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Pete K. Rahn
Saoretary

Maryland Department of Transportation
The Secretary's Office

December 19, 2016

The Honorable Anthony Foxx

Secretary

United States Department of Transportation
1200 Mew Jersey Avenue, Southeast
Washington DLC. 20500

Dear Secretary Foxx:

The Maryland Department of Transportation (MDOT) is pleased to submit an application to
designate the Interstate 95 (1-95) Highway Corridor as an Automated Vehicle Proving Ground in
Maryland per the U5, Department of Transporiation’s Solicitation of Proposals for Designation
of Automated Vehicle Proving Grounds Pilot (Docket Number DOT-0ST-2016-0233). Highly
autonomous vehicles (HAV) are developing quickly and we are looking ahead into the future 1o
toster the innovation and implementation of HAV technology by taking the necessary steps o
prepare for these vehicles operating within our state and the mega-region,

Maryland is a vital part of the 1-95 corridor and is currently a hub of HAV technology research
and development. So far, Maryland is home to incubation and development of private sector
HAV companies with potential for a lead role in manufaciuring.  Additionally, Marvland is also
home to a concentration of strong academic partnerships to support continued advancement
through University of Maryland and Johns Hopkins University Applied Physics Laboratory.

The testing of HAV technology now has become crucial to keep up with the rapid developments
in the automotive industry which is set to release high level automated vehicles to the public in
the next several years. The [-95 corridor in Maryland includes significant Maryland
Transportation Authority assets such as the Fort McHenry Tunnel. and as Chairman of the
Authority, I believe this designation will allow MDOT to leverage public and private sector
investments already made throughout the length of the corridor.

My telephone number is 410-865-1000
Toll Free Number 1-888-713-1414 TTY Users Call Via MD Relay
7201 Corporate Center Drive, Hanowver, Maryland 21076

Page | i





Maryland’s Automated Vehicle Research & Production Corridor
Application for DOT-OST-2016-0233, Designation of Automated Vehicle Proving Grounds Pilot

The Honorable Anthony Foxx
Page Two

Thank you for your consideration of this proposal. Should you have any questions or concemns,
please contact Nicole Katsikides, Deputy Director, Office of Planning and Preliminary
Engineering, Maryland State Highway Administration at 410-343-53511, or email at
nkatsikides@shastate.md.us. Ms, Katsikides will be happy to assist you.

Sincerely,

I_,_.
M
|
1

|

\'\ - __ - |\ a
Pete K. Rahn
Secretary

Enclosure

ce: Ms, Nicole Katsikides, Deputy Director, Office of Planning and Preliminary Engineering,
SHA
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Introduction

The Maryland Department of Transportation (MDOT) proposes Maryland’s Automated Vehicle (AV)
Research and Production Corridor (Corridor) for federal proving ground designation. The Corridor
provides a “one stop shop” for innovation, testing and real world integration of automated vehicles. Our
region is already rich with existing AV testing and hardware/software development, related AV cyber
innovation, connected vehicle (CV) testing, and proposed manufacturing sites for CV and AV technology.
The Corridor combines the wealth of expertise concentrated in the corridor with closed-loop facilities and
designated testing sites on public infrastructure for real-world testing in a diversity of scenarios including
intermodal freight and passenger operations.

Aberdeen
Proving

Baltimore
o
Port of Baltimore

0

&S5 |

) © BWI Airport Maryland DOT’s

" ot Mo 3 Automated Vehicle

Lville e

)Uf" ¢ R Research &
Production Corridor

Bethesda élniveraity of
Maryland
x * Closed-Loop Facilities
Washmgton + Public Roadways

* Highways, Toll Roads, & Arterials
* Transit Services

Figure 1: MDOT's AV Research and Production Corridor, See Appendix A and D for more detail.

A key component to Maryland’s Corridor proposal is the strong partnership for data sharing, best
practices, advancements and partnerships that currently exists through MDOT’s existing Autonomous and
Connected Vehicle Working Group (AVCV Working Group) and partnerships with the University of
Maryland Center for Advanced Transportation Technology Lab (CATT Lab) and 1-95 Corridor Coalition (I-
95 CC). The AVCV Working Group is a mix of public, academic, and private sector stakeholders and experts
through which MDOT leverages ongoing technology research and development, AV partnerships for best
practices and data sharing, and a diversity of public infrastructure testing scenarios, including intermodal,
military and freight operations. And the CATT Lab has been a pioneer in collecting, analyzing, visualizing
and sharing data through the use of its Regional Integrated Transportation Information System (RITIS),
which has become a staple for interagency collaboration not just in Maryland, not just within the 1-95 CC,
but in other locations nationwide. RITIS is supported by a range of partners and resources currently
active in the CV and AV realm and will be used to support the Corridor, see appendix H for more detail.
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With expertise and a strong sense of governance and coordination, MDOT’s Corridor is uniquely suited
for development and implementation of new technologies and applications, facilitating data sharing and
analysis, stimulating local production, and contributing substantially to the national body of knowledge
and Community of Practice. More importantly, the Corridor includes private sector AV companies located
within its boundaries who have already committed to or are planning testing of AV technology on closed
loop and public infrastructure - we come to the table with an initial list of partners already lined up.

MDOT’s Concept: Automated Vehicle Research and Production Corridor

Maryland’s proposal takes advantage of existing development, testing, partnerships, and investment in
AV technology currently concentrated along I-95 corridor. The Corridor is not just one interstate, 1-95. It
is a broad location that includes multiple roadways and facilities for diverse testing opportunities, as well
as a strong data sharing, safety oversight, and technology acceleration components through formal,
structured coordination with subject matter experts.

One Stop Shop — Development, Testing, and Production

Maryland proposes the AV designation along the 1-95 corridor from the Aberdeen Proving Ground region
just north of Baltimore, to the Fort Meade and University of Maryland region in the Washington, D.C.
metropolitan area. Maryland’s proposed corridor is a “one stop shop” for the development, testing, and
implementation of AV technology and provides the environment for AV to go from inception to
implementation and manufacturing using established facilities and expertise.

Several private sector entities in this corridor are already working with major domestic and foreign
automakers to develop AV hardware and software components, many in the level 3 to 5 range of HAV
implementation. Others are advancing to manufacturing for defense and commercial products and have
had success in supporting AV technology in marine and naval defense applications for some time now.

Testing is already underway on private and defense-related closed course properties. For example, the
Federal Highway Administration (FHWA), Aberdeen Proving Ground’s (APG) Army Research Lab (ARL), and
private sector businesses are currently testing CV and AV technology on the APG vehicle testing facility.
FHWA is also outfitting other facilities such as the Federal Law Enforcement Training Center (FLETC) along
the Corridor for testing. The Maryland Center for Entrepreneurship (MCE) and Gateway facilities in
Columbia are currently supporting incubation and testing of AV cyber components. Additionally, MDOT
has a strong history of safe and high tech testing of connected vehicle (CV) components on closed course
areas like the Crofton Capitol Raceway in the corridor and on public infrastructure.

In addition to these closed-course settings, MDOT has designated specific sections of public infrastructure
in the Corridor for AV testing including I-95, US 1 and others, as well as the Port of Baltimore and Baltimore
Washington International Thurgood Marshall Airport (BWI) for AV use in operations testing.

MDOT's Corridor provides:

o Foundation of Public and Private Sector AV Expertise and Partnership - There is currently a
concentration of AV applications from defense-related activities at APG and related cybersecurity
expertise at Fort Meade to national academic leadership in AV.
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o Formal Collaboration is in Place - The corridor has an established partnership and governance
structure to foster collaboration through MDOT’s AVCV Working Group of public and private
sector stakeholders.

o Niche Opportunities for Intermodal Freight and Passenger Operations- The Corridor includes
unique opportunities for intermodal freight and passenger AV testing. This includes port,
intermodal and distribution center activity, as well as a passenger links to MARC Commuter Rail,
Amtrak, other mass transit and parking. MDOT is currently having initial dialogue with Corridor-
based companies to test AV with airport operations.

o Maryland DOT Expertise and Success in ITS, CV and AV - Maryland has demonstrated expertise
in ITS, CV and AV technology testing and implementation and has several highly coordinated
functions engaged in advancing this technology with proven adherence to safety and data
collaboration.

The I-95 Corridor in Maryland is a corridor of national significance that presents numerous transportation
scenarios and challenges - a transportation operations engineer’s dream come true — where AV can be
tested comprehensively. Key highlights include:

5 major North/South Routes 8 major East/West Connecting routes
235 State-Operated Signal. Interchange Major, Post Panamax Port
International Airport National Security Assets
Congressional Visibility Major Retail Distribution Centers

Multimodal Transit Options

The Corridor is the transportation backbone of the fourth largest marketplace in the U.S., and the
epicenter of a $4.7 trillion economy (40% of US GDP) and 28% of all U.S. exports. At its southern tip is the
global center of political influence (Washington, D.C.). To the north is the port city of Baltimore where in
2014, 29.5 million tons of international cargo worth over $52 billion crossed its docks. The port is directly
linked to 108,000 jobs in Maryland, and it set the record for highest number of vehicles among all US ports
for the fourth consecutive year. To the east is Annapolis, the state Capital of Maryland and the home of
the U.S. Naval Academy and military operations.

Without improvements, it can also be a nightmare for freight, commuters, and other travelers. Mean
travel times to work within the Corridor counties are higher than in the rest of MD, D.C., and Northern VA
combined. Congestion along the corridor continues cost motorists $1.185 Billion. Combined with existing
AV development at military installations, private sector facilities, and academic campuses, MDOT's
Corridor provides ample, diverse scenarios for public sector simulated environment and real world testing
— true one stop shopping for AV development. It is also primed for the manufacturing of AV component
technology, which is planned within the next two years.

MDOT’s Tiers for AV Development to Manufacturing

Maryland has identified a three-tiered approach to fostering AV technology development, testing and
deployment in the proposed corridor.

Tier | —Relies on existing development & testing occurring at Aberdeen Proving Ground, Maryland

Center for Entrepreneurship, private companies and academia. It provides for development and
testing in closed course and simulated environments that are highly controlled.
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Tier Il — Relies on MDOT-owned public facilities to test both in a simulated environment and real
world experience. It is supported by MDOT’s CVAV experts to ensure safety and high levels of
data sharing.

Tier lll — Relies on existing private sector efforts combined with public sector resources and
infrastructure to support the rapid manufacturing of software and hardware components that is
beginning to occur in the region.

These tiers and the wealth of existing AV activity within the corridor are described below.

TIER I: DEVELOPMENT AND SIMULATED ENVIRONMENT (CONTROLLED, CLOSED COURSE)

Tier | facilities are existing facilities, as well as several proposed or facilities in development, that are
currently used and will be used for AV development and simulated environment testing. These are

facilities and companies where prototypes and analytics are built and tested under controlled conditions
prior to testing and deployment in a real-world environment. These include:

Army Research Lab Maryland Center for Entrepreneurship
Private Industry University of Maryland (UMD)

UMD Autonomous Vehicle Lab UMD CATT LAB

Johns Hopkins Applied Physics Lab Morgan State University

Maryland Cybersecurity Center National Transportation Center

Army Research Lab Vehicle Technology Directorate

At the northern terminus of the corridor, APG is leading technological advancements through work at the
Army Research Lab (ARL) Vehicle Technology Directorate (VTD). The ARL accommodates numerous
private sector tests of AV technology, as well as CV and AV testing currently being conducted by FHWA,
which uses the APG facility due to its advanced vehicle testing infrastructure. Numerous private sector
partners in the APG area support work at the ARL. MDOT is currently engaged in initial, information
sharing with APG ARL and FHWA about testing. For more information on specific work in the VTD,
Autonomous Systems Division (ASD), please see Appendix C.

The Maryland Center for Entrepreneurship (MCE)

In the central region of the Corridor, the Maryland Center for Entrepreneurship (MCE) is an incubator of
AV technology and Maryland businesses currently excelling in the AV sphere. The MCE, an initiative of
the Howard County Economic Development Authority, leverages its position in the heart of the Baltimore-
Washington metropolitan corridor to deliver best in class resources and services. The MCE provides a
robust, interactive community of innovators, entrepreneurs, investors and advisors collaborating to
successfully ignite  innovation and  launch  high-growth, technology-based companies in
an entrepreneurial ecosystem abundant with resources. Through MCE’s Innovation Catalyst Program
(iCAT), AV entrepreneurs are already working with the MCE, and MCE is supporting AV development and
testing currently with broader scope planned in spring 2017.

University of Maryland

Located at the southern end of the corridor, the University of Maryland (UMD) is a national leader in the
development of transportation technology. MDOT partners with UMD for its Intelligent Transportation
Systems (ITS) and data sharing platforms, as well as for research and advancing of ITS systems and
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concepts. UMD is supporting AV work within the corridor through its Autonomous Vehicle Laboratory,
Center for Advanced Transportation Technology Laboratory, Maryland Cyber Security Center, and
National Transportation Center.

Autonomous Vehicle Laboratory

The Autonomous Vehicle Laboratory (AVL) is a facility in the University of Maryland Department
of Aerospace Engineering. The AVL educates students studying for BS, MS, and PhD degrees in the
multi-disciplinary area of biologically inspired autonomous robotics. The AVL also pursues applied
research, especially in the prototype development of biologically inspired autonomous vehicles
for civilian and military applications. The ALV facilities have unigue capabilities including rapid-
prototyping facilities for microsystem fabrication and development and a marker-based visual
tracking system that provides direct measurements of vehicle position and orientation for system
identification and real-time feedback.

Center for Advanced Transportation Technology Laboratory

The CATT Lab is the largest transportation data analytics and situational awareness applied R&D
laboratory in the world—amassing over 1-trillion transportation data points every single day from
hundreds of public and private sector systems. The lab is staffed by an interdisciplinary group of
100+ engineers, software developers, researchers and students with diverse transportation
operations, planning, research, and applied/real-world technology skillsets. The Lab develops
innovative technology deployments and user-centered design of software and information
visualization systems. These systems and their data are used by nearly 10,000 transportation
professionals, the military, leading private sector firms like Google/WAZE, GM, INRIX, TomTom,
and HERE, plus millions of travelers. The work spans many disciplines including Intelligent
Transportation Systems, Automated Vehicles, law enforcement, network security, private
business, defense and homeland security. CATT Lab staff are experts in database management
systems, big-data technologies like Hadoop, standards, geospatial data management, data
processing optimization, and information visualization.

MDOT will leverage the CATT Lab’s data and analytical applications to support data sharing and
performance metrics for AV testing. Because of the CATT Lab’s national reach and big-data
systems, data collected within our Corridor can be shared in real-time with 3™ parties around the
country (with appropriate agreements in advance that recognize and respect intellectual property
and proprietary systems). Archived data will also be made available in various analytics tools to
help researchers and developers understand the implications of connected and autonomous
vehicle technologies while testing various hypothesis. Leveraging nearly S40M in prior
investments, the Lab’s data platform could also be made available to other proving grounds
around the country—saving significant resources and providing enhanced data and analytics
capabilities to tens of thousands of interested parties.

Maryland Cybersecurity Center

The Maryland Cybersecurity Center (MC2), created in late 2010, is an academic center on the
University of Maryland campus that brings together faculty, researchers, and students working in
the field of cybersecurity from several schools and departments across campus. Their proximity
to the nation’s capital enables close interaction with federal agencies, and their location in the
Maryland-DC-Virginia region - one of the leading areas in the country for cybersecurity innovation
and job growth - makes MC2 an ideal place for technology development and partnerships with
industry. MC2, along with CATT and the National Transportation Center at UMD, are currently
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working with the Ford Motor Company through a strategic partnership agreement on data
analytics and cybersecurity related to Autonomous Vehicles. As a result, an AV cybersecurity lab
has already been established for testing on real-world vehicles.

National Transportation Center at the University of Maryland (NTC@Maryland)

NTC@Maryland is one of only five National University Transportation Centers that were selected
by US DOT in a 2013 nationwide competition and the only one with a focus on the strategic goal
of “Economic Competitiveness.” NTC@Maryland focuses on research, education, and technology
transfer activities that can lead to (1) freight efficiency and reliability; (2) congestion mitigation
with multi-modal strategies; and (3) national level investment and policy analysis. In the
Autonomous Vehicle research area, NTC@Maryland is a leader in studying the impact of AV

technology and deployment on travel behavior, traffic flows, and economic development.

Johns Hopkins Applied Physics Lab

The Johns Hopkins University Applied Physics Laboratory (APL) is engaged in supporting military systems
development for automated technology. Significant advancements are occurring at APL, as well as within
the cyber realm. For example, work at APL terrestrial operating domain provides certain advantages as
well as particular challenges in comparison to other domains. Perhaps the most visible ground autonomy
work in the DoD today is being done by DARPA as part of the Army’s Future Combat System. This work
has again focused on vehicle design (the Unmanned Ground Combat Vehicle program) and off-road
navigation, sensing, and mobility (the Perception for Off-road Robotics program).

