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MICHIGAN CONNECTED VEHICLE WORKING GROUP

Monday, April 30, 2012

Robert Bosch LLC

Plymouth Township Technical Center

15000 Haggerty Road

Plymouth Township, MI 48170

MEETING AGENDA

(1) Welcome and Introductions (9:00-9:15 AM)

(2) Update on V2V Safety Pilot Field Test, Debra Bezzina, UMTRI (9:15 to 9:45 AM)

(3) Chrysler Activity in the Connected Vehicle Domain, Edward Griffor, Chrysler (9:45 to 10:15
AM)

(4) Summary and Discussion of Workshop on Enabling a Secure Environment for Vehicle-to-
Vehicle and Vehicle-to-Infrastructure Transactions, Matt Smith, MDOT (10:15 to 10:30 AM)

BREAK

(5) Update on USDOT RITA Connected Vehicle Program, Valerie Briggs, USDOT (10:45 to 11:15
AM)

(6) Update on Toyota Activity in the Connected Vehicle Domain, Hideki Hada, Toyota (11:15 AM
to 11:45 AM)

(7) Update on Planning for the 2014 I'TS World Congtess, Jim Barbaresso, HNTB (11:45 to noon)



MICHIGAN CONNECTED VEHICLE WORKING GROUP

The April 2012 meeting of the Michigan Connected Vehicle Working Group was held at the Robert
Bosch LLC Technical Center in Plymouth, Michigan.

MEETING NOTES

After a brief welcome and introductions, Debra Bezzina from the University of Michigan
Transportation Research Institute (UMTRI) gave a presentation on the $18 million, 2.5 year safety
pilot being conducted by UMTRI for USDOT. She discussed the timeline for the pilot, community
outreach, applications being tested, and vehicles and devices to be deployed. She also presented a
map displaying the locations where connected vehicle infrastructure will be installed in the Ann
Arbor area.

Following Debra, Ed Griffor of Chrysler discussed the importance of R&D in general and the
importance of public and private R&D in the automotive sector in the U.S. Ed noted that the
United States is responsible for a large portion of the world’s R&D spending and that the
automotive industry is one of the top industries in R&D spending.

Following Ed, Jim Barbaresso from HNTB gave an update on the 2014 I'TS World Congtress, which
will be held in Detroit. The dates for the event have changed to September 7 -11, 2012. Jim noted
that Cobo Center will be undergoing significant renovations before the event, and these will enhance
the space. The event itself will focus on technology demonstrations and there will be an emphasis
on vehicle technologies.

After a break, Valerie Briggs from the U.S. Department of Transportation’s I'TS Joint Program
Office discussed work being done by the federal government. Much of the current research is
aimed at informing the 2013 NHTSA rulemaking announcement on V2V safety. Currently security
is a major focus for researchers and important policy concerns include legal issues and business
models for connected vehicle systems.

The meeting closed with Hideki Hada of Toyota presenting on the vision for V2X. Hideki
emphasized the value of including infrastructure in deployment, and how it will be important for
creating a value proposition to customers, thus promoting the eatly adoption of in-vehicle
technology.
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Agenda for This Morning

Welcome and Introductions (9:00-9:15 AM)

Update on V2V Safety Pilot Field Test, Debra Bezzina, UMTRI (9:15
to 9:45 AM)

Chrysler Activity in the Connected Vehicle Domain, Edward Gritfor
Chrysler (9:45 to 10:15 AM)

Summary and Discussion of Workshop on Enabling a Secure
Environment for Vehicle-to-Vehicle and Vehicle-to-Infrastructure

Transactions, Matt Smith, MDOT (10:15 to 10:30 AM)
BREAK

Update on USDOT RITA Connected Vehicle Program, Valerie Briggs,
USDOT (10:45 to 11:15 AM)

Update onToyota Activity in the Connected Vehicle Domain, Hideki
Hada, Toyota (11:15 AM to 11:45 AM)

(7) Update on Planning for the 2014 ITS World Congress, Jim
Barbaresso, HN'TB (11:45 to noon)
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Working Group Mission

e Cooperatively pursue projects and other activities that
are best accomplished through partnerships between
multiple agencies, companies, universities, and other
organizations and that ultimately advance Michigan’s
leadership position in connected vehicle research,
deployment, and operations.

