and Wamings (MAVY)  Probe-snabled Trafe MGRRSARG " Drayage Optmzaton i
= ; ‘ s s e et
~ Vehicie Data Transiator (VDT) Studies - mart Roadside
g Weather Response Traffic Informaion  C/-enabled Tuming Movement & St Thok parkiog
R > (WxTINFO) Intersection Analysis
~ . CV-enabled Origin-Destination Studies
. ‘ ’ ] Work Zone Traveler Information @ U5 Oepariment of Transportaton 13
Inﬁastrudure

' 1‘1--9-. - EF, HYX} AR - 90| - CHEFSALL, FHH =2t . 'F:Ini 2| A0k, -r%' ti’éi E*

ﬂ/ Wyoming 1-80 Corridor - Connected Vehicle Map

9& o Source: Wyoming CV Pilot Deployment Team
o/« Grid (600’ x 250')
* Dayvs. Night conditions

* Residential/commercial mix

* High accident rate arterials pot-2014
* 20 fatalities
* 5,007 injuries

204 intersections

*=X : http://www.its.dot.gov/pilots/index.htm



2.2 O|=
= US DOT - Michigan

o Pillar 1: Connected Ann Arbor (2014+)

- 9,000 equipped vehicles
- 27 sq. miles of equipped infrastructure

o Pillar 2: Southeast Michigan Connected Vehicle Deployment (2015+)
- 20,000 equipped vehicles
- 500 equipped nodes, including highways and intersections
- 5000 devices including nomadic devices, extending to pedestrians

o Pillar 3: Ann Arbor Automated Vehicle Field Operational Test (2016+)
- 2,000 connected and automated vehicles
- Including Level 4 automated vehicles
- 27 sq. miles of densely instrumented infrastructure

=X : Road Map of Autonomous Vehicle Service Deployment Priorities in Ann Arbor, 2016.9
http://css.snre.umich.edu/sites/default/files/publication/CSS16-21.pdf

22



2.2 O|=

Research Tracks

U.S. DOT Automation Program

Enabling Technologies TRB Session 412

Kevin Dopart
ITS Joint Program Office, OST-R
U.S. Department of Transportation

Digital Infrastructure Communications Technology Research

Safety Assurance
January 12, 2015
Electronic Control Software Assurance and Cybersecuri Human Eactors
Systems Reliability ¥ ty

Transportation System Performance CACC

CACC, Speed Harmonization, and Lateral Control First/Last Mile and Transit S P D - HARM
Platooning Operations .
Platooning
Interoperability Testing Methaods Benefits Assessment Fi rst / L a St M ile
o
HA 29

Policy and Planning

Standards Federal Policy Analysis | Stakeholder Engagement | Transportation Planning

ITS Joint Program Office

“ us. Department of Transportation 9

https://www.its.dot.gov/presentations/pdf/TRB2015_Session_Dopart.pdf 23



Field Operational Test

B Development to FOT B Objective
» Provides an open forum for discussions and promote international
mmmmmﬁ- Output g o : o -
[I] Technology 1 DynamiqMap P standardization and R & D with 5 priority developments and social
Development for | 1 )| Business model acceptability events
Automated Driving . I . .
System 2. Information \ | Test Procedure B Expected Participants e
Y #
Security | ) » OEMs/Suppliers ¥
; - Standard Universities/Research organizations ¥
[I] Basic Technology|Integrated .r >
Development for M o [P HMI | [Large Scale FOT — » Ministries, government officers 7 Tokyo
Automated Driving | five major ! for Guideline > Foreign OEMs/Suppliers .
System Tooi I | Implementation . .
PICS (4, pedestridn Criteri » Journalists
Accident! riteria )
[]V] D | tf reductio# . Duratlon lél;\\lr::aes}cv%gartofthefo\lowing :
L 5. Next | etc. > 2017/9 - 2019/3 I i e T
Generatibn ; JARI* Test course;
Transport | Transpollt B Test Sites Xz %Fgr"}?'ééij;nmmm
] International I » Expressway e
= i : ) Standard » Arterial Roads [l /rterial roads