Support Institutions
The following are three academic centers currently providing support to AV research and testing, and that
would be key in supporting testing as technology develops.

National Transportation Center at Morgan State University

The National Transportation Center (NTC) at Morgan State University advances U.S. technology and
expertise in transportation, research, and technology transfer, focusing on transportation as a key to
human and economic development. The NTC's current areas of research focus are transportation and
traffic modeling, safety, economics and equity, transportation funding, and infrastructure's effect on
aquatic life. The NTC also works to increase the number of minorities and women working in the
transportation field. A key research area for NTC staff is automated technology.

Cyber Security Academy at University of Maryland Baltimore County (UMBC)

Cyber expertise is critical for AV software development in the Corridor. UMBC Training Centers'
Cybersecurity Academy provides highly focused skills training to address the cyber workforce needs of
the Government and the commercial sector. Cybersecurity Academy courses and certificate programs
combine multiple skills training and hands-on problem solving guided by expert instructors to create
high-impact learning. The skills mastered in these programs prepare participants with immediate, on-
the-job effectiveness to tackle real-world situations.

Towson University Center for Geographic Information Systems (GIS)

The Center for GIS (CGIS) is a professional organization staffed by highly qualified technologists
dedicated to empowering government, businesses, and non-profits by making GIS technology accessible
through innovative geospatial solutions including geospatial data development and analysis, application
design and development, GIS integration, and GIS training. In our continuing efforts to promote
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collaboration and coordination in the state of Maryland, Towson University works closely with
Maryland’s Geographic Information Office to support state agencies GIS activities and Maryland State
Geographic Information Committee (MSGIC), working with MSGIC on several National Spatial Data
Infrastructure Cooperative Agreement Program. MDOT already works with CGIS and will rely on their
expertise to support geospatial analytical support of AV testing (mapping) in the Corridor.

Private Sector

MDOT is already in communication with several companies such as Battelle, Steer Tech, Local Motors, and
Marine Applied Physics Corporation who are working in the AV space within the Corridor. Below are
descriptions of some of the private sector firms in the corridor. See Appendix | for details.

Local Motors (https://localmotors.com): Local Motors (“LM”) is a technology company that has
decentralized and simplified the development, production, and commercialization of vehicles and has
created the world’s first 3D-printed vehicle, the Strati, and the world’s first cognitive self-driving
shuttle, Olli. The Olli uses over 30 sensors to enable L4/L5 automation and the advanced cognitive
computing capabilities of IBM Watsons to allow direct interaction between riders and Olli. They are
a member of the MDOT AVCV Working Group.

Tower Sec, Columbia, MD: TowerSec was a pioneer provider of Cyber Security solutions to the automotive
industry developed in Howard County along the 1-95 Corridor. In January 2016, HARMAN International
Industries acquired TowerSec to form HARMAN's Automotive Cyber Security Business Unit, part of
the company's Connected Car division.

STEER Tech, Columbia, MD: STEER Tech is focused on building the next generation software and
technology that will be driving future vehicles and is a member of the AVCV Working Group.

Robotic Research, LLC, Gaithersburg, MD (www.roboticresearch.com): Robotic Research, LLC is a small
engineering firm committed to finding innovative, cost-effective solutions in the areas of robotics,
intelligent control, sensor processing and specialized computer programming. Robotic Research
engineers design, develop, and test state-of-the-art autonomous mobility software.
https://mdbiznews.commerce.maryland.gov/2011/09/a-i-the-future-of-defense/

Maritime Applied Physics Corporation (MAPC), Baltimore, MD, (www.mapcorp.com): MAPC has been
at the forefront of the burgeoning field of unmanned vehicles for many years, ever since they
helped prove the concept for the US Navy with the unmanned hydrofoil. Since then, they have done
the same with surface vessels, personal watercraft, ground vehicles, and sailboats.

General Dynamics, Annapolis Junction, MD, (www.generaldynamics.com): Development and testing
of autonomous technology. http://www.generaldynamics.com/news/press-
releases/2010/05/general-dynamics-robotic-systems-completes-successful-autonomous

Battelle, Aberdeen, MD, (www.battelle.org): Battelle is well positioned to leverage its current
capabilities by bringing their experience in CV research and development, AV Human Factors
expertise, software development and prototype development and testing to Maryland's 1-95
corridor.
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TIER II: REAL WORLD

Once initial development has been tested and evaluated in laboratories and on closed-circuit tracks, the
next logical step is to begin evaluating CV and AV technologies in “real world” conditions. How will the
technology function in the vicinity of non-CV/AV vehicles? Are there specific applications that can be
tested on current roadways? How will the systems interface with the infrastructure? Will weather and
pavement conditions impact the functionality? There are a number of use case studies that will need to
occur in a semi-controlled environment (compared with a completely controlled environment of the
laboratory) and Maryland’s Automated Vehicle Research and Production Corridor provides the ideal
variety of locations and conditions to continue that journey from development to production.

A key element of our approach is that we’re not offering just one facility - just one location. There are a
number of different locations along the Corridor that provide different functional and environmental
conditions to suit whatever test situation is being pursued. While the list of facilities can and will likely
increase throughout the life of the effort, an initial list of facilities includes the following:

Interstate 95

This access controlled highway features an incredible variety of potential conditions that can be
evaluated. At its northernmost end of the Corridor I-95 is a tolled facility, featuring electronic toll
collection technology compatible with large segments of the country (“E-ZPass®”). Close proximity to
APG provides the opportunity to move to and from Tier | and Tier |l testing simultaneously, and the
Express Toll Lane segment just south of APG provides the opportunity for more controlled testing within
certain time frames and limitations. A robust ITS infrastructure already exists along this northern
section of roadway with CCTV and speed detection in place, connected to an existing fiber-optic
backhaul telecommunication network capable of growing and evolving with the introduction of DSRC
infrastructure. Parallel major arterials in the northern section include US 1 and US 40, which provide an
opportunity to consider Integrated Corridor Management use case studies - with many of the signalized
intersections already capable of centralized communication and enhancements.

At the southern end of the Corridor, I-95 not only features close proximity to Ft. Meade and the University
of Maryland also features a robust ITS infrastructure and parallel major arterials US 1 and US 29. Interstate
95 is attractive as a test corridor for another very important reason: it is the lifeline of economic activity
along the entire East Coast of the United States. Stretching more than 1,900 miles from Florida to Maine,
this highway carries more than 35% of the nation’s vehicle miles traveled on a daily basis and 5.3 billion
tons of freight annually. As an original member of the 1-95 Corridor Coalition, Maryland actively
participates in data sharing and knowledge transfer alongside 34 other State DOT’s and toll authorities.
Utilizing the corridor in Maryland is akin to gaining access to the corridor from Florida to Maine.

Major Arterial Roadways

In the northern portions of the Automated Vehicle Research and Production Corridor there are several
major arterial roadways controlled by MDOT'’s State Highway Administration (SHA). Parallel to I-95 there
is US 1 and US 40, and connecting all three is MD 24 and several others. The SHA already has
telecommunication connectivity to a majority of signalized intersections in this area, and has replaced
most of the signal controllers with state-of-the-art 2070 open architecture controllers (Econolite ASC/3)
operated by Centracs software. Econolite is an active partner with the SHA and has expressed interest in
testing some of its latest Cobalt controllers in the state which could provide more immediate access to
signal phase and timing data.
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In the southern portions of the Corridor, US 1 and US 29 are parallel to 1-95 and provide access to a number
of business, industry, and academic institutions including our key partners University of Maryland and
Johns Hopkins Applied Physics Lab. Connecting all three are several arterial and limited access freeways,
including MD 32 which runs right through Fort Meade. A majority of the signalized intersections in this
portion of the Corridor also feature telecommunication connectivity and upgraded signal controllers. In
addition, the SHA is preparing to implement a next-generation deployment along US 1 between MD 175
and I-195 that will feature fiber-optic backhaul connectivity, arterial CCTV and detection installation, and
next generation Econolite controllers capable of providing Signal Phase and Timing (SPaT) and map data
at the cabinet. The installation of Dedicated Short Range Communications (DSRC) for CV testing is also
being considered as part of this deployment area, which is intended to become a blueprint for other future
arterial upgrades statewide.

Other Corridor Roadways
In addition to 1-95, there are other access-controlled highways in the corridor that would be made
available as part of the Proving Ground resource menu including:

e [-195 that links several major North/South roads to the Thurgood Marshall Baltimore Washington
International Airport, a hub for passenger and freight movement along the corridor;

e MD 100 that provides a unique East/West linkage between business, manufacturing, and
residential locations in Anne Arundel and Howard Counties in the middle of the corridor;

e MD 200/Intercounty Connector, an ETC-only toll facilities that links 1-95 to the high tech corridor
and business interests along 1-270 and the western portions of the state;

Port of Baltimore and Freight Operations Testing

The Corridor is a nationally critical freight corridor. The Port of Baltimore handled 32 million tons of
cargo valued at $51 billion in 2015. It is also linked to 127,000 jobs in Maryland and handles more autos
and farm and construction machinery than any other U.S. port instead of just cars.

With the Port of Baltimore’s strength in goods movement, as well as the 1-95 corridor offering many
intermodal and major s : '
warehouse/distribution facilities, the B
opportunity to test freight AV in a
variety of scenarios and obstacles is
available. MDOT, MDTA and MDOT
Maryland Port Administration (MPA)
will support AV truck testing at Port
facilities as part of this designation.

e - - - e 8 TS

Pending approval from homeland
security entities for port access and any
private operators, the Port of Baltimore
is pleased to offer a real-world freight
AV testing scenario for both in and out truck operations, as well as drayage opportunities. The port
provides a ready opportunity for this emerging technology to test and implement freight operations. The
mid-Atlantic region is home to one of the most critical truck parking problems in the nation, as well as
major driver shortage and congestion/delay issues for the trucking community. Testing and use of AV
technology would address these major challenges and could lead to efficiencies in freight movement.

Figure 2: Port of Baltimore and Adjacent Intermodal
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In addition to Port testing, the potential for AV truck testing exists along the Corridor due to a
concentration of major retail warehouse and distribution facilities, truck parking facilities, and intermodal
connections to Class | freight railroads. MDOT will explore these opportunities as AV truck technology
develops.

Intermodal Passenger Testing at BWI
BWI is a major international and intermodal airport that services the Baltimore Washington Metropolitan
Region. It has an average of 65,000 passengers a day and over 23 million commercial passengers every
year, as well as significant military troop movement support. Some of the top airlines serving BWI are
Southwest, American, Delta, United and Spirit with international carriers including Air Canada, British
Airways, Condor and Norwegian. There are over 15 nonstop international destinations. BWI’s excellent
intermodal connectivity provides ample opportunities for AV testing. Figure 3 demonstrates the
numerous parking and intermodal facilities as well as the traffic areas for the airport that are open for
testing. BWI’s shuttle system is an excellent opportunity that MDOT is already considering for AV
technology and plans to test in the near future. Private sector partners have already inquired about the
use of BWI for testing of CV & AV
technology. There are a variety of AV
opportunities MDOT’s Maryland Aviation
Administration (MAA) is interested in -
supporting from shuttle operations to =51 A
parking to potential AV truck and air cargo - -
opportunities. BWI is highly intermodal in
that it is linked to the major 1-95 Corridor
directly, has linkages to Amtrak’s
Northeast Corridor, MDOT's MARC
Commuter Rail, MDOT’s light rail system,
and a robust system of commuter buses
and regional bus systems.

1701

Additional Opportunities and Locations
MDOT is currently working with a number
of private, academic and public testing
facilities to arrange CV and AV testing such
as the Maryland Public Law Enforcement Figure 3: BWI Airport Operations Area

Training Center, which offers a mock urban

environment scenario, as well as other simulated environment facilities. Additionally, Howard County’s
Ellicott City and, Columbia and the Baltimore Regional Transportation Board (BRTB) (Baltimore regional
Metropolitan Planning Organization (MPO) plan to partner with MDOT for downtown and urban testing
scenarios. Resources available include:

ﬁ‘

© tight Reil srops
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1. Federal Law Enforcement Training Center (FLETC)(Cheltenham, MD): FLETC is already being used by
the Army and FHWA for AV testing and is a 2.2 mile driver training range, including skid control, NEVO,
highway response and urban grid.

2. Maryland Police and Correctional Training Commissions Public Safety Education and Training Center
(Sykesville, MD): This facility provides mock city and traffic scenarios for testing.

3. Race tracks (i.e. Crofton Capitol Raceway): These facilities are currently used by the Maryland
Transportation Authority for testing.
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4. Howard County Gateway Facility: This facility is available immediately to support AV testing and has
testing planned in next few months. It will allow for a variety of testing scenarios such as parking and
other low speed operations.

5. Ellicott City and Columbia in Howard County: The County has proposed real world and semi-closed
AV testing of downtown, mixed use atmosphere in partnership with its downtown development
efforts.

6. Baltimore Metropolitan Planning Region/ BRTB: The BRTB is an advanced, high tech planning agency
and a partner in MDOT's data sharing, ITS and CV testing and implementation. BRTB is supportive of
urban scenario testing, mostly within Baltimore City but also throughout the Corridor as BRTB
represents most of the jurisdictions along the Corridor.

7. Additional Opportunities: MDOT will continue to develop additional partnerships and testing
opportunities throughout the Corridor. At the time of this application, several ideas were presented
and are in discussion but are too new to include. These options include use of private development
property in the Corridor and other state-owned infrastructure.

TIER Ill: CURRENT AND POTENTIAL MANUFACTURING

Completing the flow from the development to testing to manufacturing, our Corridor approach includes
a robust industrialized environment that is attractive to a number of entities looking to test their AV
technology. Sixty percent of Maryland’s manufacturers are advanced — producing high-mix, low volume,
high technology products. Using advanced materials, processes and machinery, companies develop
heavily engineered, customized products such as sensors, unmanned and autonomous systems, medical
devices, electronics and capital equipment.

Manufacturing of AV equipment is certainly an emerging area for Maryland, and Maryland is perfectly
situated to support goods movement, workforce development and advancements in manufacturing.
Currently, four companies along the corridor are already planning development and manufacturing of AV
components within the next two years. Some of these companies are already developing and
manufacturing AV components for military and marine functions. There are related companies just west
of the corridor in Westminster but operating and testing within the corridor such as at the Port of
Baltimore. Two of these local companies are testing marine AV components and related surface
components in and around the Baltimore Inner Harbor region and have major contracts with the U.S. Navy
and other defense entities. Additionally, manufacturing support entities like the Regional Additive
Manufacturing Partnership of Maryland active within the Corridor is at the ready to support AV growth.

Though some of the manufacturing detail that this corridor would support is proprietary at this time,
Maryland remains committed to continuing to support the advancement of automated business in the
State and, specifically, the testing within the Corridor to advance and build this technology.

CRITERIA FOR DESIGNATION

Designated Safety Officer and Governance Structure

Maryland’s Coordination of AV Testing will be led by a Designated Safety Officer supported by a
strong governance structure that engages technical experts and provides a sharing forum for
stakeholders. Maryland DOT proposes Ms. Nicole Katsikides, Deputy Director, Office of Planning and
Preliminary Engineering, as our Designated Safety Officer and day-to-day Program Manager for the
effort. Her diverse background in planning, freight operations, safety and transportation data and
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analytics was a large reason why MDOT’s State Highway Administration tapped her to lead their internal
efforts for CV/AV.

Ms. Katsikides will draw support from a large pool of resources being made available for this effort by
MDOT. Asthe Program Manager, she will report to an already established MDOT AVCV Working Group,
where policy oversight and resource allocation will be governed. And, she will have a robust set of
technical resources available from MDOT’s AVCV Technical Working Group, which includes a diversity of
expertise that represent engineering, safety, ITS, data management, and other disciplines. Most of
these experts are already active in USDOT projects and forums, especially with the Federal Highway
Administration Offices of Operations and Safety, as well as AASHTO, TRB, ITE, APTA, and ITS America -
further expanding our already strong knowledge and data sharing capabilities A full description of
MDOT’s Designated Safety Officer and program management structure, AVCV Working Group and AVCV
Technical Working Group is included in Appendix F but briefly described below.

MDOT AVCV Working Group

MDOT has a Connected and Automated Vehicle Working Group led by the MDOT Motor Vehicle
Administration Administrator Christine Nizer on behalf of Secretary Pete Rahn. In 2015, Maryland
Transportation Secretary Pete Rahn established the Working Group as the central point of coordination
for the development and deployment of emerging autonomous and connected vehicle technologies in
Maryland. Secretary Rahn also charged this group with being the central point of strategic planning for
MDOT's role with autonomous and connected vehicles. The Working Group includes a diverse group of
transportation stakeholders, including elected officials, state and local agency representatives,
nongovernmental organizations, representatives from the private sector and automotive industry. The
group evaluates the latest research, tracks federal and state laws, policies and programs, and coordinates
with other agencies, organizations and businesses to set the course for the future of automated and
connected vehicles in Maryland. See Appendix F for the full list of current AVCV Working Group members.