Benefit our state and our industry (automotive and more)
Enhance safety and mobility in Michigan and beyond




e
Upcoming Connected Vehicle Events in

Michigan

* ITS Michigan Annual Meeting and Exhibition
May 30, Ford Conference & Event Center, Dearborn
ITS America Annual Meeting, May 21-23, National Harbor, MD
® Telematics Detroit 2012
June 6-7, Suburban Collection, Novi
® Driverless CAR Summit
June 12-13, Motor City Casino Hotel, Detroit
* Michigan Connected Vehicle Working Group
Planning for July and October (volunteer hosts needed)
* CAR Management Briefing Seminars

Aug. 6-9, Grand Traverse Resort and Spa, Acme (Connectivity on
6th)
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SAFETYPILOT

Connected Vehicle Safety Pilot

Debby Bezzina
Senior Program Manager
University of Michigan Transportation Research Institute




What is Safety Pilot

= Safety Pilot is:
Model for a national deployment of the technology

Designed to determine the effectiveness of the
safety applications at reducing crashes

Designed to determine the how real-world drivers
will respond to the safety applications

= Safety Pilot will also tests mobility and
sustainability applications

= $18M, 2.5 year program
= 1-year deployment begins August 21, 2012



Test Conductor Team

o7



8/18/2011

Program Schedule Overview

10/1/2011 1/1/2012 4/1/2012 7/1/2012 10/1/2012 1/1/2013 4/1/2013 7/1/2013 10/1/2013 1/1/2014

8/18/2011 2/14/2014

February 2, 2012 4



A Community Effort

= Working with a variety of local organizations

City of Ann Arbor, Ann Arbor Public Schools,
Washtenaw Intermediate School District,
Washtenaw Area Transportation Study, UM
Transportation, Ann Arbor Transit Authority,
Con-way Freight, Sysco Foods

= Establishes UM, Ann Arbor, and the region as
the center for connected vehicle research and
development

Very important in retaining vehicle technology
base, and expanding economic opportunities



Innovation in Transportation Technology

= Ann Arbor becomes the “sandbox” for
connected vehicle technology testing and
development



Scope

= More than 2,836 cars, commercial trucks, and
transit vehicles

= /3 lane-miles of roadway instrumented with
29 roadside-equipment installations

= A variety of different devices
Vehicle Awareness Devices
Aftermarket Safety Devices
Integrated Safety Systems
Retrofit Safety Devices
Roadside Equipment



Devices Types

= Vehicle Awareness Device (VAD) — Only
sends the basic safety message. Does not
generate warnings.

= Aftermarket Safety Device (ASD) — Sends
and receives the safety messages. The
device has a display, and issues audible or
visual warnings to the driver

= Retrofit Safety Device (RSD) — Like the
ASD, but is connected to a vehicle databus,
can provide info from in-vehicle sensors



Devices Types

* Integrated Safety System (ISD) — Designed
into vehicles by the vehicle manufacturer, and
IS connected to a vehicle databus. Sends and
receives the safety messages, and it issues
warnings to the driver

= Roadside Equipment (RSE) — Devices
installed into the infrastructure that both send
and receive safety messages, and can
iInterface with traffic control systems



Example Equipment

10



Applications

Forward Collision Warning (FCW)
Emergency Electronic Brake Light (EEBL)
Intersection Movement Assist (IMA)

Blind Spot Warning (BSW)

Do Not Pass Warning (DNPW)

Left Turn Across Path (LTAP)

Right Turn in Front Warning

Cooperative Intersection Collision Avoidance System
Violations (CICAS-V)

Curve Speed Warning (CSW)

Pedestrian Detection
11



Vehicles & Devices Deployed

Integrated Retrofit/ Vehicle
Vehicles | Aftermarket | Awareness

Devices Devices
Passenger Cars 64 300 2200
Heavy Trucks 3 16 o0
Transit 3 100
Medium Duty 100

67 319 2450 2836

12




Ann Arbor as the Deployment Site

A good mix of high-volume, multi-modal traffic

Urban, suburban and rural roads
A variety of roadway characteristics

Weather variation to examine events,
applications, and equipment durabillity

Proximity to vehicle manufacturers and
suppliers

13



Driver Recruitment in Ann Arbor

Recruit to maximize vehicle exposure to the site/other
vehicles
Large potential recruitment population

City’s population is 114,000

40,000 UM employees, VA Hospital, EPA, etc.