Cooperation .
. . i —imY Tok rft
: / Acceptance > Test Facility -~ ey L WatelTont ey
y 7

Z " 2CTT ) A g C(-,r n (*JARI: Japan AutomotiveResearchInstituty
J Il - -J Ol s 10

24
http://connectedautomateddriving.eu/wp-content/uploads/2017/06/2017-06-19_Uchimura_SISO4-SIP-adus.pdf
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http://en.sip-adus.jp/evt/workshop2016/file/evt ws2016 panel09 FieldOperationalTest03.pdf



http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
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Testing sensors in adverse
environment/sight conditions

[Test scene)

@ Heavy rain
& Splash

@ Dense fog

raffic light recognition

( .
[} Interse_gtlon

¥ traffic light recognition

3

y-
@ Round about

@ Backlight 0 Backlight
)

v traffic light and
obstacle recognition

|

Area 3 l

Variable configuration area for Communication devices and

intersection negotiation testing

W 3
o Difference between
i map and road

v Temporary difference
- read werk/maintenance
- traffic restriction

v'Various setting
- crossing angle
- blind area

v'Negotiation to other vehicles
- manual driving vehicle

@ Right turn collision avoidance
information provision system

T\\M’g d&:&
L s

source: SIP(Cross-ministerial Strategic Innovation Promaotion Program)

® Green-wave traffic light system

[N R

7 |
,
4

o °

- autonomous vehicle

http://en.sip-adus.jp/evt/workshop2016/file/evt ws2016 panel09 FieldOperationalTest03.pdf

Indicate image to drivers to advise the moderate
speed for passing through traffic lights

source: [TS-Japan

CAMETI

Ministry of Economy, Trade and Industry


http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
http://en.sip-adus.jp/evt/workshop2016/file/evt_ws2016_panel09_FieldOperationalTest03.pdf
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= 22|LI2} EREMEO| AIZ|A H|E : 84X 2 (2013 HHZY)

2007 2008 2009 2010 2011 2012 2013

]~ ]=] (4] ~]=] (4~ ]=] (4] ]=] (4]~ ]=] (4] ]=] (4]~ ]=]

7l (102 2) 53,788 57,781 71,263 73,003 78634 82,264 84,118
ERDEETHE(10%2) o6, 172 26,908 27,706 28,509 29,097 30,315 31,420
WSALRHE(1090 ) 10,184 10,630 11,682 12,803 20,311 21,194 21,820

o 71 2 2 H| 2 (1092 13,064 14,378 16,621 14,584 14,043 14,630 14,109
2ATLAHE(109 ) 1,273 2,924 12,308 13527 11,889 12,333 12,835
424 2109 8) 3,106 2,96 3.048 3,160 329 3,732 3,932

EXN : 27X EN A, http://www.index.go.kr/potal/main/EachDtIPageDetail.do?idx_cd=2971

= 272|LI2} =%HH| 2 : GDPO| 2.2%
T o= 0| = EU g= A
STH|E(ZH) 33 (2015) 140 100 23 25
GDP(X ) 159 19.4 D 16.4 2 2.50 241

<H > =m/lE ETH|E Hu

1) World Development Indicators database, World Bank, 17 April 2017 2) https://ieconomics.com/european-union-gdp 28



O Nightmare, why?

= DRIVING TOWARDS DRIVERLESS: A GUIDE FOR GOVERNMENT AGENCIES

xE X3 = 2F =
> o T%IDII 7-I E'I o 7|- (J_'II'% o o 7|-) Scenario 1: Scenario 2:
— PP p—— - Driverless Nightmare Driverless Utopia
> EA B OlEAE FuHa 5 |
AL x oy
> MaS39l 0|54 st |
Impacts Summary of Driverless Vehicle Future Scenarios ; ; :
(Changes from Toda) | Level of Vehicle and Ride Sharing |
0% of Society 100% of Society
Driverless Driverless
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O Nightmare, why?