MDOT AVCV Technical Working Group

A subgroup of technical representatives from the Working Group will oversee testing permitting, driver
involvement, operations on Maryland owned infrastructure, data sharing and safety. A key element of
the subgroup is to ensure safe procedures at all times on state-owned property, provide safety guidance
for private testing, and negotiate with the testing entity for the safe and value added use of public
infrastructure in return for data sharing and interface with the infrastructure. Maryland is interested in
safety data as a priority but also desires to understand how the vehicle performed on public infrastructure,
mobility data, and any other interface data that can be provided by the testing entity. But we also
recognize there will sometimes be complicated intellectual property and proprietary issues to navigate
through with private sector companies, and having a multi-disciplinary group of experts on this working
group will assist in evaluating various scenarios for future cooperation more efficiently.

With the support of these expert policy and technical resources, Ms. Katsikides will manage the
development and oversight of the overall Proving Ground Safety Management Plan. This plan will lay
out the procedures and guidelines for testing in Maryland, recognizing that flexibility and innovation
must be balanced with a focus on the safety of the practitioners involved as well as any non-participants
given the fact that public roadways and facilities may be employed in testing. Strict adherence to
communication and coordination policies will be required, but measured against the backdrop of
fostering the advancement of concepts and technologies.
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Data Sharing

Data sharing is a central component MDOT’s approach. The collaborative structure is outlined in the
governance of the Corridor, but for advanced data collection, analytics and sharing, MDOT will coordinate
with the global leader, CATT Lab, through the existing RITIS program to integrate testing data from
projects within the Corridor and provide a mechanism for analysis, visualization and sharing. Well over
$35M has already been invested in RITIS by homeland security, FHWA, MPOs, and 20 plus state DOTs.
With significant support from MDOT, RITIS is an automated data sharing, dissemination, and archiving
system that includes many performance measure, dashboard, and visual analytics tools that help agencies
to gain situational awareness, measure performance, and communicate information between agencies
and to the public.

RITIS automatically fuses, translates, and standardizes trillions of data points obtained from hundreds of
agencies in order to provide an enhanced overall view of the transportation network. Participating
agencies are able to view transportation and related emergency management information through
innovative visualizations and use it to improve their operations and emergency preparedness. RITIS also
uses regional standardized data to provide information to third parties, the media, and other traveler
information resources including web sites, paging systems, and 511. Please see Appendix H for full details
on RITIS features.

Proposed Contributions

The strength of the Corridor is that it offers a one stop shop approach to take AV from idea to through
testing and ultimately to production - and that the expertise is here, currently innovating every day, and
can make use of a diverse public infrastructure network for testing a range of scenarios, specifically for
freight and intermodal passenger connections. As stated before — a transportation engineer’s dream!
Concepts can come to life in the corridor, and Maryland public and private sector stakeholders are
cultivating a community of expertise to support growth in AV technology.

MDOT is fully committed to contributing to the Community of Practice. Through MDOT’s Safety Officer,
AVCV Working Group and its established and highly functioning RITIS data sharing mechanism, MDOT can
efficiently and thoroughly collaborate with stakeholders, analyze performance and quickly disseminate
information nationally.

MDOT has strong working relationships with peers in other states, in allied organizations and in the private
sector through participating in the 1-95 CC, American Association of State Highway Transportation Officials
(AASHTO), the American Association of Motor Vehicle Administrators (AAMVA) and Transportation
Research Board (TRB). Partner organizations such as our academic, defense and private sector partners
also participate in the national CV & AV technology dialog and in the sharing of best practices and data.
MDOT’s AV Proving Ground structure will leverage all of these efforts and provide on-point information
sharing, drive participation and ensure that the goals of the USDOT AV Proving Ground designation are
met.

The Corridor includes access to a significant freight corridor and passenger intermodal facility with unique
opportunities for freight and passenger AV testing in a range of scenarios including port operations and
intermodal activities. As noted previously, MDOT offers its port facilities to test AV commercial vehicle
operations in a port environment and BWI’s operations, which are in work to accommodate testing by
current companies in the corridor.
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In_addition, the corridor already has a high level of ITS and CV infrastructure and expertise in place to
support AV development. The Coordinated Highways Action Response Team (CHART) is a joint effort of
MDOT business units Maryland State Highway Administration (SHA) in partnership with the Maryland
Transportation Authority (MDTA) and the Maryland State Police (MSP). Together, they represent the
highway operations element of Maryland’s Transportation Systems Management & Operations (TSM&O0)
Program. CHART blends advanced and innovative technologies with cooperative teamwork among
different agencies in Maryland to provide safer, more efficient operations of the transportation system.
CHART management responds to, anticipates and capitalizes on opportunities for cooperation with a
wider and more diverse group of public agencies and private organizations so as to better fulfill its mission
of: “improving mobility and safety of highway users through the application of ITS technology and
interagency teamwork.” A full description of other MDOT CV/AV activities is in Appendices E and G.

Commitment to Safety

MDOT'’s priority is safety. Through the Corridor's governance structure, any testing on state-owned
facilities will pass a well-vetted permitting process and will identify key officials to participate in the testing
and how the testing will comply with MDOT testing standards. MDOT was already in the process of
identifying the procedures and review for testing on state-owned infrastructure before this solicitation
came out. The AVCV Technical Working Group will identify all necessary safety procedures, signage, law
enforcement, communication and other applications necessary. MDOT has a robust safety program along
with other State partners like Maryland State Police. Additionally, MDOT’s CHART program will provide
its resources to monitor and ensure safety of any testing.

Research, Application and Data Sharing

RITIS is the Corridor’s main outlet for data sharing and analytics described above. In addition, the Corridor
has a demonstrated focus on research and testing at defense facilities such as APG, Fort Meade, academia
and private sector contractors. These innovations have a high level of technology transfer from military
and private sector to civilian applications. MDOT, in particular, has been a leader in research on
transportation data, modeling, ITS and CV solutions.

Advanced Travel Demand Modeling and Simulation Capabilities

MDOT SHA has established itself at the forefront of several nationwide research and innovative project
initiatives. Over the past few years, the agency has developed a cutting edge multi-resolution modeling
system that leverages agency data, private sector data and big data sources to develop advanced behavior
and network models to analyze transportation system performance and supply-demand interactions.

Since 2014, SHA has received $2.3 Million in FHWA Strategic Highway Research Program (SHRP 2)
implementation assistance and other federal grants. Currently, seven active projects are in various stages
of development and implementation phases that advance:

e Transportation Systems Management and Operations (TSM&O)

e  State-of-the-art Maryland Integrated Travel Analysis Modeling Systems

e Performance based Planning and Programming

e  Mobility Performance Management including Integrated Corridor Management (ICM)

e and Active Traffic Management

e  Freight Demand Modeling/ Supply Chain Analysis/ Economic Development at the agency
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The multi-resolution modeling system includes capabilities such as activity-based models, agent based
models and dynamic traffic assignment and enables very detailed analysis of systems. These advanced
modeling systems should serve as a key foundation to understand the implications of a multitude of AV
Proving Ground concepts and implementation ideas, both from a supply and demand side. For example,
simulation models can support analysis at localized test beds, controlled test corridor facilities and
generate necessary performance metrics for evaluation and refinement of technology applications.

Demonstrated Investments

The strength of the designation of this corridor is that the facilities are already in place, are operational,
and many are outfitted or primed with necessary equipment and data sharing systems. No long-term
construction or development of new facilities needs to occur to be operational. MDOT is already
committed to supporting investments in next generation V2I/CV infrastructure and telecommunications
infrastructure to facilitate connectivity along the corridor. And private sector, academic, defense and
other test entities can work through the MDOT permitting process under the auspices of the AV Proving
Ground designation to deploy their own equipment in the public space in return for assurances of safety,
data sharing (safety and mobility) and collaborative efforts that contribute to advancing AV.

Readiness

MDOT is currently organizing its policies and procedures for testing on public roadways and fully expects
these to be in place before January 1, 2018 and for RITIS or other data sharing mechanisms to support
operations at that time. The corridor is already operational and testing is currently being conducted at
private, academic, defense and state facilities. MDTA has successfully tested CV applications along the
Corridor and would apply similar approaches that ensured safety and data sharing to support decision-
making and implementation. MDOT is offering specific state-owned locations within the 1-95 corridor as
well as Port and BWI airport facilities. MDOT will include local agencies and law enforcement in the testing
permitting process and ensure compliance with safety standards and with federal and state laws during
AV testing. Local entities are already participating in the Working Group and may participate in the AVCV
Technical Working Group when reviewing testing requests.

Adherence to Laws, Regulations, and Federal Policy

MDOT has been engaged for several years in national discussions via the American Association of Motor
Vehicle Administrators (AAMVA) to develop analysis of current laws and their applications to HAVs and to
develop best practices that have been, for the most part, included in NHTSA’s Guidelines for HAVs.
Through MDOT’s AVCV Working Group and AVCV Technical Working Group, we continue to work to
identify and address program areas such as operator training, testing and licensing, vehicle registration
and titling, data privacy and security, consumer safety and other areas that are priority aspects in
consideration of the development of HAV technology. MDOT will ensure that testing adheres to state and
local laws, as well as federal guidelines, laws and regulations.

The AVCV Working Group includes representation from Maryland’s State Legislature, including the Chair
of the Motor Vehicle & Transportation Subcommittee, Environment & Transportation Committee in the
House of Delegates. This will ensure connectivity between future policy needs and legislative experts -
and facilitate the development of any needed changes to Maryland law if necessary.

MDOT, the 1-95 Corridor Coalition and the University of Maryland recently held a Summit on Autonomous
Vehicle Regulation and Policy with a focus on state perspectives in May 2016. Maryland will continue
playing a leadership role in the national dialogues on state-level regulation and policy instruments that
can ensure smooth integration of AV technologies into the existing transportation infrastructure system.
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Appendix A — Corridor Facilities for Testing
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Appendix B — AV Research and Production Corridor Resources

Aberdeen Proving Ground Area
e Army Alliance
e Battelle
e Regional Additive Manufacturing Partnership of Maryland
e Chesapeake Science and Security Corridor consortium of local governments (Cecil County,
Baltimore County, Harford County, Baltimore City)
e Harford County Government

Fort Meade Area
e Fort Meade Alliance
e Cybersecurity Consortium
e Maryland Center for Entrepreneurship

Naval AV Development and Surface AV Tech Transfer
e Various private sector AV development ongoing at Baltimore’s Inner Harbor

Private Sector Companies leading AV development in the Corridor (per their websites)
e Maritime Applied Physics Corporation
e LSA Autonomy
e Robotic Research, LLC
e General Dynamics Robotic Systems
e Local Motors
e Steer, Inc.

Academic Resources
e Johns Hopkins Applied Physics Lab (APL) (Aberdeen)
e Morgan State University National Transportation Center (public attitudes to technology)
e University of Maryland Baltimore County Cyber Security Academy
e University of Maryland (AV development, Center for Advanced Transportation Technology
Laboratory research and data sharing, cyber security, partnership with Ford Motor Company,
behavior responses to AV technology at the UMD National Transportation Center)

Government Resources
e Maryland Department of Commerce
e Howard County and Harford County Economic Development Agencies
e Baltimore Regional Transportation Board, Baltimore Metropolitan Council (Baltimore City,
Baltimore County, Harford County, Anne Arundel County, Howard County, Carroll County, and
City of Annapolis)
e Metropolitan Washington Council of Governments (Prince Georges County, Montgomery County)

Additional Resources
e Port of Baltimore
e Baltimore Washington International Thurgood Marshall Airport
e Crofton Capital Raceway
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Federal Law Enforcement Training Center

Maryland Law Enforcement Training Center (Sykesville)

Development Sites along the Corridor available for testing through county economic development
agencies

Columbia Town Center, Ellicott City
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Appendix C - Additional Descriptions of Existing Automated Vehicle

Testing Currently in the Corridor
Army Research Lab, Vehicle Technology Directorate

The U.S. Army Research Laboratory's Vehicle Technology Directorate (VTD) is the principal U.S. Army unit
responsible for the pursuit of mobility-related science and technologies leading to advanced capabilities
and improved reliability for Army air and ground vehicles. VTD leads the ARL Major Laboratory Program
in mobility and the Research, Development and Engineering Command (RDECOM) Technology Focus Team
in mobility and logistics. The technology focus areas within the ARL and RDECOM programs have been
defined as platform, propulsion, intelligent systems and logistics.

The VTD conducts basic and applied research in collaboration with other ARL functions, RDECOM, Navy,
Air Force, academia and industry leaders. Leveraging VTD also research efforts associated with
Collaborative Technology Alliances (CTAs) and Multidisciplinary University Research Initiatives (MURIs).
For example, VTD is actively involved with two CTAs (Robotics and Micro Autonomous System
Technologies), several cooperative agreements, and a unique partnership with the National Aeronautics
and Space Administration (NASA) at the Langley Research Center in Hampton, VA and the Glenn
Research Center in Cleveland, OH.

The VTD operates in three facilities. The main site at Aberdeen Proving Ground, in Aberdeen, Maryland
hosts the directorate offices and focuses on autonomous systems and mechanics research with cross-
cutting interdisciplinary analysis and technology development supported by the recently-formed Vehicle
Applied Research Division. The NASA-Langley site hosts the Mechanics Division aeromechanics field
element, and the NASA-Glenn site is home to the Propulsion Division.

VTD has significant efforts in the development of autonomous system technologies at Aberdeen Proving
Ground involving its Autonomous Systems Division. Specifically, the Intelligent Systems focus area is
associated with the development of autonomous vehicle systems, including autonomous maneuver,
manipulation, and collaborative operations. VTD will work to establish an ARL enterprise approach for
developing an autonomous systems research plan (including inter-directorate contributions to key topical
research areas such as perception, intelligence, and human-robot interaction), and will establish a new
Robotics Collaborative Technology Alliance (CTA) as the previous CTA reaches its conclusion.

Autonomous Systems Division

The Autonomous Systems Division (ASD) supports basic and applied research conducted within ARL,
externally with other government and industrial organizations, and with the Robotics CTA. Within the
Robotics CTA, ARL and its partners have historically conducted research in the areas of perception,
intelligent control and behaviors, and human-machine interaction to enable autonomous ground
platforms that will provide future land combat force with significant new operational capabilities. A new
element will be developed moving forward in that includes research in manipulation. The ASD has internal
research programs focused on autonomous mechanics, intelligent control, and manipulation to develop
increased levels of autonomy for a broad range of mobile platforms, including unmanned aerial vehicles
(UAV), unmanned ground vehicles (UGV), and Microsystems.
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Appendix D — AV Research and Production Corridor Information

The Corridor is centrally located at the crossroads of major multi-modal infrastructure supporting the
nation’s commerce and passenger movement and offers a wealth of testing scenarios along with the
established AV expertise. The State is home to six million people with highly dense urbanized areas and
socio-economic activities in the Baltimore-Washington metropolitan areas. With a combination of
commuter traffic, through traffic and freight movement, the urbanized areas of the State consistently
rank as some of the most congested regions of the nation. Ongoing and projected economic activities in
the State and its close proximity to the District of Columbia (D.C.) and Northern Virginia (VA) present
unique challenges and opportunities. The State is projected to add one million more people by 2040 and
freight activity is projected to double from current levels. The Annual Vehicle Miles of Travel (AVMT) was
relatively flat between 2008 and 2014 but has picked up at a very high rate in the last couple of years with
2015 AVMT exceeding 58 Billion.

. One of the nation’s busiest corridors, halfway between Boston and Atlanta

e 33% of the U.S. population is within an overnight drive of Maryland

o Deep water port with four super post-Panamax cranes

e Access to major defense customers and 18 of the top 25 aerospace companies in the U.S.

o 1st in the % of professional and technical workers

e 4thin concentration of technology jobs (8.6% of private sector workforce)

e Leading K-12 public school system. 1st in nation in student Advanced Placement — 10 years
running
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57 accredited 2 & 4-year colleges & universities
16 community colleges offering continuing education and workforce training
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Appendix E—MDOT SHA’s CHART Program

As Maryland’s real-world application of Transportation Systems Management and Operations (TSM&O),
CHART is focused on the following:

e Monitoring and responding to incidents;

e Disseminating traveler information;

e Monitoring traffic and roadway conditions; and

e Using its systems, communication network, and advanced technology to support related SHA
functions.

The application of ITS technology is especially evident on our State highways through the CHART
Program:

e CHART has access to more than 800 total video feeds available to our Statewide Operations
Center (SOC) operators (from all jurisdictions).

e More than 300 can be manipulated by CHART operations staff. The remaining 500+ are view-
only and owned by other jurisdictions.

e Additionally, CHART recently added advanced cameras on all 74 CHART Emergency Response
Technician (ERT) vehicles that can be controlled remotely from CHART’s SOC and three satellite
Traffic Operations Centers (TOCs).

e The new Governor, Secretary of Transportation, and State Highway Administrator are doubling-
down on operations and advanced technologies. They have also recently approved major
technology enhancements to the CHART operations center.