Community based recruitment via public schools to increase
exposure and probability of vehicle interaction

Two trucking firms
Con-way Freight and Sysco Foods

Two transit agencies
Ann Arbor Transit Authority and UM Transit
Other organizations
Arbor Springs
Washtenaw Intermediate School District
14



Recruitment Strategy

= Ann Arbor Public Schools

Targeted to specific schools

3780 Students

Approximately 2835 households
Approximately 5000 vehicles
Excludes teachers and staff

= University of Michigan Medical Center

Targeted: based on zip codes that require travel
through the model deployment area

Roughly 20,000 employees

15



Alternative Strategies

= Expand to other entities until fleet
requirements are met
Story in AnnArbor.com

North Campus Colleges: Engineering, Art,
Architecture, and Music

Toyota, Con-way Freight, Dominos Farms, EPA,
VA, etc.

= Recruit at two additional elementary schools

16



Infrastructure Installations

= Strategy for site location

Capture all traffic operating in Northeast Ann Arbor,
with focus on local commuters, and all other trips

= Roadside Equipment at:
21 signalized intersections
3 curves
5 freeway sites

= 2 SPaT enabled corridors
12 intersections, 6 per corridor

17






Program Outreach

= Coordinated effort, involving all team members
In cooperation with the USDOT

Model Deployment Showcase
Printed and Video Materials
Industry Publications

Public Meetings

Technical Papers and Presentations

Website
http://[spmd.umtri.umich.edu

February 2, 2012 19



Program Outreach

February 2, 2012 20



Stakeholder Utilization of the Site and
Data Access

= Provide access to, and support for, use of the
operating environment by other stakeholders

= Showcase facility to support stakeholder use
of the site

Driver training facilities, demonstration areas, and
a vehicle-based demonstration staging area

= Support wide-spread dissemination of the
data for use by a variety of researchers
Some vehicle level, all of the infrastructure data

21



Other Applications

Grade-Crossing Warning

Warning System for Pedestrian Crosswalks at
Mid-Block Locations

Smart Work-Zone Merge Management
Emergency Vehicle Signal Preemption
Data Use and Analysis Processing (DUAP)

Vehicle-based Information & Data Collection
System (VIDAS)



Grade Crossing Warning

= For demonstration only

= Current Condition
Gated and ungated RR grade crossings
Daily RR activity near residential area

= Application
Deploy low-cost train monitoring system

In-vehicle warning to drivers of approaching
trains (12V)

Supplement existing warning systems
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SAFETYPILOT

Questions?

dbezzina@umich.edu

734-763-2498




Presentation by Edward Griffor
(Chrysler)
to be Inserted here



2014 ITS World Congress Update

Jim Barbaresso
Connected Vehicle Working Group
April 30, 2012



ITS World Congress Update

* New Dates

—September

7 through 11, 2014

—Good News:

* No conflicts with other meetings

* More prec

* More loca

—Bad News:

ictable weather
events and sports

_ess time to plan



ITS World Congress Update

e Cobo Center Renovation




ITS World Congress Update

* |TS World Congress Board of
Directors

* Organizing Committee being filled
* Promotion is beginning

* Meetings with automakers and
other key stakeholders

e City of Detroit infrastructure
project

* Business planning



ITS World Congress Update

* New Model

—Immersive experience

—More focus on technology
demonstrations

—More emphasis on consumers and
youth

—More emphasis on vehicle
technologies
* Partnering with the auto industry
* Reinventing the Motor City



ITS World Congress Update

DETRO!]




Overview of the Connected
Vehicle Research Program

Valerie Briggs
Team Lead, Knowledge Transfer and Policy
ITS Joint Program Office
Research and Innovative Technology Administration

April 30, 2012



Today

Safety

« 32,885 highway deaths in 2010

* 5,400,000 crashes/year

e Leading cause of death for ages 4 to 34

Mobility
* 4,200,000,000 hours of
travel delay

* $80,000,000,000 cost of
urban congestion

Environment
e 2,900,000,000 gallons of
wasted fuel

Data Sources: NHTSA, CDC, TTI
Photo Source: ThinkStock

CO; CULPRITS

cars and trucks
major
transportation
— 0 lactories, home
heating systems

U.S. Department of Transportation 2




Fully Connected Vehicle

Image: U.S. DOT

/Iatitude, longitude, time, heading\

angle, speed, lateral acceleration,
longitudinal acceleration, yaw rate,

throttle position, brake status,
steering angle, headlight status,

wiper status, external temperature,

turn signal status, vehicle length,
vehicle width, vehicle mass,

bumper height

/

U.S. Department of Transportation
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ITS Research Program Components

Safety Mobility Environment

Real Time Data Dynamic Road
vav | var | Safety B capture & Mobility Weather

Pilot Management | Applications Applications

Applications

Harmonization of International Standards & Architecture
Human Factors

Systems Engineering

Certification

Test Environments

Deployment Scenarios

Financing & Investment Models
Operations & Governance
Institutional Issues

U.S. Department of Transportation 4



Safety

U.S. Department of Transportation 5



Why It Matters

Up to 80% of non-impaired

crash types may be impacted by
connected vehicle technology

Source: NHTSA

Based on initial estimates & studies. Actual benefits are not determined at this time.