Z=X : Estimating Potential increase in travel with autonomous vehicles for the non-driving, elderly and people with travel-
restrictive medical condition

—l—

el 7{ 2| (Vehicle Miles Traveled) tH3}
- Carnegie Mellon Univ., Corey D. Harper, 2016.4
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O Nightmare, why?

" WXLE B8 ZA (ratae ot ¥e vk U AR E, 25% AVs 71)
1. X|CH 7} =: 0.58 mfs (AFRHO| X St= X}k : 2.8 mfs' at 20 km/h)
2. X|Cf Z+=x: 0.54 mfs' (A}2H0o| X St= X}ZF : 7.3 ns at 20 km/h - 2.8 nfs)

1. If signal timing is left unchanged (Scenario 1), the Avs must travel no faster than 8 mph as
they approach a traffic signal, to avoid the ‘dilemma zone’. Capacity is reduced by 21%.

2. But if signal timing is to be changed to accommodate the constraints on AV acc/dec
(Scenario 2), very long yellow and all-red clearance times would be needed (approx. 12 and
10 s, respectively). Capacity is reduced by 46%.

3. An AV must assume that a leading human-driven car may unexpectedly decelerate at its
maximum rate of deceleration at any point in time. If the occupant(s) wish to keep the AV
strictly within the acc/dec constraints of HSR, the AV would need to maintain very long
headways behind the leading vehicle (20 s at 30 mph). Introducing this constraint, capacity
is reduced by 54%.

The Tension Between Autonomous Cars’ Impacts on Junction [Intersection] Capacity and Occupant Comfort, Scott Le Vine, 2015

https://higherlogicdownload.s3.amazonaws.com/AUVSI/c2a3acl12-b178-4f9c-a654-78576a33e081/UploadedImages/documents/pdfs/Posters/Poster%20-31
%20Autonomous%20Cars%20Tensions%20between%20Comfort%208&%20Capacity%20(2014).pdf



O Nightmare, why?
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ZEX : How autonomous vehicles could relieve or worsen traffic congestion, HERE, 2016

http://360.here.com/2016/07/19/autonomous-vehicles-will-go-nowhere-without-industry-collaboration/

32



X UberZ} MHN| S s AL} ?

= New York Atgf| &4, Schaller Consulting, 2017.2*

| *TNCs : Transportation Network Companies
2013 :)'('i"w -NC (Uber, Lyft, Via, Juno, Gett)

Total: 1.19 blillion miles -
OH S EHA|R3 109km =7}
ol - T o AaMT™ o =1 =
2016 ellow axi New Personal
Taxi Decline TNC Use
"ﬁ_" %
6 505 - - Net: 600 million miles S55i

Vehicle miles traveled (Annual, millions)

HSuWS 0| 8X Za
0 2013 CHH| 2016 —
N

437CHo| S, B|ZE 5 MH|A S5

Subwa

- FA7E| H|F0] 14%0M 19%2 S7} (M AL ChH])

- WSLE S T EAo| MH XY FHHE| 7% S|
- BHSIE F7t= T (daytime speeds) 11% Z4 ey
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Change in Ridership (Annual, millions)

* UNSUSTAINABLE? The Growth of App-Based Ride Services and Traffic, Travel and the Future of New York City, 2017.233
http://www.schallerconsult.com/rideservices/unsustainable.pdf
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» AlXM ‘ZSX 5t Ate| (TOYOTA)

TSS-C PCS? may not operate in the following conditions:

- N
When visibility to the When there is a sudden When driving around When there is intense When a preceding When very close to the
front is poor due to bad appearance in the locations with sharp light from the front such vehicle cuts in front of vehicle in front (distance
weather (rain, snow, fog, = forward direction of the =~ curves or undulations or = as strong sunlight or high = you suddenly, abruptly ~ of approximately 6.5 feet
dust raised by wind, vehicle for a period of time after =~ beams of a vehicle going =~ steers, accelerates or ~ or less) or coming close to
sandstorm, blizzard, etc.) turning due to camera the opposite direction decelerates, oris offset = a preceding vehicle after
recognition compared to your vehicle = making a lane change

o)

\ e »ﬁ*ﬂh - |
‘\;.;\ Lo 0J i) ) Bas o \\‘\ ‘
% K , DY & )
” t* m‘é ) & ) -il)}))) ® ® @ N

Motorcycle or bicycle ~ Whendrivingonanup or =~ When vehicle angle/ If the rear-most surface When the cameraor = When the sensors detect
may not be detected = down slope and not able stance is changing of the preceding vehicle laser faces the wrong something that is not a
to recognize a preceding dramatically is small, low or irregularly = direction due to damage preceding vehicle
vehicle high or misalignment

THE FUTURE OF SAFETY IS HERE, TOYOTA'S ADVANCED ACTIVE SAFETY

PACKAGES: TSS-C AND TSS-P <Toyota> 35



DIST.

CANNOT STOP SAFELY

CANNOT GO WITHOUT ACCELERATING -

DILEMMA MAX
ZONE CLEARING

"AV” Autonomous vehicle é

1 Urban use-cases
— Cooperative Intersection Control

Priority 1

v AutoNet 2030

Priority 2 :

i

3 3 Al A

v i-GAME (2016.5)
- cooperative intersection scenario

30
km/h

__________ am I e =) il © e a»
< Op O 5 BC= BCw B o | O
pc1 % : 36 i
statof ~ km/h : km/h Start of
cz : [~ 4
! Start of
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=
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}
1
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= = o o)
1
1
.

s i i

* =X : Helping Autonomous Vehicles at Signalized Intersections
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3rd party services

3Pub,’5ub: Events

Urban driving
services

t Pub/Sub: Events

UTOPILOT

[

Pub/Sub: Events 3

i Pub/Sub: Events

T Pub: Events

. extending the perception range of
an automated vehicle beyond what is
provided by its own sensors.

Connected AD Car VRUs Traffic Lights
LTE ETSI-GS
Pub: Events Pub: Events (road Works, fog ..)
loT in vehicle platform
_________ Road Smart Traffic
I’ ‘I Cameras sensors
1 1
lﬁ -------- ‘l
= = QD I T
= MR = ) -' D
a2 58 t
O O Airlines Other devices AUTOPILOT:
Autopilot vehicles ~ Drones things H
Y VY =N I:m -
\ P ——
TP = 5 H— N :
Other vehicles Traffic lights

Pedestrla ns

* VRU : Vulnerable Road User
(BAX}L, XfHA, L EHIO| §)

https://connectedautomateddriving.eu/wp-content/uploads/2017/07/2017-07-26_CAD-Webinar_Presentation-TNO.pdf
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= QIX|HHP| 2% - Probe Data, Sensor Data, See Through

v §oj49] HOIE(PVD : Probe Vehicle Data, At 2FMA EO[H)

- AF 5NN 3R : QR A AE IE LHOE ¥
1) X[ GPS HHE x}ﬂ qu 1) A}M QlAIE

P e =
T o N
(o1 $E) T~ ; - Q|K|, &, J}2E, uist & - XEFEY Qx|
7 - ".V‘ I I 1 \
S P 5 2moge
v Al
Al

2) EEAI‘EH I"E
EHOE ey, 249, AA S tee!
1hes. Tes) % B : 7Ha, 2o|d, 2tojct

- NFTFMAN QIATEE  AMOIAE, BoIE HATRE

o
oln

v ARG o1A8E F-8(Multi-Vehicle Cooperative Perception(Mapping))