> : :
) Y » |
The MDOT/SHA/CHART Statewide Operation Center The new collaborative, multi-agency CHART
statewide ops center will be well positioned for
AV technology deployments

In addition to cameras, the CHART infrastructure of devices has grown to include:
e 89 SHA-owned dynamic message signs (DMS’);
e 34 SHA-owned highway advisory radios (HARs);

e 57 SHA-owned weather stations; and
e 315 SHA-owned traffic detection devices.
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CHART plans to install another 80 new cameras over the next two years, which will considerably expand
the visual coverage of Maryland freeways.

CHART also receives speed and driving time data from its partnership with the 1-95 Corridor Coalition
and the University of Maryland through a contract with a private firm. This data coverage is statewide.

Maryland also has a robust 511 traveler’s information service that provides timely, reliable and relevant
traffic, weather, and intermodal information to its users. Travel time information is also displayed on
DMS’ in several locations throughout the state (Baltimore and Washington metropolitan areas and on
the way to the Eastern Shore).
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The Maryland 511 Traveler Information public website Maryland’s Travel-Time-on-DMS
Program

Links

CHART’s Advanced Traffic Management System (ATMS):

e Uses probe data provided by a service (Inrix) as well as state-owned side fired microwave point
detection.

e Isused by more than 36 agencies, including law enforcement, in more than 91 operations
centers.

e Directly polls Automatic Vehicle Location (AVL) of all CHART response vehicles (currently 74)

e Receives a feed of the rest of the SHA vehicles (approximately 2,000) that it uses to populate
responding vehicles to traffic events.

e Since 2012 has more built-in systems intelligence, thus providing decision support to operators
by recommending incident response strategies and nearby infrastructure (e.g., DMS’, HARs, and
cameras) to increase the efficiency of responses by reducing the time needed to prepare a
complete response plan.

e Recently upgraded to allow the system to be configured to automatically activate devices based
on current readings from one or more weather sensors (e.g., ability to display a message on a
DMS, broadcast a message on a HAR).

e In 2014, introduced the Lane Closure Permit (LCP) application, which allows for the
implementation of more comprehensive permitting requirements for almost all lane closures
statewide.
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APPENDIX F—MDOT’s AV Research and Production Corridor Governance

Management of the AV Research and Production Corridor will be supported by a Designated Safety
Officer responsible safety planning, data sharing and coordination of stakeholders in testing. The Safety
Officer is supported by the MDOT AVCV Working Group of public and private sector leaders, as well as
the AVCV Technical Working Group of MDOT engineers, safety officers, analysts, technicians and
planners.

MDOT CV/AV Working Group

Policy Leadership & Executive

CV/AV Technical Working

Technical & Operational

Designated Safety Officer

Nicole Katsikides

[ [ 1
Project Managers & Safety Project Managers & Safety Proiect Managers & Safetv
For Individual Projects For Individual Projects For Individual Projects

Designated Safety Officer

Nicole Katsikides has been nominated by MDOT to serve as the Designated Safety Officer. In this role,
she will bring focus and energy to coordinating, collaborating, and communicating across the spectrum
of stakeholders that could potentially be involved in this effort and ensure a singular voice is in charge of
a diverse set of facilities and test bed locations across the state. She has had success in leading
coalitions and data sharing research programs that will support MDOT’s AV designation. Ms. Katsikides
currently serves as the Deputy Director of MDOT SHA’s Office of Planning and Preliminary Engineering.
In this role, she is Director of the Data Services Engineering Division. Ms. Katsikides has held federal and
state positions in operations, freight (safety, planning, policy and operations), planning and policy, most
recently being in the Office of Operations at Federal Highway Administration before assuming her MDOT
role.

Ms. Katsikides will draw support from a large pool of resources being made available for this effort by the
Maryland DOT. As the Program Manager for this effort she will report to the MDOT AVCV Working Group,
where policy oversight and resource allocation will be governed. And she will have a robust set of
technical resources available from the AVCV Technical Working Group, which includes a diversity of
expertise that represent engineering, safety, ITS, data management, and other disciplines. Most of these
experts are active in USDOT projects and forums, especially with the Federal Highway Administration
Offices of Operations and Safety, as well as AASHTO, TRB, ITE, APTA, and ITS America - ensuring we bring
the state-of-the-practice to our everyday thinking and program management.
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With the support of these expert policy and technical resources, Ms. Katsikides will develop the overall
Proving Ground Safety Management Plan. This plan will lay out the procedures and guidelines for testing
in Maryland, recognizing that flexibility and innovation must be balanced with a focus on the safety of the
practitioners involved as well as any non-participants given the fact that public roadways and facilities
may be employed in testing. Strict adherence to communication and coordination policies will be
required, but measured against the backdrop of fostering the advancement of concepts and technologies.

Our proposed corridor includes a number of different types of roadways and facilities, which we are
confident will make our proving ground designation very attractive to a number of entities looking to test
CV & AV technology. However, it also means multiple test and evaluation projects could be underway at
any given time, at different locations, making it necessary for Ms. Katsikides to delegate individual Project
Managers with safety officer responsibilities to the different efforts. As the overall Safety Officer and
Program Manager she will coordinate with the deputies on a frequent basis ensuring that their individual
projects comply with the overall safety management plan and goals/objectives for the overall MDOT
proving ground program.

For example, the FHWA is currently testing cooperative adaptive cruise control and other CV applications
at the APG. The APG has in turn designated a principal point of contact and safety manager for these
efforts. As we fold APG into the broader corridor and proving ground concept, Ms. Katsikides would call
upon the experience and resources of individuals like this to support specific test and evaluation sites and
activities.

Ms. Katsikides will participate in the Community of Practice regular meetings, in addition to related
industry activities where she can share the lessons learned in governing the evaluation and testing of CV
& AV technology. A self-described “data geek” Ms. Katsikides will also bring a wealth of experience in
making sure performance metrics and non-proprietary data is made readily available to research and
academic entities with an interest in advancing the practice.

Below is the AVCV Working Group Roster, and for more information, visit:
http://www.mva.maryland.gov/safety/Maryland-AC-CV.htm

Name

Organization

Alkhatib, Suhair

Maryland Transit Administration

Averella, Ragina

AAA Mid Atlantic

Beatty, Carol

Secretary of Maryland Department of Disabilities

Beidle, Pam Maryland General Assembly
Beuse, Nat NHTSA /US DOT
Bohle, Matt RWL

Brady, Michael

Maryland State Police

Brown, Chuck

External Affairs Manager, Maryland Motor Vehicle
Administration

Cameron, Ed

Maryland State Police

Campion, Louis

President, Maryland Motor Truck Association

Cavey, Nick

Maryland Insurance Administration

Chaffee, Milton

Maryland Transportation Authority Administrator
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Maryland Transit Administration Administrator

Conrad, Peter G.

AICP, Maryland Department of Planning

Dacey, Phil Maryland Motor Vehicle Administration
DelLuca, Mark Howard County Public Works, Director
Derr, Ray Transportation Research Board

Fisher, Josh

Global Auto Makers

Flanagan, Bob

Maryland General Assembly

Frank, William

Maryland Department of Disabilities

Garcia, David

Secretary, Department of Information Technology

Gelormino, Michael

Maryland State Police

Getty, Laura

MTA, Office of Planning

Gianni, Tom

Maryland Highway Safety Office

Gibson, Renee

Auto Alliance

Halligan, Don

Baltimore Metropolitan Council

Hanratty, Rosanne

Maryland Department of Aging

Harmel, Larry

Executive Director, Maryland Chiefs of Police Association

Herder, Timothy S.

Johns Hopkins University/Applied Physics Laboratory (JHU/APL)

Jackson, Betsy

DolT

Jacobs, Tom

UMD-CATT

Johnson, Curtis

The Secretary's Office

Johnson, Gregory

Maryland State Highway Administration Administrator

Jones, Aaron

Maryland State Highway Administration

Katsikides, Nicole J.

Maryland State Highway Administration, Deputy Director

Keller, Pat

Maryland Transit Administration

Kelly, Helen

MDOT-MVA Driver Services

Knapp, Leslie

Maryland Association of Counties

Knighton, James

Maryland Transit Administration

Kodeck, Ned

MVA Special Counsel

Kramer, Rona

Secretary, Maryland Department of Aging

Kregelka, Joyce

MHSA

Kress, William

Greenfield & Kress, PA

Krimm, Carol

Maryland General Assembly

Kuciemba, Steve

WSP | Parsons Brinckerhoff

Lesh, Matthew

Local Motors

Lewis, Jr., Earl

MDOT, Deputy Secretary

Mansfield, Andrea

Maryland Association of Counties Legislative Director

McDonald, Ed

MDOT Chief of Staff

McGraw, Carrie

Maryland Department of Disabilities

Mehu, Natasha

MACO

Moe, Peter

Maryland Motor Vehicle Administration, Driver Safety Manager
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MDOT-The Secretary’s Office

Mukai, Roxane

Maryland Transportation Authority

Murphy, Heather

MDOT, Director of Planning and Capital Programming

Murray, Donovan

General Manager, Port, Intermodal and Trade Development

Nizer, Christine - Chair

MDOT-MVA Administrator

O'Neill, John

Maryland Transportation Authority

Pallozzi, William

Secretary, Maryland State Police

Parr, Carl

MTA Mobility

Pavlovich, Natasha

PORT SLS&MKT-DIRECTOR'S OFFICE

Porter, Damon

Global Auto Makers

Ports, Jim

Maryland Department of Transportation Deputy Secretary
(Operations)

Quinn, Kevin

Maryland Transit Administration

Rau, Teja

Department of Aging

Redmer, Jr., Al

Maryland Insurance Administration Commissioner

Reigrut, Kevin

MDOT-TSO

Robinson, Melissa

MVA Regulations

Rodriguez, Gregory

Best Best and Krieger Attorneys at Law (BB&K)

Rogers, Deborah

MVA Director of Vehicle Programs

Ross, Andrew

Department of Aging

Russell, Jimmy

Maryland State Police

Russell, Kelly

City of Frederick

Ryan, Paul

Senior Dir. Gov. Relations Association of Global Automakers

Schieke, Nanette

Motor Vehicle Administration

Scullion, Paul

Global Auto Makers

Sharma, Nimisha MDOT - TSO
Sheffield, Tracey MDOT - MVA
Simmons, Doug IMT

Simpson, Burney

Driverless Transportation, Editor

Slater, Greg

State Highway Administration

Sonalker, Anuja

CEO, STEER Tech, LLC

Stanicic, Blaise

Capitol Strategies

Staten, Latoya

Steer Tech

Stitcher, Kevin

Maryland State Police

TeBeest, Randy

Office of Cybersecurity and Aerospace

Tracy, Patrick

Department of Legislative Services

Turner, Colleen

MDOT-TSO

Winick, Robert

Motion Maps, LLC

Woessmen, David

Local Motors

Woo, Richard

State Highway Administration

Xu, Bihui

Maryland Department of Planning
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Sagal, Joseph MDOT-SHA

Zektek, Barbara MACO

Jeffers, Breck Federal Highway Administration, Maryland Division
Schneider, Anna-Maria Industry and Government Relations

Below is the AVCV Technical Working Group Roster and for more information, visit:

Nicole Katsikides, Organizer, Deputy Director of Planning and Engineering, MDOT SHA
Tom Jacobs, Director, UMD CATT Lab

Carole Delion, Team Leader, Travel Forecasting and Analysis, MDOT SHA
Jim Dwyer, Director, Planning and Capital Programming, MPA

Steve Kuciemba, Vice President, Parsons Brinkerhoff

Subrat Mahapatra, Manager, Innovative Planning and Performance Mgt, TSM&O Manager,
MDOT SHA

Nanette Schieke, MDOT MVA

Aaron Jones, Policy and Research, MDOT SHA

Joseph Sagal, Director, MDOT SHA CHART

Ralign Wells, Director of Ground Operations, MDOT MAA

Gregory Slater, Deputy Administrator, MDOT SHA

Richard Woo, Ph.D., Director, Policy

Egua Igbinosun, MDOT SHA CHART

Glenn MclLaughlin, MDOT SHA CHART

Cedric Ward, Director, Office of Traffic and Safety, MDOT SHA

Brian Miller, Director of Operations, Port of Baltimore

Roxane Mukai, Operations Manager, MDOT MDTA

Lt. Jonathan Green, Maryland Transportation Authority Police

John O'Neill, Director, Operations, MDOT MDTA

Peter Moe, Director, Safety, MDOT MVA

Dominic Scurti, Manager, Operations for Port of Baltimore
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Appendix G — Maryland Experience with ITS, CV and AV

Transit

The Maryland Transit Administration sponsored the development of a connected-vehicle application for
Light Rail Trains operating on a traffic signal controlled corridor in Baltimore, MD. The project developed
the pseudo code and tested the CV application in a real-world test bed in a simulated environment,
demonstrating positive benefits for transit operations in terms of a 30-40% reduction in the number of
stops at traffic signals, and a 30-50% reduction traffic signal delays.

State Highway Administration

The Maryland State Highway Administration (SHA) has
progressed  through  the  Transportation  Systems
Management & Operations (TSM&O) planning process and
has a robust multi-disciplinary group in place to handle a
number of new and innovative ideas. MDOT SHA released a
Transportation Systems Management and Operations
(TSM&O) Strategic Implementation Plan that offers an
integrated approach to programmatic optimization of
planning, operations, and maintenance in implementing new
and existing multi-modal systems, services, and projects to
preserve capacity and improve the security, safety, and
reliability of our transportation system. This Strategic
Implementation Plan summarizes a business case for TSM&O;
establishes the mission, vision, goals, objectives and
performance measures for TSM&O within MDOT SHA; and
identifies the strategies and projects required to implement
TSM&O in the areas of leadership/organization, business
processes, tools and data.

MARYLAND TSM&O PROGRAM GOALS

Goal 1. Develop and implement a
sustainable TSM&O Program at SHA

Goal 2. Improve travel time reliability for
both people and freight on both
freeways and arterials.

Goal 3. Develop data- and performance-
driven approaches to support TSME&Q
planning, programming, implementation
and evaluation decisions.

\
J

@
ol

Goal 4. Improve the travelling public’s
experience on Maryland highways by

enabling customers with information

and choices.

Through various objectives and strategies, the TSM&O Plan
calls for leveraging improved technology applications,
develop partnership opportunities to enhance transportation
system reliability, including specific strategies geared towards
CVAV).

As part of a FHWA Integrated Corridor Management (ICM) Pilot, MDOT SHA in coordination with the
Baltimore Metropolitan Council and other stakeholders is developing a Concept of Operations Plan on the
I-95 corridor between the Capital and Baltimore Beltways. The State is also pursuing a $100 Million
Innovative Congestion Management Project on it’s 1-270 corridor that offers some unique partnering
opportunities with the private sector to advance system operations. The agency views these projects and
initiatives playing a symbiotic role to advance AV preparedness on our State, engage private sector,
research centers and customers in solution development.
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As the agency advances various key strategies of the TSM&O Plan such as developing Integrated Freeway/
Arterial master plan, Advanced Traffic Management System capabilities, there are strong collaboration

opportunities with this proposed AV Proving Ground application.

Maryland Transportation Authority

The MDTA, as a transportation lead, has a significant advantage in the development and sharing of
transportation network technology relevant to the AV field. MDTA’s tolled roadway network and
enforcement responsibilities require MDTA staff to manage and operate systems that utilize the
technologies being redeployed in the AV field. For example dedicated short range communications
(DSRC); optical camera recognition (OCR); and laser, radar, lidar and loop (magnetic) detection and
response systems are used within MDTA’s tolling, weather monitoring, control, security, and enforcement
programs. MDTA staff members also operate and maintain cameras, dynamic-message signs, highway
advisory radios, inter-active voice response systems and websites to share information with the agency’s
customers and stakeholders.

In keeping with the USDOTSs desire for designated AV Proving Ground sites to openly share best practices,
MDTA staff and consultants are members of, participate on panels with, present information at
conferences and share technical information through numerous organizations including the
Transportation Research Board (TRB); National Cooperative Highway Research Program (NCHRP);
American Association of State Highway Officials (AASHTO); International Bridge, Tunnel and Turnpike
Association (IBTTA), “E-ZPass” Inter-Agency Group (IAG); National Committee on Uniform Traffic Control
Devices (NCUTCD); American Society of Civil Engineers (ASCE) and Institute of Transportation Engineers
(ITE) to name a few. MDTA's partnership with the University of Maryland (UM) Regional Integrate
Transportation System Information System (RITIS) and the 1-95 Coalition has familiarized staff with the
necessary steps to process collected data into a shared format that can be disseminated to and utilized
by the broader transportation community.