U.S. Department of Transportation 6



NHTSA Agency Decision Options: 2013

Rulemaking on minimum performance requirements for vehicle
communications for safety on new vehicles

Inclusion in NHTSA's New Car
Assessment Program to give car
makers credit for voluntary inclusion of
safety capability in new vehicles

More research required

Key factor will be the need for, and
timing of, a security system

Image: istock.com

U.S. Department of Transportation 7



Security System: A “Must Have” for safety

Clarifications
» Security Network — credentialing and certificate management

» Security Back Office — operational functions that apply across
any type of Security Network

= Applications Infrastructure — Infrastructure specifically for V2|
safety (DSRC) or V2I mobility (other options)

All require sustainable

U.S. Department of Transportation 8



Security System

V2V communication
via DSRC

Security Network
Options Analysis
Cellular/hybrid

*DSRC

*Other

Security Back Office

Functions

*Manage operations

Certify processes & equipment
*Revocation

U.S. Department of Transportation 9



Security System & Applications Infrastructure

)@

- —
~3\ 7"\ A
S

Definition Underway

Applications infrastructure (via DSRC):
V2V communication  Must be part of_ the trL_ls_ted_ networ_k
» Adhere to possible certification requirements

Via DSRC
» Adhere to system governance

U.S. Department of Transportation 10



Security System & Security Infrastructure

e e e e e e
- -~
- -~
— ~
~
~

-

-
’f

-
-~ ——
e

SN g Applications infrastructure as a part of the
security system:
» Must be part of the security network
V2V communication - Adhere to performance requirements
Via DSRC « Adhere to system governance
*Adhere to certification requirements

U.S. Department of Transportation 11



Mobility Program

Real-time Data Capture and Management Mobility Applications

Reduce Speed o
35 MPH Transit S_lgr_lal
Priority

Vehicle Status Data Weather
Application
55 mph... In_frastructure
o brakes on,... Status Data
WO DOSSENGETS.... Real-Time
Travel Info

Fleet
Management/
Dynamic Route
Guidance

= o
. System
Environment

Weather Data

Truck Data Signal Phase &
Timing Adjusts
Real-Time

Conditions

vw Location
Transit L..‘ A e

Data

L8 B N N N N N B §B § N N N N § N N N N N § N § N N N § /!
[ _§ N _§ B N B § § 8 Bl B 0 W 0 8 B § % § § § 0§ § § |

U.S. Department of Transportation



Data

» Basic Safety Message Part 1

o Core data elements communicated 10x per
second

o DSRC
» Basic Safety Message Part 2

o Additional data elements communicated when
an “event” happens

o DSRC

= Other data elements needed for additional
safety or mobility applications

U.S. Department of Transportation 13



Data and Mobility

Mobility applications may include:
» Cooperative Adaptive Cruise Control
* Queue warning

Basic Safety
Message 1 via

DSRC Mobility and environmental services

U.S. Department of Transportation 14



Data and Mobility

Mobility applications may include:
» Speed harmonization

* Transit Signal priority

* Incident scene work zone alerts

Basic Safety Message
1&2via
DSRC,
at a regular interval

® mobility and environmental services

Basic Safety
Message 1 via
DSRC

Mobility and environmental services

U.S. Department of Transportation 15



Data and Mobility

Even more mobility and.environmental services

Basic Safety Message
1&2+,
at a regular interval,
via cellular

Mobility applications may include:
e Intelligent Traffic Signal Systems

» Mobile accessible ped signal systems
« Emergency comm & evacuations

* Incident scene staging guidance

« Work zone alerts for drivers & workers
* Next gen integrated corridor mgt
* Transit Connection protection
» Dynamic transit operations
* Freight traveler information
 Traveler information

U.S. Department of Transportation 16



Data and Mobility

d_environmental services

Even more mobility a

Basic Safety Message
1&2+,

at a regular interval,

via cellular

Basic Safety Message
1&2via
DSRC,
at a regular interval More

mobility and environmental/services

Basic Safety
Message 1 via
DSRC

Mobility and environmental services

U.S. Department of Transportation 17



Key Questions for Mobility, Weather,
Environmental Apps

*\What specific data elements do you need?
*How often to you need them?