- NYHYPUN QNFEE BT FHAFL HHAN B

ASAD
HgR “
/5 <

1) V2V H2olAl My
- FHXIZS 0| AlOFsH HE Q14
e.g. B, KpHA

- %A O, @ YAy
= @°IN Al°pgH

2) V2X = F3l(Cooperative maneuvering)
- R MM HO|E B8, NYBL S U
= EAM, MA7|8F O 7|& 823

X ZX : Hao Li. 2015. Multivehicle Cooperative Local Mapping. HAL



= TransAID

To develop and demonstrate infrastructure-assisted traffic management
procedures, protocols and guidelines for smooth coexistence between automated,
connected and conventional vehicles especially at Transition Areas.

Bad weather -
[ conditions, _ " - y ¢ g
- limited FOG - B »
i d | sensorrange “4RE4 | AT ¥
3 . —3 | Emergency &
Missing sensor data ‘ high complexity situations
A (High automation possible, but ending) B (High automation not possible) C (High automation possible again)
. ey T, - S .
e B : Construction sites - -.;-i; : | P
4 No. of
%
{ ]
‘\:’t’__/ \ég
— R — R
Transition Area Transition Area

http://connectedautomateddriving.eu/wp-content/uploads/2017/08/SIS37-MAVEN-general-TransAID.pdf 39
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» 2M T8, CACC (Cooperative Adaptive Cruise Control)

4500 - B With addition of “Here | Am” vehicles
Without CACC: 4000 - - s”)
* Irreqular braking and acceleration 3500
= Longer headways

* Lower throughput 3000
* Risk of rear-end collisions

2500 -
INE -~ IRRIENE IER - INRIER 2000 -
1500 -

Lead Vehicle broadcasts 1m0 A

CACC Enabled: location, heading, and speed
* Coordinated speeds 7
* Higher throughput

* Reduced rear-end collisions

* Fuel economy savings/ @ CACC-enabled following vehicles NS SN
emissions reductions o @ Any speed or acceleration automatically adjust speed, de o e
@ TMC observes traffic flow \E perturbations by Lead Vehicle can be acceleration, and following distance 1\0 .‘9 @ "
and adjusts gap policy to instantly accounted for by following
manage road capacity vehicles utilizing V2V communication

=X : Impacts of Cooperative Adaptive
X Ao et2 Q6 A}Zt 7t (Gap) HIO{AHE 48X Cruise Control on Freeway Traffic Flow,
2012, Shladover
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X CAV ERIE0| BHofl 0|X|= B

= Research on the Impacts of Connected and Autonomous Vehicles (CAVs)
on Traffic Flow Atkins, Summary Report , Department for Transport , May 2016

CAV CAV penetration composition # Average Travel Time LF m Average Travel Time CAV
Scenario 'i':::;:?t":\'; Level Il Level [l Level IV
N Driver assistance Mix of capability Full automation 550
Base 0% 0% 0% 0% g
25% penetration (1) 25% 20% 5% 0% E 525
50% penetration (2) 50% 35% 10% 5% %
75% penetration (3) 75% 50% 15% 10% % 500
100% penetration (4) 100% 40% 20% 20% 5
Upper bound (5) 100% 0% 0% 100% 475

450
Base 25% 50% 75% 100% Upper bound
penetration  penetration penetration penetration
¥Urban model
- 12% with a 25% penetration of CAVs

- 30% with a fully automated vehicle fleet.