MDTA’s 1-95 Express Toll Lanes (ETL) and Intercounty Connector (ICC)/MD 200 are controlled access
expressways that were built to current design standards and equipped with an extensive suite of sensors
and communication devices (cameras, automated traffic recorders, dynamic message signs, DSRC readers
and more). Both the ETL and ICC are already equipped with the physical infrastructure (overhead gantries)
and continuous fiber optic network capable of supporting additional roadside sensors for testing new
automated vehicle infrastructure devices and vehicles. The ETL and ICC are located near multi-modal
public transportation hubs (White Marsh Park and Ride, Baltimore Travel Plaza and Metro Station), high
volume freight generators/receivers (Port of Baltimore, Amazon Distribution Center) and high volume
community gathering points (malls, schools, libraries) that could be used to stage automated vehicles,
conduct public demonstrations and engage the traveling public in intelligent transportation network
development to support the future of ground transportation in connected and automated vehicles.
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Appendix H - RITIS Features

There are three primary RITIS components: (1) real-time data feeds and data sharing, (2) real-time
situational awareness and decision support tools, and (3) archived data visualization and analysis tools.

Real-Time Data Feeds/APIs

RITIS data feeds are services that provide direct access to real-time incident, event, detector, probe,
weather, transit, connected vehicles (heavy braking, traction control, wiper use, etc.), transit and law
enforcement AVL, SPaT, crowd-sourced incidents, and other data sources including ITS device status. The
RITIS data feeds are designed to facilitate integration of RITIS data back into legacy and third party systems
and for third-party application developers who need access to real-time information for dynamic mobility
applications. The data feeds provide for implementation flexibility both in data format and retrieval
method. The RITIS platform and associated APIs allow each agency to determine which data elements it
wishes to provide in the data feed or maintain secure and secluded from other agencies or the public.

Real-Time Situational Awareness and Decision Support Tools

The RITIS website allows users with appropriate credentials to view all of the real-time RITIS data in a
browser. The website provides users with a dynamic set of visualizations and tools that afford efficient
situational awareness. Authorized users can interact with live events, incidents, weather, sensors, radio
scanners, and other data sources and devices in maps, lists, and other graphics. Users can apply a rich set
of filters, access contact information, and even set up alerts.

| e, |

F/gure 1: Sample screenshot of the RITIS map showing live video, weather, traffic, and incident information.
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Archived Data Analysis Tools

All data within RITIS is archived indefinitely—meaning that no data is ever deemed “too old” to be
removed from user access. A great number of interactive tools have been developed to allow users to
query, analyze, develop reports, divine insights, and derive performance measures from the RITIS archive.
Many of these tools are highly interactive and dynamic. They have been developed with the user in mind
and afford a high degree of freedom to explore the data with minimal training needed. Data within the
archive can also be downloaded and/or exported so that users can perform their own, independent
analysis. These tools can allow users to identify collision hot-spots, analyze queue lengths and traffic
congestion/bottlenecks at specific areas, perform after action reviews, compute user delay cost,
environmental impact, and evaluate the effectiveness of transportation operations strategies. A few
screenshots of these applications are included below.

v

/s

Figure 2: Select examples of interactive analytics from the RITIS platform.

RITIS provides an exceptional platform for data sharing and performance measuring analytical tools that
are used nationally for mobility, safety and traffic data. The University of Maryland is committed to
integrating AV testing data collection, analysis and data sharing capabilities into RITIS.
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Appendix | — Private Sector Success Stories in AV Along the Corridor

Maryland’s Department of Commerce and local economic development agencies have played a key role
in automated technology in Maryland. Read more about Commerce’s efforts here:
http://open.business.maryland.gov/manufacturing/

Some of the companies innovating in AV technology along the Corridor are listed below. Information was
provided directly or is available on their public websites.

Local Motors (provided directly)
https://localmotors.com/

Local Motors (“LM”) is a technology company that has decentralized and simplified the development,
production, and commercialization of vehicles by combining open-source development with flexible,

consumer-facing digital microfactories which engage a significant amount of 3D printing. We believe

that all vehicle manufacturers share an obligation to benefit future generations.

For the past decade, that spirit has driven LM and has resulted in the world’s first 3D-printed vehicle, the
Strati, and the world’s first cognitive self-driving shuttle, Olli. Olli, specifically, represents our ability to
rapidly integrate the latest technology into our vehicles. In this case, over 30 sensors to enable L4/L5
automation along with the advanced cognitive computing capabilities of IBM Watson’s allow direct
interaction between riders and Olli.

Local Motors is pursuing:

e Development and testing of low-speed vehicles in environments that can pave the way for
widespread deployment of HAVs. Olliis quite adaptable in its operation and use, so we are
prepared to work with MDOT, UMD and other partners to obtain approval to test and
deploy Olli in various low-speed environments to validate various use case scenarios at
ports, airports or other simulated environments in Maryland. Olli’s ability to move goods
and parcels as well as shuttling people while operating in potential multi-modal scenarios
provides the opportunity to gather as wide a data set as possible. The ability to gather and
use this data is critical to understanding a safe and meaningful pathway to a future where
HAVs dominate roadways.

e Rapid improvement of vehicles before deployment in development and production
facilities in the State of Maryland. Local Motors’ approach to vehicle commercialization
and deployment is unique among vehicle manufacturers. We work with a community of
creators, partners and consumers to commercialize vehicles rapidly and continuously to
make improvements in real time. Often, we develop a minimal viable product that we test in
the market to better measure and understand demand for locally relevant vehicles.
Specifically, we have established a sales and demonstration facility in National Harbor, MD
which includes a private user experience and demonstration area for vehicle development,
testing, and demonstration that is open to partners and community members. Additionally,
Local Motors has been working closely with various Maryland stakeholders to build a full-
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scale digital Microfactory. This facility will have the ability to develop, build and sell locally
produced vehicles, including Olli and neighborhood electric vehicles.

HAVs and SDVs will be deployed in alternative use cases which will often been different than traditional
vehicles. This issue will become more acute as these new vehicles increasingly play a critical role both in
downtown city (core) areas, as well as becoming an important “connector” in the more suburban areas
where cities continue to struggle to meet rising mass transit demands.

Local Motors is unique among vehicle makers in our open, co-creative approach to rapid design,
development, manufacturing and upgrade of vehicles. In this open spirit, we look forward to
collaborating with MDOT and other industry stakeholders to further the adoption of HAVs and SVDs by
the general public to create safer, smarter and more sustainable public roads for all. We will work to
share relevant vehicle test and safety data amongst relevant stakeholder groups. Local Motors believes
that the future of transportation will be redefined by automated and autonomous vehicles, and we
stand ready to build them.

Tower Sec, Columbia, MD - TowerSec was a pioneer provider of Cyber Security solutions to the
automotive industry developed in Howard County along the 1-95 Corridor. In January 2016, HARMAN
International Industries acquired TowerSec to form HARMAN's Automotive Cyber Security Business Unit,
part of the company's Connected Car division.

Steer, Columbia, MD, STEER is focused on building the next generation technology driving future
vehicles.

Robotic Research, LLC, https://www.roboticresearch.com/, Robotic Research, LLC is a small engineering
firm committed to finding innovative, cost-effective solutions in the areas of robotics, intelligent control,
sensor processing and specialized computer programming. Robotic Research engineers design, develop,
and test state-of-the-art autonomous mobility software.
https://mdbiznews.commerce.maryland.gov/2011/09/a-i-the-future-of-defense/

Maritime Applied Physics Corporation (MAPC), Baltimore, MD, http://www.mapcorp.com/our-
work/unmannedautonomous-vehicles/UNMANNED/AUTONOMOUS VEHICLES MAPC has been at the
forefront of the burgeoning field of unmanned vehicles for many years, ever since they helped prove the
concept for the US Navy with the unmanned hydrofoil. Since then, they have done the same with
surface vessels, personal watercraft, ground vehicles, and sailboats.

General Dynamics, Annapolis Junction, MD, http://www.generaldynamics.com/news/press-
releases/2010/05/general-dynamics-robotic-systems-completes-successful-autonomous Development
and testing of autonomous technology.

Battelle, Aberdeen, MD, http://www.battelle.org/our-work/homeland-security-public-
safety/transportation-services/connected-vehicle-solutions For more than 10 years, Battelle has been
trusted as the lead in development and deployment of numerous large-scale research, network and
security work and application development projects with the U.S. Department of Transportation, NHSTA
and local authorities.
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Appendix J — Letters of Support

The following pages provide letters of support from the stakeholders listed below:

NouswN e

Lo

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.

20.

United States Army Automotive Directorate, Aberdeen Proving Ground

Army Alliance, Aberdeen

Battelle

University of Maryland Center for Advanced Transportation Technology Lab (CATT Lab)
I-95 Corridor Coalition

Baltimore Regional Transportation Board (BRTB)

Delegate Robert Flanagan, Maryland House of Delegates, District 9B, Environment and
Transportation Committee, Former MDOT Secretary

Harford County Executive Barry Glassman

Harford County Economic Development

Howard County Chamber of Commerce

Maryland Motor Truck Association

Parsons Brinkerhoff

Regional Additive Manufacturing Partnership of Maryland

National Capital Region Transportation Planning Board (TPB)

Local Motors

Steer

Senator Wayne Norman, District 35, Harford County Senate Delegation Chair

Maryland Department of Commerce Secretary Gill

Delegate Pamela Beidle, District 32, Anne Arundel Delegation Chairwoman, Environment and
Transportation Committee

Senator Jim Brochin, District 42, Baltimore County, Baltimore County Senate Delegation Chair
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DEPARTMENT OF THE ARMY
U.S. ARMY ABERDEEN TEST CENTER
400 COLLERAN ROAD
ABERDEEN PROVING GROUND, MARYLAND 21005-5059

REPLY TO
ATTENTION OF

Automotive Directorate 19 December 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We would like to take this opportunity to express our interest in the Maryland
Department of Transportation (MDOT) application for the Automated Vehicle (AV)
Proving Ground designation. MDOT is submitting a concept of an AV Development
Pipeline along the 1-95 corridor in Maryland where there is currently significant AV
testing, development and proposed manufacturing of software and hardware
components already in action or in the planning stages.

Maryland’s I-95 corridor is a “one stop shop” for AV technology development. There
are current entrepreneurial entities and advanced testing of level three through five
autonomous technology occurring at facilities along the corridor. There are also strong
public and private partnerships, solidified academic partnerships, and a diversity of
testing and implementation opportunities that would continue the acceleration of this
corridor as a national center for the advancement of AV components. Specifically,
intermodal freight facilities along the corridor are perfect for freight AV applications, and
our intermodal passenger facilities, train stations and airports, offer testing scenarios for
connectivity and parking. Concentrating this corridor as an AV development to
implementation and production center will achieve the federal interest in advancing this
technology and the safety and mobility benefits AV technology will provide.

This designation leverages public and private sector investments already made to
support defense activities at either end of the corridor with U.S. Army Aberdeen Proving
Ground (APG) and the Army Research Lab, which is engaged in autonomous testing, at
one end, and the national cyber technology expertise in the Fort Meade area.

The U.S. Army Aberdeen Test Center (ATC) is located at APG in Harford County,
Maryland and is a Department of Defense (DoD) Major Range and Test Facility Base
(MRTFB). As such, we are resourced with personnel and facilities to support the DoD
mission, other government agencies, and private industry. In our mission, we test a
wide range of military weapons systems, equipment, and materiel including unmanned
ground vehicles. ATC is experienced with connected and automated vehicle testing (up
to highway speeds) on primary and secondary roads and can provide data collection,
reduction, analysis, and visualization for automotive performance data, Vehicle-to-
Vehicle, and Vehicle-to-Infrastructure data.

Printed on@ Recycled Paper





ATC has over 64 km (40 miles) of automotive test courses comprised of interconnecting
paved and unimproved roads on more than 1,335 hectares (3,300 acres) of land. Each
automotive test course and facility is designed to meet particular (military) vehicle test

requirements and are comparable to and in many cases exceed commercial standards.

A designation and participation in the proposed Community of Practice will allow ATC to
share our DoD MRTFB resources with the public and private sectors for advancing
automated vehicle technologies

Sincerely,

LS

Morris L. Bodrick
Colonel, U.S. Army
Commanding





ARMY ALLIANCE

KEEPING OUR FUTURE STRONG

December 19, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We would like to take this opportunity to express our support for the Maryland Department of Transportation
(MDOT) application for the Automated Vehicle (AV) Proving Ground designation. MDOT is submitting a concept
of an AV Development Pipeline along the 1-95 corridor in Maryland where there is currently significant AV testing,
development and proposed manufacturing of software and hardware components already in action or in the
planning stages.

Maryland’s I-95 corridor is a “one stop shop” for AV technology development. There are current entrepreneurial
entities and advanced testing of level three through five autonomous technology occurring at facilities along the
corridor. There are also strong public and private partnerships, solidified academic partnerships, and a diversity
of testing and implementation opportunities that would continue the acceleration of this corridor as a national
center for the advancement of AV components. Specifically, intermodal freight facilities along the corridor are
perfect for freight AV applications, and our intermodal passenger facilities, train stations and airports, offer testing
scenarios for connectivity and parking. Concentrating this corridor as an AV development to implementation and
production center will achieve the federal interest in advancing this technology and the safety and mobility
benefits AV technology will provide.

This designation leverages public and private sector investments already made to support defense activities at
either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which is engaged in
autonomous testing, at one end, and the national cyber technology expertise in the Fort Meade area.

Founded in 1999, the Army Alliance is an advocacy organization whose sole mission is support the sustainment
and growth of Aberdeen Proving Ground (APG), one of Maryland top five employers. ARL, one of APG’s major
tenants, is already conducting and supporting research and development efforts associated with AV’s. APG also
has the Army’s Automotive Technology Evaluation Facility (ATEF).which enables the Department of Defense (DoD)
to effectively, efficiently, and safely conduct high-performance, endurance, and reliability testing on all wheeled
and tracked vehicles, of both manned and un-manned ground platforms. By inherent design, this track doubles
the amount of possible test miles without increasing required test time. The ATEF is part of the Aberdeen Test
Center. Additionally, the Army Alliance is a partner and board member of the Regional Additive Manufacturing
Partner of Maryland (RAMP MD). RAMP MD is collaborating with the Edgewood Chemical and Biological Center
in providing state of the art additive manufacturing capabilities to local entrepreneurs and companies, some of
which are already working in the AV technology space. These are just a couple of the unique assets that are
already available in Maryland to support the AV Proving Ground.

Army Alliance, Inc.
2021 Pulaksi Highway, Suite D « Havre de Grace « MD 21078
410-838-ARMY and 410-273-1187
www.armyalliance.org
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It is for these reasons that the Army Alliance is very excited about continuing to partner with MDOT in supporting
the State’s current and planned AV testing and implementation endeavors and looks forward to the opportunities
that a designation for AV expertise would provide to the region. Maryland is in a unique position with its existing
commercial and government assets to significantly contribute to the future of AV research, development, testing,
and hopefully implementation in the United States. Therefore, on behalf of the Army Alliance, | am pleased to
write this letter of support for the MDOT’s application for the Automated Vehicle (AV) Proving Ground
designation.

Should you have any questions, please feel free to contact me at (410) 273-1187.

Kind regards,

M MLz

Jill MEClune
President
Army Alliance, Inc.

1362 Brass Mill Road « Belcamp, MD 21017 « 443.327.6389 « www.armyalliance.org
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Batielle

The Business of Innovation

December 19, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

The Battelle Memorial Institute would like to express our excitement and support for the Maryland
Department of Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground
designation. The 1-95 Corridor in Maryland is a prime location to expand the significant AV testing and
development already underway, along with the proposed manufacturing of software and hardware
components in development or in planning.

Battelle is well positioned to help MDOT leverage its current capabilities by bringing our wealth of
experience in Connected Vehicle research and development, AV Human Factors expertise, software
development and prototype development and testing to Maryland's 1-95 corridor. Furthermore, as one
of the partners in the USDOT’s Smart Cities Challenge in Columbus, Ohio, we are well positioned to
help transfer knowledge to Maryland’s metropolitan areas. Furthermore, as one of the developers of
several prototype Connected Vehicle applications for the USDOT, we understand the Federal research
imperative and, along with MDOT, can help bring to bear many of the fruits of these promising AV
technologies. Concentrating this corridor as an AV test bed covering development to implementation
and production will achieve the federal interest in advancing this technology and the myriad safety and
mobility benefits AV technology will provide.

This designation will leverage public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab,
which is engaged in autonomous testing, at one end, and the national cyber technology expertise in the
Fort Meade area.

As partners with MDOT in supporting MDOT's AV testing and implementation endeavors, we look
forward to the opportunities that a designation for AV expertise would provide to the region.