*\What are the benefits of the applications?
*How do you get the data~

o Installation of equipment?
o Purchase from a vendor?

=\What new opportunities are there with
cellular and a world of apps?

U.S. Department of Transportation 18



Policy Issues Policy

Opportunities &
Challenges

e USDOT Authority

+UsDOT has sufficient currentlegal authority to
support implementation of many critical aspects of a connected
vehicle environment, including:

e Equipment in new vehicles

e Aftermarket devices

e Security system

« USDOT does not have legal authority to require
States to install infrastructure
e Privacy
e Business Models
e Private
e Public/private

 Fully public — unlikely given current funding constraints
and trends toward more private sector transportation funding

U.S. Department of Transportation 19




Policy Issues

Policy Successful Together
Opportunities & Stakeholders
Challenges
= Privacy/ | = Public/consumers
Cyber security = Automakers
= Governance = Equip. Suppliers
* Funding/ .

Public agencies
Business/Industry
Interest groups
Innovators
Academia

..and many more!

Sustainability
= Data ownership
= |nteroperability
» Risk/

Liability
* Implementation

Image: istock.com

U.S. Department of Transportation 20



Context and Trends

Very fast moving

» Growth in consumer connectivity and the world of apps

» Emerging market “ecosystem” for apps, suppliers and, perhaps, OEMs

» Trend toward cell connection and apps in vehicles

Very slow moving

N\
= Tight budgets for governments % ‘

= Move toward performance measures

= Emerging adoption of wireless technologies within DOTs

U.S. Department of Transportation 21



U.S. DOT Connected Vehicle Policy Program
Organizational Structure 42012

ITS Management Council

DOT Leadership

V2V | Senior Policy Task Force

Implementation Policy
Research & Analysis
Financial/Partnership Models

Security Policy — Certificate
Management Entities
Cost-Benefit Analysis

Governance/Oversight Models

Implementation Strategies

Technical Policy Research &
Analysis

Core System Policies

* Interface Policy Framework

* Certification Policy
* Standards/Harmonization Policy

* Spectrum Policy
* Communications Media Analysis

Legal Policy Research &
Analysis

U.S. DOT Authority

Intellectual Property
Privacy

Liability/Risk Sharing
Data Ownership/Access
Antitrust/Spectrum

U.S. Department of Transportation
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Principles: Purpose

= Transportation safety is the DOT’s top priority.

» The principles require that the system:
o Prevent or mitigate the severity of crashes

Minimize driver workload

O

Ensure no increase to driver distraction

O

O

Encompass all road users

O

Ensure that mandatory safety applications cannot be turned off or
overridden.

» Uses beyond safety applications are permissible and encouraged as long
as they do not detract from safety.

U.S. Department of Transportation 23



Principles: Coverage/Scale

» The system is extensible to all types of connected vehicle systems and
applications (safety, mobility, environmental, etc.).

» System implementation must be national in scale and extensible across
North America.

o Implementation can start at discrete locations but is envisioned to include
all major roadways with timing to coincide with the roll out of technology
in vehicles.

U.S. Department of Transportation 24



Principles: User Protections

» DOT is committed to fostering a connected vehicle environment that
ensures stakeholder and operational needs are met while at the same time
protecting consumers appropriately from unwarranted privacy risks.

o The connected vehicle environment will incorporate appropriate privacy
controls: transparency; individual participation and redress; purpose
specification; limitations on use of information; data minimization and
retention; data quality and integrity; security; and accountability and
auditing. For example:

= The environment must provide consumers with appropriate advance
notice of and, for opt-in systems, opportunity to provide consent for
information collection, use, access, maintenance, security and
disposal.

= The environment will limit the collection and retention of personally
identifiable information to the minimum necessary to support
stakeholder and operational needs.

U.S. Department of Transportation 25



Principles: User Protections (continued)

o As the federal role and other critical aspects of connected vehicle
regulation and/or implementation are further defined, DOT will document
publicly the privacy risks and controls applicable to the system and users.

» The system must be secure to an appropriate level. The system will:
o Ensure secure and trusted information exchange among users
o Provide protection from hacking and malicious behavior

o Maintain data integrity.

U.S. Department of Transportation 26



Principles: Implementation and Oversight

= An organization will be required to manage and operate the system
responsible for ensuring security and other functions associated with the
proper operation of the connected vehicle system.

o This organization can be private, public, or private/public hybrid.

o This organization will be governed by rules and methods of operations that
ensure compliance with DOT connected vehicle principles and any other
rules or requirements that may be established by the DOT with input by
stakeholders.

o All key parties will have a voice.