X Strategic road network model

- 7% with a 50% penetration of CAVs

- 17% for 75% penetration

- 40% for a fully automated vehicle fleet

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/530091/impacts-of-connected-and-autonomous-vehicles-on-traffic- 41
flow-summary-report.pdf
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» Local = Global Cooperative System : AutoNet 2030

Global cooperative area
m - I! = I!
st e =as
( . H H‘ﬁ

((((:)))) Master @ Cooperative vehicle

m
(T Cooperative Automated vehicle E E
-Dynamlc cooperative area

@ <gacy vehice Iﬁi ﬂﬂﬂﬁ

((<.))) Master - Legacy vehicle
- Cooperative vehicle 1 Traffic light
e

( ' | Cooperative automated vehicl

*Z X : http://www.autonet2030.eu/ 42
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QCIoIE — BHH= — o'eH =X| (WU, £k, X2, Z2 H)

v HHo|y 2y . gojug gojy v Pro-active Traffic management (Paradigm Shift)

intalligrive. /)ata Environment Evolution

End State

Current State
. “afew”
E ~3.

RAVELER | <0.1%

Pro-Active

------------ : =e==cce--g ( Predicting
H
'
.

-be

VEHICLE

Traffic Management

Traffic Knowledge

T —I—O
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= MAVEN - Use Cases Overview

|2V interactions

S& HHs}

* Negotiation (signal timing vs. arrival pattern), speed change advisory, lane change advisory

Traffic controllers optimization

* Signal optimization, priority management, queue estimation, green wave

Platoon management

* Forming, joining, travelling in, leaving, breaking a platoon

Conventional traffic and VRUs

* Detection of non-cooperative vehicles, VRUs, emergency situations

=e, K2 A
M=
=& F

VRU Detection
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5.1 M| HE| A|ZEE Z=H|5| 0} !

= From CV to C-ART
EC JRC(Joint Research Center) Report, 2017

« Shift
- from conventional vehicles to connected vehicles S SEEEHEE SRR SIS TR SRS
- from connected vehicles to automated vehicles _ N
- from automated vehicles to C-ART The r-evolution of driving:
from Connected Vehicles to
« C-ART is ... concept by adding communication ... and Coordinated Automated Road
. . . . Transport (C-ART)
adding a central coordination ... to achieve the full
potential of automated driving in terms of social, Pert Lt Framework for o
economic and environmental benefits. Coordnated Automated
system
C-ART will T
- coordinate AVs along their complete journeys.
- allocate AVs to different routes, optimising safety, fuel
consumption and travel duration in real time. i L
| o0 6°
... fast and reliable algorithms for real time ... organise
traffic in the best way possible, ...

46



5.2 H4UE|S 7} A|CH7} HA] !

n EOII-II:Il-l) %

* CV
100

60

40

» CAV?

30

20

0 2010 2015 2020 2025 2030 2035 2040 2045 2050
=o== Vehicles serviced by C-ITS applications (ETSI) =@= Autonomous cars deployment rate (vtpi)
1) &X : STRIA Roadmap (Network and Traffic Management), 2016. 11.

2) x7] YR AVZ} T3t = Ho|Lt O|O|S £20| E A 4
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- HEd X2 LA

- AHEel il f mig
- Delhi, Mexico City, and Mumbai

CLEAN AND SHARED

- DEVELOPING, DENSE METROPOLITAN AREAS

- AEFY 2 (=g 2F, SHE #E 3)

Sharing

L

b

SEAMLESS MOBILITY

- DENSE, DEVELOPED METROPOLITAN AREAS
- Mobility as a Service
(CHs1s 34
- 289 XIE2FY - First & Last 1 mile
- Chicago, Hong Kong, London, and Singapore

Multimodal and shared
automation

Mobility as a Service

» Automation

Partial automation

Fully automated
private luxury

\

PRIVATE AUTONOMY

- DEVELOPED, SUBURBAN SPRAWL

-9l AQ RHER}

- HM8ER

CEA BUR SRS U 39 MH|A

- B 743 (203071%] FRHz2| Ach 25% S

J1%l2 STRIA Roadmap, Network and Traffic Management Systems(Nov 2016),
Lj2 & Mckinsey&8company 2} bloomberg®| “AN INTEGRATED PERSPECTIVE ON THE FUTURE OF MOBILITY(2016.10)" X1
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5.4 Cooperative A|AE L|j0j] VRU &% (V2P) !