Sincerely,
Daniel M. Berler
Leader, Transportation Business Line

1550 Crystal Drive, Suite 601 | Arlington, VA 22202 | 703-413-8866 | solutions@battelle.org | www.battelle.org
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Glenn L. Martin Institute of Technology 5000 College Avenue
A. James Clark School of Engineering 2200 Technology Ventures Building
Department of Civil & Environmental Engineering College Park, Maryland 20742

December 9, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation

Dear Secretary Foxx:

| would like to take this opportunity to express strong support for the Maryland Department of
Transportation’s (MDOT) application for the Automated Vehicle (AV) Proving Ground designation.
MDOT is submitting a concept of an AV Development Pipeline along the 1-95 corridor in Maryland where
there is currently significant AV testing, development and proposed manufacturing of software and
hardware components already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships, solidified
academic partnerships, and a diversity of testing and implementation opportunities that would continue
the acceleration of this corridor as a national center for the advancement of AV components.
Specifically, intermodal freight facilities along the corridor are perfect for freight AV applications, and
our intermodal passenger facilities, train stations and airports, offer testing scenarios for connectivity
and parking. Concentrating this corridor as an AV development to implementation and production
center will achieve the federal interest in advancing this technology and the safety and mobility benefits
AV technology will provide.

The University of Maryland Center for Advanced Transportation Technology (CATT) is committed to
support the Maryland Department of Transportation in developing a “one stop shop” for AV technology
development in the 1-95 Corridor. Specifically, the Center will provide MDOT with the ability to leverage
its nationally renowned laboratory — the CATT Lab — to support AV data archiving, data sharing, data
analytics, and visualization. In addition, CATT will work in coordination with the University’s
Autonomous Vehicle Laboratory, Maryland Cyber Security Center, and National Transportation Center
to provide MDOT a full complement of AV technology research and development resources.

Together, we are partners with MDOT in supporting the State’s current and planned AV testing and
implementation endeavors and look forward to the opportunities that a designation for AV expertise
would provide to the region.

Sincerely,

4/

AN

Thomas H. Jacobs
Director, Center for Advanced Transportation Technology
University of Maryland

www.catt.umd.edu





1-95 CORRIDOR
COALITION

December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

To advance the deployment Automated Vehicle (AV) technology in a safe environment, we strongly support the
Maryland Department of Transportation (MDOT) application for a AV Proving Ground along the 1-95 corridor
because it will pull together key resources and interests to further enhance the AV testing and technological
innovation beginning to occur in this corridor.

Maryland’s proposed AV Proving Ground along the I-95 corridor would create a “one stop shop” for AV
technology development. This “AV Development Pipeline” would weave together advanced testing of level
three through five autonomous technology, strong public and private partnerships, solidified academic
partnerships, and a diversity of testing and implementation opportunities that would advance the manifestation
of the benefits associated with AV technology. Several intermodal freight facilities along the corridor are ideal
for freight AV application testing. In addition, intermodal passenger facilities, train stations and airports located
in the MD 1-95 corridor offer testing scenarios for connectivity and parking. The receipt of a AV Proving Ground
designation would leverage public and private sector investments already being made including the autonomous
testing taking place at Aberdeen Proving Ground and the Army Research Lab and the national cyber technology
expertise in the Fort Meade area.

The application for designation by Maryland not only serves their jurisdiction, but also benefits the entire 1-95
corridor network through shared resources, linking of programs, and multi-agency coordination. Spanning from
Maine to Florida, the I-95 Corridor is vital to our country’s social, economic and environmental fabric. More
than 35% of the nation’s VMT occurs in the 1-95 Corridor including more than 565 million trips annually that are
more than 100 miles. Given the significant passenger and commercial vehicle activity that occurs within the I-
95 corridor, it is vital to develop and test new technologies within this unique and challenging corridor.
Maryland’s advancements in the field of AV technologies, their resources, and their geographic location result
in an ideal candidate for an AV Proving Ground.

For more than two decades, the 1-95 Corridor Coalition has represented over 100 state transportation agencies,
toll authorities, and public safety organizations from Maine to Florida who keep people and goods moving
throughout one of the world’s busiest transportation corridors and who ensure that are members continue to
push innovation. MDOT has been a leader in our organization and their application for an AV Proving Ground
designation along the I-95 corridor is yet another example of how one state’s innovation can benefit many.

Sincerely,

Patricia G. Hendren, PhD, Executive Director
[-95 Corridor Coalition
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December 13, 2016

The Honorable Anthony Foxx, Secretary
U.S. Department of Transportation
1200 New Jersey Avenue, SE
Washington, DC 20590

Dear Secretary Foxx:

The Baltimore Regional Transportation Board (BRTB), the Metropolitan Planning
Organization for the Baltimore region, is pleased to offer its support for the
Maryland Department of Transportation (MDOT) application for the Automated
Vehicle (AV) Proving Ground designation. MDOT is submitting a concept of an
AV Development Pipeline along the 1-95 corridor in Maryland where there is
currently significant AV testing, development and proposed manufacturing of
software and hardware components already in action or in the planning stages.
Maryland’s 1-95 corridor is a “one stop shop” for AV technology development.
There are current entrepreneurial entities and advanced testing of level three
through five autonomous technology occurring at facilities along the corridor.
There are also strong public and private partnerships, solidified academic
partnerships, and a diversity of testing and implementation opportunities that
would continue the acceleration of this corridor as a national center for the
advancement of AV components. Specifically, intermodal freight facilities along
the corridor are perfect for freight AV applications, and our intermodal
passenger facilities, train stations and airports, offer testing scenarios for
connectivity and parking. Concentrating this corridor as an AV development to
implementation and production center will achieve the federal interest in
advancing this technology and the safety and mobility benefits AV technology
will provide.

This designation leverages public and private sector investments already made
to support defense activities at either end of the corridor with Aberdeen Proving
Ground and the Army Research Lab, which is engaged in autonomous testing, at
one end, and the national cyber technology expertise in the Fort Meade area.

The BRTB appreciates your favorable consideration of this application. We are
partners with MDOT in supporting the State’s current and planned AV testing
and implementation endeavors and look forward to the opportunities that a
designation for AV expertise would provide to the region.

Sincerely,

(o R Cratee

Clive Graham, Empowered Chair
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December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

As the former Secretary of Transportation for the State of Maryland (2003-07) and as a State
Delegate from Legislative District 9B, representing Howard County, | would like to take this
opportunity to express my support for the Maryland Department of Transportation (MDOT)
application for the Automated Vehicle (AV) Proving Ground designation. MDOT is submitting a
concept of an AV Development Pipeline along the 1-95 corridor in Maryland where there is
currently significant AV testing, development and proposed manufacturing of software and
hardware components already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are
current entrepreneurial entities and advanced testing of level three through five autonomous
technology occurring at facilities along the corridor. There are also strong public and private
partnerships, solidified academic partnerships, and a diversity of testing and implementation
opportunities that would continue the acceleration of this corridor as a national center for the
advancement of AV components. Specifically, intermodal freight facilities along the corridor are
perfect for freight AV applications, and our intermodal passenger facilities, train stations and
airports, offer testing scenarios for connectivity and parking. Concentrating this corridor as an
AV development to implementation and production center will achieve the federal interest in
advancing this technology and the safety and mobility benefits AV technology will provide.

This designation leverages public and private sector investments already made to support
defense activities at either end of the corridor with Aberdeen Proving Ground and the Army
Research Lab, which is engaged in autonomous testing, at one end, and the national cyber
technology expertise in the Fort Meade area.





Historic Ellicott City is currently undergoing a master planning process that must include
enhanced flood mitigation following a devastating one thousand year flood on July 30, 2016.
This is an organic "live where you work", pedestrian friendly community that preserves nearly
250 years of history. Employing AV technology will add optional strategies that might not
otherwise be practicable or feasible.

I join with MDOT in supporting the State’s current and planned AV testing and implementation
endeavors and look forward to the opportunities that a designation for AV expertise would
provide to the region.

Sincerely,

(RS &

Robert L. Flanagan
Maryland State Delegate
Legislative District 9B — Howard County
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December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Re: Maryland Department of Transportation - Automated Vehicle
Development Pipeline

Dear Secretary Foxx:

I would like to take this opportunity to express our support for the Maryland Department of
Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground
designation. MDOT is submitting a concept of an AV Development Pipeline along the I-95
corridor in Maryland where there is currently significant AV testing, development and proposed
manufacturing of software and hardware components already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are
current entrepreneurial entities and advanced testing of level three through five autonomous
technology occurring at facilities along the corridor. There are also strong public and private
partnerships, solidified academic partnerships, and a diversity of testing and implementation
opportunities that would continue the acceleration of this corridor as a national center for the
advancement of AV components. Specifically, intermodal freight facilities along the corridor are
perfect for freight AV applications, and our intermodal passenger facilities, train stations and
airports, offer testing scenarios for connectivity and parking.

Concentrating this corridor as an AV development to implementation and production center will
achieve the federal interest in advancing this technology and the safety and mobility benefits AV
technology will provide.

MARYLAND’S NEwW CENTER OF OPPORTUNITY

410.638.3350 | 410.879.2038 | TTY Maryland Relay 711 | www.harfordcountymd.gov

220 South Main Street, Bel Air, Maryland 21014
THIS DOCUMENT 1S AVAILABLE IN ALTERNATIVE FORMAT UPON REQUEST





This proposed AV designation leverages public and private sector investments already made to
support military defense activities at either end of the corridor. Aberdeen Proving Ground and
the Army Research Lab are engaged in autonomous testing at one end, and the national cyber
technology expertise in the Fort Meade area at the opposite end. Furthermore, Aberdeen Proving
Ground, which is situated completely within the confines of Harford County, includes the world
renowned Aberdeen Test Center and Munson Vehicle Test Course...famous for their many years
of testing excellence for the Department of Defense.

As County Executive of Harford County, I wanted to express the County’s commitment in
supporting the State of Maryland current and planned AV testing and implementation
endeavors. We look forward to the opportunities that a designation for AV expertise will
provide to the region.

With every good wish, I remain,

Barry Glassman
County Executive

BG/mpm
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December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We would like to take this opportunity to express our support for the Maryland Department of
Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground designation. MDOT
is submitting a concept of an AV Development Pipeline along the 1-95 corridor in Maryland where there is
currently significant AV testing, development and proposed manufacturing of software and hardware
components already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships, solidified
academic partnerships, and a diversity of testing and implementation opportunities that would continue
the acceleration of this corridor as a national center for the advancement of AV components. Specifically,
intermodal freight facilities along the corridor are perfect for freight AV applications, and our intermodal
passenger facilities, train stations and airports, offer testing scenarios for connectivity and parking.
Concentrating this corridor as an AV development to implementation and production center will achieve
the federal interest in advancing this technology and the safety and mobility benefits AV technology will
provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which
is engaged in autonomous testing, at one end, and the national cyber technology expertise in the Fort
Meade area.

Harford County Government and the Harford County Office of Economic Development offers our
strongest support for obtaining this Automated Vehicle Proving Ground designation. Such a designation
will both maximize existing resources and grow new AV opportunities throughout the region. We value
the opportunity to leverage the associated innovative AV technologies to provide greater economic
impact along the corridor and further our efforts in commercialization and technology transfer
opportunities.

MARYLAND’S NEW CENTER OF OPPORTUNITY

410.638.3059 | 410.879.2000 | TTY Maryland Relay 711 | www.harfordcountymd.gov

2021 Pulaski Highway, Suite D, Havre de Grace, MD 21078
THIS DOCUMENT IS AVAILABLE IN ALTERNATIVE FORMAT UPON REQUEST





We are partners with MDOT in supporting the State’s current and planned AV testing and implementation
endeavors and look forward to the opportunities that a designation for AV expertise would provide to the
region.

Sincerely,

S Sy

Steven Overbay
Harford County Government
Deputy Director, Economic Development
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Leonardo McClarty
President/CEO, Howard County Chamber

December 9, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

The Howard County Chamber of Commerce (Chamber) is a business membership organization whose
mission is to provide advocacy, connections, and access to timely information to advance the growth and
success of the business community. One way we fulfill this mission is to advocate for local and regional
community enhancement projects and partner with organizations that seek to promote economic
development and employment opportunities for Howard County businesses and residents.

The Maryland Department of Transportation (MDOT) application for the Automated Vehicle (AV) Proving
Ground designation accomplishes our business and community development endeavors. Subsequently,
we would like to take this opportunity to express our support for the MDOT concept of an AV
Development Pipeline along the 1-95 corridor in Maryland where there is currently significant AV testing,
development and proposed manufacturing of software and hardware components already in action or in
the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships, solidified
academic partnerships, and a diversity of testing and implementation opportunities that would continue
the acceleration of this corridor as a national center for the advancement of AV components. Specifically,
intermodal freight facilities along the corridor are perfect for freight AV applications, and our intermodal
passenger facilities, train stations and airports, offer testing scenarios for connectivity and parking.
Concentrating this corridor as an AV development to implementation and production center will achieve
the federal interest in advancing this technology and the safety and mobility benefits AV technology will
provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which
is engaged in autonomous testing, at one end, and the national cyber technology expertise in the Fort
Meade area.

Howard County Chamber of Commerce
5560 Sterrett Place, Suite 105* Columbia, MD 21044
T: 410-730-4111 * E: Imcclarty@howardchamber.com
www.howardchamber.com
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We are partners with MDOT in supporting the State’s current and planned AV testing and implementation
endeavors and look forward to the opportunities that a designation for AV expertise would provide to the
region.

Sincerely,

st Mech

Leonardo McClarty, CCE
President/CEO, Howard County Chamber of Commerce
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December 14, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

Maryland Motor Truck Association (MMTA) would like to express our support for the Maryland
Department of Transportation’s (MDOT’s) application for the Automated Vehicle (AV) Proving
Ground designation. MDOT is submitting a concept of an AV Development Pipeline along the 1-95
corridor in Maryland where there is currently significant AV testing, development and proposed
manufacturing of software and hardware components already in action or in the planning stages.

Maryland's I-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships,
solidified academic partnerships, and a diversity of testing and implementation opportunities that
would continue the acceleration of this corridor as a national center for the advancement of AV
components. Specifically, intermodal freight facilities along the corridor are perfect for freight AV
applications, and our intermodal passenger facilities, train stations and airports offer testing
scenarios for connectivity and parking. Concentrating this corridor as an AV development to
implementation and production center will achieve the federal interest in advancing this technology
and the safety and mobility benefits AV technology will provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab,
which is engaged in autonomous testing, at one end, and the national cyber technology expertise in
the Fort Meade area.

Autonomous vehicles have tremendous potential to enhance safety, improve efficiency and reduce
congestion — all fundamental to the delivery of freight movement.

We are partners with MDOT in supporting the State’s current and planned AV testing and
implementation endeavors and look forward to the opportunities that a designation for AV expertise
would provide to the region.

Sincerely,

L@— Campion
President & CEO

About Maryland Motor Truck Association: Maryland Motor Truck Association is a non-profit trade
association that has represented the trucking industry since 1935. In service to its 1,100 members,
MMTA is committed to supporting and advocating for a safe, efficient and profitable trucking industry
across all sectors and industry types, regardless of size, domicile or type of operation.

9256 Bendix Road, Suite 203 +« Columbia, MD 21045
(410) 644-4600 - Fax (410) 644-2537
www.mmtanet.com
SERVING MARYLAND’S TRUCKING INDUSTRY SINCE 1935
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December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 205390

Dear Secretary Foxx:

On behalf of WSP | Parsons Brinckerhoff, we would like to express our support for the Maryland Department of
Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground designation. MDOT is
submitting the concept of an AV Development Pipeline along the I-95 corridor in Maryland where there is currently
significant CV & AV testing, development and proposed manufacturing of software and hardware components
already in action or in the planning stages.

We support Maryland’s “one stop shop” approach and count our firm among the many entities that will contribute
as well as benefit from the testing of CV & AV technologies. The presence of so many prestigious academic
institutions, military installations, entrepreneurial business interests, and a well-organized state DOT will result in
a diversity of testing and implementation opportunities that would continue the acceleration of this corridor as a
national center for the advancement of AV components.

This designation leverages public and private sector investments already made to support defense activities at
either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which is engaged in CV &
AV testing at one end, and the national cyber technology expertise in the Fort Meade area at the other end.

Our firm has been actively engaged in the CV & AV space for more than a decade, and we recognize the
indisputable safety benefits that can be achieved through the rapid development and deployment of advanced
transportation technology. We are uniquely positioned to contribute along with other organizations here in the
state in order to ensure MDOT has all the national, regional, and local expertise at their disposal.

We are partners with MDOT in supporting the State’s current and planned AV testing and implementation
endeavors and look forward to the opportunities that a designation for AV expertise would provide to the region.