» Consideration should be given to allow applications from sources outside the
governance structure on to the system as long as they are in compliance with
all established system principles including security and operational
requirements.

U.S. Department of Transportation 27



Principles: Implementation and Oversight (continued)

» The system should be implemented to provide ongoing operations.

o |f state and local agencies are involved in system implementation, the
system should be designed to be cost beneficial for state and local
transportation agencies in regards to building, operating, and maintaining.

o USDOT is receptive to all sustainable financing options that do not violate
other Principles. In the event that that the only viable financing option relies
on financing from participating organizations, companies, or entities, the
common operating costs for the system including security, governance and
other costs should, to the extent feasible, be shared.
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Principles: Implementation and Oversight (continued)

» There are no consumer subscription fees for mandatory safety applications.

o Does not preclude mandatory universally applicable taxes or fees to
finance the system™*

o Subscription or other fees for non-mandatory, opt-in applications are
possible.

**Subscription fees refer to ongoing fees that a consumer voluntarily chooses
to pay for a service. Mandatory universally applicable fees differ in that they
are not voluntary and are therefore likely to either be collected by
government agencies (such as in conjunction with vehicle registration) or
included in the purchase price of the vehicle or equipment.
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Principles: Technical Functionality

» Functionality of the system requires compliance with nationwide, universally
accepted non-proprietary communication and performance standards

o Interoperability of equipment, vehicles, and other devices is necessary to
enable mandatory safety applications as well as applications supporting
mobility, economic competitiveness, and sustainability.

o Standards must be maintained to ensure technical viability.

= The system must be technically adaptable and viable over time
o Must be backward compatible.

o System must be able to evolve over time as new technologies become
available.
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Principles: Technical Functionality (continued)

= Communication technology for safety applications must be secure, low
latency, mature, stable, and work at highway speeds.

o Currently DSRC is the only known viable technology for safety critical
applications.

o DSRC or other communication technologies could be used for safety
applications that are not for crash-imminent situations, mobility, and
environmental applications.

» Use of the spectrum must comply with established requirements for non-
interference.

o Safety applications take priority over non safety applications.

o Public sector applications take precedence over commercial applications.

U.S. Department of Transportation 31



For More Information

www.its.dot.gov
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We have a common goal:
create happy customers

Make their driving experience better with new technologies
 with new vehicle technologies — Vehicle OEMs
» with new infrastructure technologies  — Infrastructure Industry

5.9GHz DSRC ?

Reduce accidents “Customer First”
“Better” Reduce stress ‘ Provide what our customers want.
Reduce fuel consumptions Don’t force customers to use what you want them to use.
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V2X cooperative system is already
a reality, not an engineer’'s dream

V2I: Vehicle to Infrastructure V2B: Telematics

ITEZ Ry e—E Z (DSRC) £l (RS E e « e Ty
Lexus ITS Spot DSRC Unlt 22050 yen (LS460) Toyota “Entune” iPhone App.
V2V: Vehicle to Vehicle + Infrastructure Ty ST Y P TY TP TY SR P )

Toyota IMTS at Aichi Expo (2004)
Integrated Safety
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Multiple on-board sensors enabled
360 degree protection (safety)

Night Vision & Pedestrian Detection Face Direction Blind Spot Monitor (BSM)

Adaptive Cruise Control (ACC) Lexus GS 350
Pre-Collision System (PCS)

There will be continuous
improvements of sensor and
system performance.

http://lwww.lexus.com/models/GS/gallery/index.html#p
Lane Departure Warning (LDW)  Adaptive Front Lighting

Lane Keep Assist (LKA) (AFS)
What kinds of values
will V2V & V2l add to

our customers?
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V2X with 5.9GHz DSRC is a key
enabler for “Risk Mitigation”

5.9GHz DSRC On-Board Sensor DSRC Communication

_ Collision =) Collision =) Risk " Risk
Long Distance: Mitigation ' Avoidance ' Mitigation ' Avoidance
300m
Omni-directional:
360 deg

Enables Forecast:
2-way data exchange

/

Current On-Board Sensor
Limited distance (150m), Limited field
of view (30deg), 1-way sensing

Google Map
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Toyota demonstrated sample
applications to the public in 2008

U nive rsal COI I iSion AdVisory One application to cover various vehicle-to-vehicle conflicts

V2V Straight Cross Path After Merge Forward Collision Integrated HMI
Traffic Signal Pedestrian Green Wave

V2I Violation Warning Collision Advisory Advisory

v

2

A
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Application functionality will be enhanced as
the number of available vehicles increases

Penetration Phases

Phase 2

T Phase 1

Fleet Penetration (%)

201x +5 years +10 years +15 years

Phase 1: Initial Applications
(Information: Something is around there)
Rigorous
security
measures are
not needed.