FolLtet wSAD 544 (A

|

Figure 1.3. Road fatalities per billion vehicle-kilometres, 2014

20

-t

.,_
H

2
X M

ke ?)

- VRU 65% (283 40%, 0| 2} 25%)

- lu:?_lk|-ﬂ|'x|- 38% (Q17H| & 13%)
EAE R AKX} H|E 50% 1t |

R

M

Figure 22.5. Road fatalities by road type

i s e utan aeas sl Table 22.3. Road fatalities by age group Figure 22.2 A}WX} F Use Group & H|E
MNumber of fataliies 2014 % changs over Figure 22.2. Road fatalities by road user group in percentage of total 2014
[l o Age 2000 2010 2013 201 s
2013 2010 2000 -

" H} Al 12 A omesretirons
o xl 3 B, ISR 2 = 05 275 49 38 % 318 469 405

690 202 149 3 18 455 633 011
s000 10-14 111 62 28 2 250 66.1 B1.1

1517 263 130 &7 104 105 252 605
8000 = 24% 301 220 2410 18-20 1450 149 119 109 -84 2.8 763
2000 2124 573 236 104 143 251 304 750

2564 6474 3068 2763 25% 86 477 1.0
1000 >65 1853 1752 1833 1815 40 36 21

. Tolal Inci. unknown 10236 5505 500 4762 45 1.5 -53.5

2010 2013 2014

A2} 4,762 = DK} 1,815 (38%)
AN EHs 5 21%

49
Z£X : IRTAD 2016 H 1A



5G?

5.5 &4l : WAVE* - LTE

« SXYNX|= Hybrid (WAVE + LTE)
- O|=} : Report to Congress, FHWA, 2015.7

- o AEHOIM A2 MH|A S S flol HE 7hstt 7|&2 DSRC*7L e
- B2 X|HA[ZH(Low Latency)ilt t}= = (Fast Access)0| ERX| 22 MH[AS2
Cellular § CHE &4 T HE0| 7I5¢
* Status of the Dedicated Short-Range Communications Technology and Applications
* EU : European Strategy on C-ITS* 2016.11.30
- WAVE(EU= ITS G5)2} @ixf2| 0|53 &4 Y S & (Hybrid)st= A0| 7 galH

* "A milestone towards cooperative, connected and automated mobility”

= Oj2{ofl = ?
- WAVE - C-V2X (Cellular V2X) - 5G & M =& Hybrid?

* WAVE : IEEE 802.11p, O|=10j|A{= DSRC, §H0|A= ITS-G52 HH

50



5.6 Level 3& skip ?

Manufacturer Level 2 Level 3 Level 4 Level 5
o
Audi Audi A4 2017 2018 Late 2020s
European ITS Platform
2016 . TBA
BwW BMW 7 Series Skipped 2021
— : n L ° x-l-
Ford 2019 Skipped 2021 TBA EZE "S53 L & XA
2016 TBA " o XMXIX HF
Honda Honda Civic- | 2020 TBA "‘GM - O '—I = 7H =
Sedan -
Aot FA, 2016.4
) 2016 TBA
Ki 2020 2030
a Kia Sportage
2013 TBA
Mercedes-Benz || Mercedes-AMG || Skipped TBA L I 3 = k'
C63 eve = SKi p:
Nissan 2(_]1 ¥ 2018 2020 TBA
Nissan Serena W I 7
2016 TBA
R It 2020 TBA
e Renault Espace y o
2015 TBA
i 2018
Efs Tesla Model' s | S¥IPPed
2016 TBA
Vol Ski d 2020
oo Volvo XC90 iPpe
EU-EIP Activity 4.2 Facilitating automated driving, * TBA : To be announced

Task 1: Identification of requirements towards network operators, 31 December 2016
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