Sincerely,

e

A ,;;,4/ % %/a/ ;

John D. Pérca;i

President, US Advisory Services
WSP | Parsons Brinckerhoff

Former Assistant Secretary, US Department of Transportation
Former Secretary, Maryland Department of Transportation





Regional Additive Manufacturing Partnership of Maryland © 2021 Pulaski Highway, Suite D, Havre de Grace, MD 21078 * www.rampmd.org

December 13, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We are writing to wholeheartedly support the Maryland Department of Transportation’s (MDOT)
application for the Automated Vehicle (AV) Proving Ground designation. The 1-95 corridor in Maryland,
where there is already a critical mass of capability supporting AV development and testing, will make
the perfect home for the MDOT concept of an AV Development Pipeline.

In many ways, with its entrepreneurial entities and advanced testing of level three through five
autonomous technology, Maryland’s I-95 corridor can be considered a “one stop shop” for AV
technology development. There are in place strong public and private collaborations, proven
partnerships between academia and employers, and many testing and implementation opportunities
to accelerate the development of this corridor as a national center for the advancement of AV
components. Specifically, intermodal freight facilities along the corridor are perfect for freight AV
applications, and our intermodal passenger facilities, train stations and airports, offer testing scenarios
for connectivity and parking. Concentrating this corridor as an AV development to implementation and
production center will achieve the federal interest in advancing this technology and the safety and
mobility benefits AV technology will provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab,
which is engaged in autonomous testing, at one end, and the national cyber technology expertise in
the Fort Meade area.

Our organization, the Regional Additive Manufacturing Partnership of Maryland, is extremely
interested in the future of AV technology and application because the two industries are closely
aligned and integrated. In fact, RAMP MD will be exploring the cross section of additive manufacturing
and automated vehicle and aircraft systems at its annual Symposium. We see a great deal of synergy
with our mission in establishing a formal AV Development pipeline in the 1-95 corridor and look
forward to the opportunities that a designation for AV expertise would provide to the region.
Sincerely,

Rick Decker
Executive Director, RAMP MD

RAMP MD Executive Board: Dave Wheatley, Chair ¢ Harry MacArthur, Vice Chair © Chris Cosgrove, Treasurer © Jill McClune, Secretary





\ National Capital Region
| Transportation Planning Board

December 16, 2016

Mr. Anthony Foxx

Secretary of Transportation

U.S. Department of Transportation
1200 New Jersey Ave, SE
Washington, DC 20590

Dear Secretary Foxx:

| am writing to express the support of the National Capital Region Transportation Planning Board
(TPB), the metropolitan planning organization (MPO) for the National Capital Region, for the Maryland
Department of Transportation’s application for an Automated Vehicle (AV) Proving Grounds Pilot
designation.

The TPB understands that the proposed AV Development Pipeline along the I-95 corridor in Maryland
is already home to a significant cluster of facilities involved in automated vehicle testing and
software development, as well as the potential manufacture of hardware components required by
the automated vehicle industry. As such, Maryland’s |-95 corridor is a “one stop shop” for automated
vehicle technology development. Advanced testing of level three through five autonomous
technologies at facilities along the corridor is ongoing. Strong public and private partnerships, as well
as solidified academic partnerships and a diversity of testing and implementation opportunities will
continue the development of this corridor as a national center for the advancement and
development of automated vehicle systems and components. Intermodal freight facilities along the
corridor provide real world testing opportunities for freight AV applications, while the corridor’s train
stations and airports offer testing scenarios for intermodal passenger connectivity and parking.

Maryland’s I-95 AV Development Pipeline leverages the public and private sector investments
already made in support of defense-related activities at Aberdeen Proving Ground, Fort Meade, and
other locations along the corridor. Designating this corridor an Automated Vehicle Proving Ground
Pilot will further the federal interest of advancing automated vehicle technology in the United States
and realizing its many potential safety and mobility benefits. The application is also consistent with
the TPB’s official Vision document, notably the Vision’s expressed goal to “use the best available
technology to maximize system effectiveness.”

The TPB supports Maryland’s current and planned automated vehicle testing and implementation
endeavors and appreciates your strong consideration of this application.

Sincerely,

(_jm’(?‘?’ (ﬂ“&m—u

Timothy Lovain
Chair, National Capital Region
Transportation Planning Board

cc: Ms. Nicole Katsikides, Maryland State Highway Administration

METROPOLITAN WASHINGTON COUNCIL OF GOVERNMENTS
777 NORTH CAPITOL STREET NE, SUITE 300, WASHINGTON, DC 20002 MWCOG.ORG/TPB (202) 962-3200





December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

Local Motors (“LM”) would like to take this opportunity to express our support for the Maryland
Department of Transportation (MDOT) application for the Automated Vehicle (AV) Proving
Ground designation. MDOT is submitting a concept of an AV Development Pipeline along the
[-95 corridor in Maryland where there is currently significant AV testing, development and
proposed manufacturing of software and hardware components in process or in the planning
stages. In addition, Local Motors is working with local stakeholders to bring vehicle
manufacturing and production to the state.

Maryland’s 1-95 corridor is a “one-stop shop” for AV technology development, testing and
deployment. Currently, advanced testing of Level 3 through Level 5 autonomous technology is
occurring at facilities along the 1-95 corridor. There are also strong public and private
partnerships, solidified academic partnerships, and a diversity of testing and implementation
opportunities that would continue the acceleration of the -95 corridor as a center of excellence
in the advancement of AV components, systems and vehicles.

We were pleased to respond to the National Highway Traffic Safety Administration’s (“NHTSA”)
September 2016 Federal Automated Vehicles Policy by providing our perspective on Highly
Automated Vehicles (“HAVs”) and Self-Driving Vehicle (“SDV”) systems. NHTSA'’s proposed
policy and guidance reflects an important evolution for America’s roadways as they face
increased use of HAV and SDV systems. Now that U.S. DOT has iterated on this issue to create
a network of certified proving grounds for HAVs around the country across multiple
environments and uses case, LM will contribute to Maryland’s submission in a public-private
partnership to:

- Develop and test low-speed vehicles in environments that can pave the way for
deployment of HAVs
Low-speed autonomous vehicles are poised to provide the most meaningful and safe
applications within transportation. We will have a focus on multi-passenger vehicles and

LOCAL MOTORS
151 St. George Blvd.
Oxon Hill, MD 20745
+1(301) 375 1360





parcel delivery vehicles that can operate in both fixed-route and on-demand
environments.

- Test and continuously improve vehicles before deployment

LM’s approach to vehicle commercialization and deployment is uniqgue among vehicle
manufacturers. We work with a community of creators, partners and consumers to
commercialize vehicles rapidly and continuously make improvements in real time. Often,
we develop a minimal viable product that we test in the market to better measure and
understand demand for locally relevant vehicles. This approach enables the rapid
integration of the latest technology as HAVs and SDVs continue to expand into the
commercial and consumer markets. It also enables us to quickly iterate on the data we
capture in real-time and apply those lessons in vehicle improvements and upgrades.

- Better understand required updates to vehicle classifications

HAVs and SDVs will be deployed in different use cases than traditional vehicles, so we
will work with our local partners to also consider the implications on vehicle classification
and FMVSS generally. The proliferation of HAVs and their operation in low-speed
environments will create meaningful new classes of vehicles. This issue will become
more acute as these new vehicles increasingly play a critical role both in downtown city
(core) areas, as well as becoming an important “connector” in the more suburban areas
where cities continue to struggle to meet rising mass transit demands.

Collaborating with all stakeholders

LM is uniqgue among vehicle makers in our open, co-creative, approach to rapid design,
development, manufacturing and upgrade of vehicles. In this open spirit, we look forward to
collaborating with Maryland and other industry stakeholders to further the adoption of HAVs and
SDVs by the general public to create safer, smarter and more sustainable public roads for all.
Local Motors believes that the future of transportation will be redefined by automated and
autonomous vehicles, and we stand ready to build and support hem.

We are partners with MDOT in supporting the state’s current and planned AV testing and
implementation endeavors and sit on the Maryland Motor Vehicle Administrator's AV/CV
Working Group. We look forward to the opportunities that an Automated Vehicle Proving
Ground designation and expertise would provide to our region.

Sincerely,

7
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David Woessner
General Manager - Greater Washington D.C. Region

LOCAL MOTORS
151 St. George Blvd.
Oxon Hill, MD 20745
+1(301) 375 1360
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December 9, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We would like to take this opportunity to express our support for the Maryland Department
of Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground
designation. MDOT is submitting a concept of an AV Development Pipeline along the [-95
corridor in Maryland where there is currently significant AV testing, development and
proposed manufacturing of software and hardware components already in action or in the
planning stages.

As you are aware AV technology requires both simulated and rigorous real world testing.
Maryland’s I-95 corridor as proposed by MDOT represents an ideal, highly diverse AV
technology development and testing environment. This diversity includes but is not limited
to highway, inner city road, signaled and non-signaled intersections, parking, urban smart
city centers, airports, train stations and multimodal transportation hand off points (rail to
road to air). Aberdeen Proving Grounds (APG) flanks this proposed corridor in the north
and private sector entrepreneurial companies and Universities in the south. This diversity
allows everyone from military establishments, AV freight, commercial fleet vehicle and
passenger car, traffic management, and AV component companies to accelerate
development through realistic testing.

The Maryland I-95 corridor is one of a handful of sites nation-wide qualified to present all of
the above cases under diverse climatic conditions. There cannot be a more holistic yet
sectionable ecosystem. It will also be a “one stop shop” for real world monitoring and
exercises the national transportation infrastructure readiness to handle the scale,
sophistication and incident response capability that a mass scale AV deployment would
bring. It also would allow the State and the federal government to closely monitor and
prepare for mixed-use scenarios (partial AV, fully AV and non-AV vehicles).

STEER is focused on building automated driving applications that are truly driverless,
situationally robust and cyber hardened and catalyze the adoption of automated technology
at the mass-market level. We believe that Maryland’s progressive history of innovation,
access to the nation’s most arterial inter state transportation routes and modes, strong






urban cores and diverse workforce is ripe for development and early geo-fenced
deployment of highly automated vehicles. STEER is currently working with MDOT,
supporting academic and public private partnerships, and leveraging our cyber security and
transportation background to support the state to lead the nation in developing the next
generation transportation system that is intelligent, connected, automated and cyber
robust.

The MDOT I-95 Corridor Autonomous Vehicle Proving Ground Designation will leverage the
State’s infrastructure investment and the wealth of private sector activity supporting
federal institutions to spur growth in mobility, enhance urban and smart growth planning,
and transform the technology workforce and overall economics in the state.

We are partners with MDOT in supporting the State’s current and planned AV testing and
implementation endeavors and their highly inspiring vision for the future of urban mobility
and look forward to the opportunities that a designation for AV expertise would provide to
the us and the greater region.

Please do not hesitate to call upon us if you wish to see the promising results of this
partnership as we move forward in reshaping the transportation landscape together.

Sincerely,

Anuja Sonalkér, Ph.D
Founder, CEO

% STEER

10840 Guilford Rd, Suite 401-402 9250 Bendix Rd. #235
Annapolis Junction, MD 20701 Columbia, MD 21045
0.+1 240-787-8000 0.+1 240-568-7985

F. +1 240-787-8888
C.+1 240-426-8731

anuja@steer-tech.com
www.steer-tech.com






WAYNE NOoRMAN
Legislative District 35
Harford and Cecil Counties

All Mail To: Annapolis Office

James Senate Office Building
11 Bladen Street, Room 315
Annapolis, Maryland 21401
410-841-3603 - 301-858-3603

800-492-7122 Ext. 3603
Fax 410-841-3115 - 301-858-3115
Wayne.Norman@senate.state.md.us

Judicial Proceedings Committee

Joint Committee on Legislative Ethics

THE SENATE OF MARYLAND Harford District Office
A P O. Box 692
NNAPOLIS, MARYLAND 21401 Churchville, Maryland 21028

December 13, 2016

410-734-6471 - Fax 410-734-6472

The Honorable Anthony Foxx, Secretary

United States Department of Transportation Cecil District Office
1200 New Jersey Avenue, Southeast 64 South Main Street
Port Deposit, Maryland 21908

Washington, D.C. 20590 410-378-2718

Dear Secretary Foxx:

| would like to take this opportunity to express my support for the Maryland Department of Transportation
(MDOT) application for the Automated Vehicle (AV) Proving Ground designation. MDOT is submitting a
concept of an AV Development Pipeline along the 1-95 corridor in Maryland where there is currently
significant AV testing, development and proposed manufacturing of software and hardware components

already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships, solidified
academic partnerships, and a diversity of testing and implementation opportunities that would continue
the acceleration of this corridor as a national center for the advancement of AV components. Specifically,
intermodal freight facilities along the corridor are perfect for freight AV applications, and our intermodal
passenger facilities, train stations and airports, offer testing scenarios for connectivity and parking.
Concentrating this corridor as an AV development to implementation and production center will achieve
the federal interest in advancing this technology and the safety and mobility benefits AV technology will

provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which
is engaged in autonomous testing, at one end, and the national cyber technology expertise in the Fort
Meade area.

As the Chairman of the Harford County Senate Delegation, | join with MDOT in supporting the State’s
current and planned AV testing and implementation endeavors and look forward to the opportunities that
a designation for AV expertise would provide to the region.

Sincerely,
Lo AL e
Wayne N an

Maryland Btate Senator, District 35 (Harford & Cecil Counties)
Chairman, Harford County Senate Delegation





Larry Hogan | Governor
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M a ryl a nd Boyd Rutherford | Lt. Governor

R. Michael Gill | Secretary of Commerce
DEPARTMENT OF COMMERCE Benjamin H. Wu | Deputy Secretary of Commerce

December 16, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

We would like to take this opportunity to express our support for the Maryland Department of
Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground designation. MDOT
is submitting a concept of an AV Development Pipeline along the I-95 corridor in Maryland where there is
currently significant AV testing, development and proposed manufacturing of software and hardware
components already in action or in the planning stages.

Maryland’s 1-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology occurring
at facilities along the corridor. There are also strong public and private partnerships, solidified academic
partnerships, and a diversity of testing and implementation opportunities that would continue the
acceleration of this corridor as a national center for the advancement of AV components. Specifically,
intermodal freight facilities along the corridor are perfect for freight AV applications, and our intermodal
passenger facilities, train stations and airports, offer testing scenarios for connectivity and parking.
Concentrating this corridor as an AV development to implementation and production center will achieve
the federal interest in advancing this technology and the safety and mobility benefits AV technology will
provide.

This designation leverages public and private sector investments already made to support defense activities
at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab, which is engaged
in autonomous testing, at one end, and the national cyber technology expertise in the Fort Meade area.

We are partners with MDOT in supporting the State’s current and planned AV testing and implementation
endeavors and look forward to the opportunities that a designation for AV expertise would provide to the
region,

Sincerel

R. Michael Gi
Secretary of Commerce

World Trade Center | 401 East Pratt Street | Baltimore, MD 21202 | 410-767-6300 | 888-246 6736
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December 14, 2016

and Transportation

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

| would like to take this opportunity to express support for the Maryland Department of Transportation (MDOT)
application for the Automated Vehicle (AV) Proving Ground designation. MDOT is submitting a concept of an AV
Development Pipeline along the 1-95 corridor in Maryland where there is currently significant AV testing, development
and proposed manufacturing of software and hardware components already in action or in the planning stages.

Maryland’s |-95 corridor is a “one stop shop” for AV technology development. There are current entrepreneurial entities
and advanced testing of level three through five autonomous technology occurring at facilities along the corridor. There
are also strong public and private partnerships, solidified academic partnerships, and a diversity of testing and
implementation opportunities that would continue the acceleration of this corridor as a national center for the
advancement of AV components. Specifically, intermodal freight facilities along the corridor are perfect for freight AV
applications, and our intermodal passenger facilities, train stations and airports, offer testing scenarios for connectivity
and parking. Concentrating this corridor as an AV development to implementation and production center will achieve the
federal interest in advancing this technology and the safety and mobility benefits AV technology will provide.

This designation leverages public and private sector investments already made to support defense activities at either end
of the corridor with Aberdeen Proving Ground and the Army Research Lab, which is engaged in autonomous testing, at
one end, and the national cyber technology expertise in the Fort Meade area.

The area | represent is the home to many technology companies that this designation would benefit. We are a
transportation cross roads, with direct access to BWI Marshall Airport, the Port of Baltimore, and 1-95, and we have many
technology agencies and contractors.

As the Chairwoman of the Anne Arundel County House Delegation, | join with MDOT in supporting the State’s current and
planned AV testing and implementation endeavors and look forward to the opportunities that a designation for AV
expertise would provide to the region.