Phased Introduction of Applications

Phase 1 Focus | Phase 2 Focus|

| | |
Vehicle Control (
Warning

)

201x +5yrs +10yrs+15yrs

e —

- | T
Advisory
Information :‘:j

\

(Control: Supplemental data for automation)

Phase 2: Future Applications \

High-level
security is
preferred.

_/
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Low penetration limits application
functionality in early years

Freeway Driving (10%) Arterial Driving (10%)
Freeway Driving (50%) Arterial Driving (50%)
S

Information-type applications are more appropriate in early years (not “warning”)
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“Advisory” is OK but not "warning’
or “control” under low penetration

Absence of a warning should not result in
unintended interpretation as “safe to go.”

Real Threat

Drivers should receive the same information from a vehicle
system when he/she encounters the same situation.

Warnlng =

Integrated Safety
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DSRC will be added to the systems
that rely on on-board sensors

NCAP | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2020 | 2025
FCW Forward Radar
Forward Collision Warning | | >
LDW Forward Camera
Lane Departure Warning | | >
CiB ? Forward Radar
Crash|mminentBraking Illllllllllllllllllll IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ’
BSM ? Side Radar
Bind SpotMontor | | | mewwwess i e >
Pedestrian ? ‘ ‘ Forward Camera
PedestriancraShAVOidanCe EEEEEENN Illllllllll IIIIIIIII |I IIIIIIIIIIIIIIIII >
4 . . .
. Many vehicles are equipped with on-board sensors
E k Autonomous Dri\_/i_n_g_?>
. DSRC Radi
* DSRC Decision ---SRn TR >

At the time of DSRC introduction, vehicle systems are

US Business Opportunit : )
1S PpoTtUnity designed based on signals from on-board sensors.
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Security is only a piece for assuring
secure operation of vehicle system

Performance Limitation
Detection Distance, Field of View, Performance
Measurement Error, Processing Speed... Improvement

Security Threat
Malicious attack, DOS attack...

f ‘ Security

measures

System-Driver Interaction
Reaction time, false alert, over trust...

Application Design System Malfunction ISO 26262
Human Factors Studies Sensor, ECU, communication... Functional Safety
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V2X Vision - Summary

 \Warning and Control Applications

— DSRC should be used for information- or advisory-type applications in

early years.

« DSRC and On-Board Sensors

— DSRC will be used as supplementary information to on-board sensors.

* |mportance of Infrastructure

— Customers can experience V2| applications regardless of V2V

penetration status.

—
(©o9)

 Value for Customers

100% Activation at DSRC
Equipped Intersections

— DSRC is the key enabler for cooperative driving in the future but V2V
itself cannot create tangible values to our customers in early years.
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V2l deployment fosters V2V deployment
- coordinated initiatives needed -

Congestion Ahead Reduce Stress

Obstacle Road condition sensor
(stopped vehicle)

H EMWarning/Alert
(navigation system screen)
Radio beacon

\ o 4
/ \ o —
/*Stopped vehicle! -
Danger!" (Dinformation provision

(navigation system screen)

/“ahicle stopped ahead ™
Danger!*

Prepare for Future Event B, b
| Smooth parking space A
ﬂ —
S 4 ___A
r r Information Center
Recaives and transmits information

on road conditions, public transit
infarmation and parking lots

T

~~J Receives traffic congestion

* information and takes a )
left-turn detour |' E

Provides departure times

for available trains based
| .~ on estimated time of arrival
J =7 atstation



http://www.toyota-global.com/innovation/intelligent_transport_systems/infrastructure/
http://www.toyota-global.com/innovation/intelligent_transport_systems/infrastructure/
http://www.toyota-global.com/innovation/intelligent_transport_systems/infrastructure/
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Focused and phased introduction is a
realistic path for mass deployment

Top 10 Cars ( = 3.03 million vehicles ) Top 10 Cities ( = 25.4 million people )
F-Series, Silverado, Camry, Altima, Escape, New York, Los Angeles, Chicago, Houston,
Fusion, Ram, Corolla, Accord, Cruze Philadelphia, Phoenix, San Antonio, San

Diego, Dallas, San Jose
CY 2011 New Car Sales: 13 million http://en.wikipedia.org/wiki/List_of United States_cities_by population

Total Registered Cars: 135 million
CY 2011 Toyota Sales: 1.6 million

o
S
o'\
-
&
x
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e
2]
=
N
o
&
>
=

How can we
coordinate vehicle
and infrastructure

deployment?

100 200 300
CY2011 New Car Sales ( x 1,000 units)
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Technologies for V2X services are basically
proven by several government projects

Vehicle Infrastructure Integration (VIl) Proof of Concept (POC) Project
Toyota Test Vehicles

In-Vehicle Signage
Probe

Off-Board
Navigation
Electronic Toll
Collection
GID/SPaT

CICAS-V ITS World Congress California VIl ~ Security
Signal Violation Warning http://www.path.berkeley.edu/Videos/movie02.html

Most policy issues
can be handled by
each OEM
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Green Wave Advisory (V2|) promotes better
driving which achieves better fuel efficiency

How it works

Signal Cycle

X: Time into the Signal Phase

04 Increased the speed and
( went through green

b Lowered the speed and
went through green

Q Adjusted the speed but
caught on red

Signal Phase & Timing

v
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Y
"
.
.
.
R
.
.
.
.
.
.
R
K
K
.
R
R
>

250m e
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How it's measured

—ece)
T

250m —~— — 20m
Y: Amount of Fuel Q> ;nncdre;:rendt::iusgpr??/:lIow
(Duration of Fuel Injection ON, sec) \
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Green Wave Advisory contributed to a 18%
reduction of fuel injection ON time

Less Injection On Time
(approaching to yeIIow or red)

No Green Wave Advisor
(Average = 0.66 sec)
< + I

Green Wave Advisor
(Average = 0.54 sec)

RN
o

Duration of Fuel Injection (sec)
o
@)

Green 12 sec ey
0 5 10 15 20 25 30
Time into the Signal Phase (sec)
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Adaptive Cruise Control improves vehicle &
road efficiency. Can we do more with V2X?

ACC reduces fluctuation of vehicle speed = smoother traffic flow

1800
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Y
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ACC Vehicle Penetration (%)

100

Capacity (vehicle/lane-hour)

ITS Technologies for Ecology
Sadayuki Tsugawa

DENSO Tech Review

Vol.7; No.1, 2002
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Value of Infrastructure - Summary

* |Infrastructure for V2| Services
« Critical for providing V2X values to customers

* V2| Opportunities

 Information from infrastructure can be used to
improve the comfort and efficiency of driving.

 Focused and Phased Introduction

« Start small (but big enough) to create cooperative
transportation systems to gain customer buy-in.
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Thank You!

Toyota Demonstration at ITS World Congress in New York

Hideki Hada (1-734-995-9381, hideki.hada@tema.toyota.com)

Additional Information on Toyota Websites

ITS: http://www.toyota-global.com/innovation/intelligent_transport_systems/
Safety: http://www.toyota-global.com/innovation/safety technology quality/safety_technology/
Jobs: https://tmm.taleo.net/careersection/10020/jobsearch.ftl?lang=en

Integrated Safety
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Start with a pseudo-CA. Each OEM
installs predefined certificates.

Certificate Business Agreements on Certificate
: Early Certificate .
Public Key Management Public Key
Va.“d'ty Date .....l.....-.--Ill---“‘ Valldlty Date

CA Signature CA Signature

Message, Signature, Certificate

Public Key
Validity Date
CA Signature

Public Key
Validity Date
CA Signature

Sign Message with a Private Key Verify certificate with CA public key
These early vehicles (phase 1) will not be able to use future control-type Verify message with public key
applications. Control applications will be realized only with newer vehicles .

(phase 2) with better security mechanism. Ve I'Ify On Demand

Integrated Safety
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Vehicle systems have not fully utilized the
data from transportation infrastructure (yet)

Adaptive Signal Control Construction Zone Safety = Variable Speed Limit
FHWA Public Road FHWA
http://www.fhwa.dot.gov/everydaycounts/technology/adsc/ (http://www.fhwa.dot.gov/pLLJJb|ilcc::atigr?s/spubIicroads/OGjan/O3.cfm/) (http://safety.fhwa.dot.gov/speedmgt/vslimits/)

Vehicle Efforts
+

Infrastructure Efforts

_ _ Integrated Systems
HOT Lane Highway Surveillance

Public Roads MDOT
http://www.fhwa.dot.gov/publications/publicroads/09mar/04.cfm  (http://mdotnetpublic.state.mi.us/drive/cameraviewer.aspx?ref=cv&)

Is there a win-win situation for both vehicle systems and infrastructure systems?