Sincerely,

Pamela G. Beidle
Maryland State Delegate, District 32, Anne Arundel County
Chairman, Anne Arundel County House Delegation
Environment & Transportation Committee,

Transportation Sub- Committee Chairman





JamEs BROCHIN Annapolis Office
Legislative District 42 James Senate Office Building

Baltimore County 11 Bladen Street, Room 221
’ Annapolis, Maryland 21401
410-841-3648 - 301-858-3648

Judicial Proceedings Committee

800-492-7122 Ext. 3648

District Qﬁh‘(’

Executive Nominations Committee

Joint Committee on Legislative Ethics o -
Beltway Professional Building

- THE SENAIE OF MARYLAND 1134 York Road, Suite 200
Chair ANNAPOLIS, MARYLAND 21401 Lutherville-Timonium, Maryland 21093
Baltimore County Senate Delegation 410-823-7087

December 13, 2016

The Honorable Anthony Foxx, Secretary
United States Department of Transportation
1200 New Jersey Avenue, Southeast
Washington, D.C. 20590

Dear Secretary Foxx:

I would like to take this opportunity to express my support for the Maryland Department of
Transportation (MDOT) application for the Automated Vehicle (AV) Proving Ground designation.
MDOT is submitting a concept of an AV Development Pipeline along the 1-95 corridor in Maryland
where there is currently significant AV testing, development and proposed manufacturing of software
and hardware components already in action or in the planning stages.

Maryland’s I-95 corridor is a “one stop shop” for AV technology development. There are current
entrepreneurial entities and advanced testing of level three through five autonomous technology
occurring at facilities along the corridor. There are also strong public and private partnerships,
solidified academic partnerships, and a diversity of testing and implementation opportunities that would
continue the acceleration of this corridor as a national center for the advancement of AV components.
Specifically, intermodal freight facilities along the corridor are perfect for freight AV applications, and
our intermodal passenger facilities, train stations and airports, offer testing scenarios for connectivity
and parking. Concentrating this corridor as an AV development to implementation and production
center will achieve the federal interest in advancing this technology and the safety and mobility benefits
AV technology will provide.

This designation leverages public and private sector investments already made to support defense
activities at either end of the corridor with Aberdeen Proving Ground and the Army Research Lab,
which is engaged in autonomous testing, at one end, and the national cyber technology expertise in the
Fort Meade area. As such, and as the Chairman of the Baltimore County Senate Delegation, | join with
MDOT in supporting the State’s current and planned AV testing and implementation endeavors and
look forward to the opportunities that a designation for AV expertise would provide to the region.

nator James Brochin
42" |egislative District
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California AutoTech Testing and Development Center

Solicitation:  Proposals for Designation of Automated Vehicle Proving Grounds Pilot
Docket # DOT-0ST-2016-0233

Submitted by
Merced County, California

University of California Berkeley, Partners for Advanced Transportation Technology
University of Southern California, Center for Advanced Automotive Technology
Carnegie Mellon University, Traffic21 Institute

University of California Merced, School of Engineering

Port of Los Angeles

Global Logistics Development Partners | GLDPartners

Strategic Advice From

Stanford University — Center for Automotive Research
Faraday Future
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Project Name
California AutoTech Testing and Development Center

Asset Owner
Merced County, California
Castle Airport / Mid-California International Trade District

Owner Contact Information
Adam Wasserman adam@gldpartners.com 623 341 1383
Mark Hendrickson mhendrickson@co.merced.ca.us 209 628 6147

Project Partners
e Merced County Government (local government and asset owner)
e Univ of Cal Berkeley - Partners for Advanced Transportation Technology (research institution)
e Univ of Southern California — Advanced Transportation Technologies Center (research institution)
e Carnegie Mellon University — Traffic21 Institute (research institution)
e University of California Merced (research institution)
e Port of Los Angeles (global trade and logistics)
e GLDPartners (investment project management)
Project Advisors:
= Stanford University, Center for Automotive Research, Stephen Zoepf, Dir. (research institution)
= Faraday Future, Dr. Jan Becker, Senior Director Automated Driving (vehicle manufacturer),
Lecturer Automated Driving Stanford University (research institution)
Onsite Operating Tenant:
=  Google/Waymo
Support Letters From:
=  Merced County Board of Supervisors
= Secretary, California State Transportation Agency (on behalf of DMV, CalTrans)
= California Governor’s Office of Business and Economic Development
= California State Senator Anthony Canella
= Univ of Cal Berkeley - Partners for Advanced Transportation
= Carnegie Mellon University

About the Project’s Partners

Merced County — Merced County is a political subdivision of California and is governed by an elected five
member Board of Supervisors. The County provides an array of services ranging from and including law
enforcement, transportation, elections, property assessment, tax collection, public health, health care,
social services, libraries, flood control, fire protection, agricultural regulations, building inspections and
education. Merced County is located directly east of San Jose and is in the San Joaquin Valley (also known
as the Central Valley). As of the most recent United States Census, the County’s population was 255,793
and the total area of the county is approximately 1980 square miles. The County owns the site of the
project which has been known as the Castle Airport. A previous Strategic Air Command Air Force Base,
Castle Airport occupies about 2000 acres of land. Merced County has developed plans for and is
implementing an investment strategy for a large-scale $1B public-private partnership that will contain 8M
square feet of testing, technology and manufacturing space.

Main Contact: Mark Hendrickson, Director of Merced County Department of Community and Economic
Development and Director of Castle Airport/Development Project

2|Page
California AutoTech Testing and Development Center
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California Partners for Advanced Transportation Technology (PATH) A research and development program
of the University of California, Berkeley, PATH has been a leader in Intelligent Transportation Systems
research since its founding in 1986. In collaboration with the California Department of Transportation
(Caltrans), administered by the university’s Institute of Transportation Studies (ITS), PATH is a multi-
disciplinary program with staff, faculty, and students from universities worldwide and cooperative
projects with private industry, state and local agencies, and nonprofit institutions. The organization bring
together deep expertise in both research and deployment and is redefining the concept of “intelligent
transportation systems” to meet the realities of the Information Age. PATH’s mission is to develop
solutions that address the challenges of California’s surface transportation systems through advanced
ideas and technologies and with a focus on greater deployment of those solutions throughout California.
Main Contact: Dr. Steven Shladlover, PATH Program Manager for Mobility. Dr. Shladlover was one of the
pioneers in the creation of the ITS program in the US and is internationally renowned for more than forty
years of research on road vehicle automation, with a particular emphasis on cooperative and connected
vehicle automation systems. Dr. Shladover’s work is widely recognized internationally, and he has held
many leadership positions in professional organizations. He chaired the TRB ITS Committee from 2004-
2010 and the TRB Committee on Vehicle-Highway Automation since 2013. He chaired the ASME Dynamic
Systems and Control Division (DSCD) in 1995-6 and has been leading the US delegation to 1SO
TC204/WG14, developing international standards for vehicle-roadway warning and control systems for
the past 23 years. He is on the editorial advisory boards of the leading journals in intelligent transportation
systems, Transportation Research Part C, Journal of Intelligent Transportation Systems and IET Intelligent
Transport Systems.

USC Center for Advanced Transportation Technology (CATT) The USC Center for Advanced Transportation
Technology (CATT) is the focal point for intelligent transportation systems with emphasis on intelligent
vehicle technologies at the University of Southern California. Established in 1991 and directed by Petros
loannou, Professor of the Department of Electrical Engineering, Systems and Director of the Center.
CATT's mission is to perform high-impact research on vehicle automation and its impact on traffic. CATT
collaborated with major car manufacturers that include Ford Motor Co., General Motors and Audi in
demonstrating intelligent vehicle technologies. It has also been supported by the California Department
of Transportation in collaboration with PATH for deployment and testing of advanced vehicle
technologies. CATT is a part of the USDoT funded center METRANS which focuses on the transportation
needs of large metropolitan areas. In 2016 METRANS was awarded a DOT University Transportation
Center which is a partnership center with several Universities in Region 9. With the Pacific Southwest
Region UTC, the Project partner team can also harness the contributions of the other research institutions
which are located in California, Arizona and Hawaii.

Main Contact: Dr. Petros loannou, Director of the Center for Advanced Transportation Technology. Dr.
loannou has been recognized for his research on Adaptive Cruise Control Systems and has received
numerous awards including the IEEE ITSS Outstanding ITS Research Award for Transportation
Technologies. He is Editor in Chief of the IEEE Transactions on Intelligent Transportation Systems and a
founding member of IVHS America, later renamed ITS America. He is a member of the Board of Governors
of the IEEE Intelligent Transportation Society and a founder of the University Transportation Center,
METRANS, at USC and Cal State University Long Beach. Dr. loannou is author of 8 books and over 300
research papers in the area of controls, vehicle dynamics, neural networks, nonlinear dynamical systems
and intelligent transportation systems. He has served as a technical consultant to several automotive and
aerospace companies and as an expert on automotive control and sensor systems and safety.

3|Page
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Carnegie Mellon University — Traffic21 Institute

Within the Traffic21 Institute, HUMANS is a new research initiative involving faculty from the ECE and CEE
Departments and strong collaboration with Silicon Valley industry. The new research initiative on Human
Mobility Analytics and Services (HUMANS) is based at CMU's Silicon Valley Campus located on Moffett
Field in Mountain View. The CMU-SV campus currently houses a total of about 20 faculty members and
400 graduate students from three departments in the College of Engineering. The Electrical & Computer
Engineering Department has a dozen faculty, ~200 MS students, and ~50 PhD students at the CMU-SV
campus. The HUMANS Initiative involves four faculty from the Electrical & Computer Engineering (ECE)
Department and two faculty from the Civil & Environmental Engineering (CEE) Department. The initiative
focuses on the Sensing, Analytics, and Services of/for the mobile population with the vision of "Distilling
Human Mobility Data Into Valued Services for Societal Good." Current industry collaborators include
automotive companies, automotive suppliers, ride sharing services, mobile devices vendors, and wireless
services providers.

Main Contact, John Shen, Director HUMANS (Human Mobility Analytics and Services) Initiative. After
spending 15 years in the industry, Mr. Shen returned to CMU in 2015 and is currently based at the CMU-
Silicon Valley campus. John was a Nokia Fellow and the founding director of the Nokia North America
Research Lab, which had research teams in Palo Alto, Berkeley, and Cambridge, pursuing research in
mobile computing and mobile services. Prior to joining Nokia in the fall of 2006, John was the Director of
the Microarchitecture Research Lab at Intel. MRL had research teams in Santa Clara, Portland, and Austin,
pursuing research on aggressive superscalar and multi-core processor designs. Prior to joining Intel in
2000, John was a tenured full Professor in the ECE Department at CMU where he supervised a total of 17
PhD students, received multiple teaching awards, and published over 100 research papers and two
textbooks.

University of California Merced

UC Merced is the newest campus of the University of California, and is a research university with
recognized specialties throughout the sciences. The UC Merced School of Engineering has a strong faculty
team that provides students with a comprehensive research experience based on the latest developments
of the analytical, numerical and experimental tools available in the field. Judicious application of the
fundamental principles of mechanics allow specialized mechanical engineers to impact a range of research
areas of research including: biomechanics & mechano-biology, dynamics & controls, energy conversion &
storage, innovative design, mechatronics, embedded systems & automation, plasmas & fluid mechanics,
radiative heat transfer, solar concentration, sustainable water & energy technologies, thermal &
electrochemical energy devices, thermal science and energy conversion and friction, wear and lubrication.
From advanced manufacturing processes to novel and sustainable energy production systems, from
sensors and actuators to virtual reality, and from advanced materials to artificial intelligence, UC Merced
brings new approaches to meeting the challenges of building the next generation of transportation
infrastructure.

Main Contact: Dr. Peter Schuerman, Associate Vice Chancellor for Research and Economic Development.
Dr. Schuerman manages a range of partnerships and research alliances and oversees the UC Merced
Venture Lab, which ties together mentors, incubators, innovators, legal assistance and business
consulting, supporting startup companies. Dr. Schuerman is the architect of UC Berkeley’s Industry
Alliances Office and oversaw licensing and intellectual property management in Texas A&M University’s
Office of Technology Commercialization.
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Port of Los Angeles

The Port of Los Angeles is the busiest seaport and supply chain hub in North America and one of the most
important global logistics centers in the world. It is the number-one freight gateway in the US when
ranked by the value of shipments. The Port’s top trading partner countries are: 1) China/Hong Kong, 2)
Japan, 3) South Korea, 4) Taiwan and 5) Vietnam and the most-significant volumes of goods are: furniture,
automobile parts, apparel, electronic products and footwear. The Port has a strong interest to use its
global network of trade relationships to support California’s growth, especially in key manufacturing and
export sectors.

Main Contact: Gene Seroka, Executive Director. Nominated by Mayor Eric Garcetti in 2014, Mr. Seroka is
responsible for managing a more than S1B budget, advancing major capital projects, growing trade
volumes and promoting innovative, sustainable practices that strengthen the region’s economy.
Previously Mr. Seroka led APL’s Americas operations, responsible for all commercial, port terminal,
intermodal, land transportation and labor activities throughout the region.

Global Logistics Development Partners | GLDPartners

GLDPartners is an international investment and advisory firm that focuses on two main issues. The firm
1) provides cutting-edge strategic supply chain and facility advice to global manufacturers, including a
range in the automotive sector, and 2) help create project development and infrastructure at and around
key national logistics assets, like airports, seaports and strategic multimodal hubs. The firm is comprised
of senior-level experts in a range of fields including supply chain management, transportation (port, rail,
truck, air), project finance, economic development and market competitiveness modelling. The firm is
based in the US with offices in Arizona, Washington DC and New York, and also has offices in Canada,
Mexico and the UK.

Main Contact: Adam Wasserman, Managing Partner. Mr. Wasserman has had lengthy career in the areas
of transportation, corporate supply chain and infrastructure. Leading GLDPartners, he oversees the
company’s international projects and directly works with corporations and government bodies. Mr.
Wasserman has a special knowledge about the automotive sector & frequently advises on its technology
transformation from a corporate growth, supply chain & economic development perspective.
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California’s Burgeoning Automotive Sector: Global Innovation Hub, for Development & Manufacturing
In large part resulting from its status as the undisputed international epicenter for software engineering,
innovation and technology business finance,

California has become a quite significant global "™ °°% —

50,000
center for the automotive industry. Coinciding with =~ 37278
the rapid acceleration of technology integration in 30,00
the automotive sector, over the past decade the 2000
State has clearly emerged as a global hub for next- ’°'°°2
11 "2 "13 14 '18

generation automotive technology research. This
investment growth trend in California is evidenced
by the sharp increase in sector employment, now directly employing over 50,000 people in 2016 and
beyond that several multiples more in technology companies that are not classified as pure automotive
companies, at firms like Google and Nvidia for example. These employees are classified as “technology
employment”, many of which are software engineers but with automotive-related solutions
responsibilities. Inthe end and without any question, California
has become a global center for the next-generation automotive
industry. Tesla is the current manufacturing automotive
manufacturing leader in the State with over 18,000 employees
and currently growing significantly in the ramp-up to producing
the new Model 3 which will be in production within a year.

Source: California Employment Development Department @latimesg. ~phics

California, with its access to venture capital and a large population of technically adept first adopters, is
culturally set up to drive innovation in the auto industry. The growing reliance on software and electronics
makes it crucial for automakers to have operations in California. Silicon Valley continues to be where the
best software engineers in the world congregate to work on the most advanced technologies. Traditional
automakers are rapidly opening or expanding research centers in Silicon Valley to make sure they are able
to tap this technological expertise.

Practically every global automaker has now established a research, design presence and/or manufacturing
in the State, attracted by the critical mass of software and innovation expertise. Much of that presence
is in the San Francisco Bay Area, with Silicon VaIIey now home to literally many hundreds of established
NSRBI and start-up automotive technology
SanFranciscoBay R e suppliers that have now spurred the
- formation of a global center for
{ ¢ R automotive technology. There are

. BEmont B~ N s . . .
MoAPE i yolkomapen . L O ~five tiers of automotive technology
* | business presence in the region: 1)
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- 7 wentopane B HyEnal ¥ = Toyota, Honda, Hyundai, Renault,
ERESES 5.4 SN ' Volkswagen, BMW, Mercedes-Benz

gk Google - . .
' GeneralMotors @ pu 0 ff ® Nissan and Nissan), 2) newly established
o Fordl et ®  gconunental

Tesag® ""y,';{,‘“/l SUNNYVALE g4 yra _ but global automakers (such as

"W‘I N cedeshens | mEiekuobh Tesla, BYD, Proterra) 3) pure-

Toyota MDEN ¢ shusose technology firms that have turned
automotive players (like Intel,
Qualcomm, Nvidia, Baidu), 4)
traditional automotive suppliers

that are growing their technology

W Tesla

ters in Silicon Valley over the g
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businesses (like Continental, Delphi and Denso) and 5) start-up specialty technology companies (like
Mobileye, AC Propulsion, Arynga, Capio, EV Solutions, Nauto, Peloton, Quanergy), some of which are
home grown and some are foreign firms that have established a Silicon Valley presence.

This growth is extremely dynamic with regular corporate announcements. Recently Ford announced the
development of its “Western hub”. The region is also a concentration for the mobility/ride sharing
subsector, with tech-driven ride/car sharing services such as Uber, Lyft, Turo and Getaround all starting-
up and centered in Silicon Valley and electric car charging companies like Chargepoint. There is also a fast
growing automotive industry headquarters and manufacturing presence in the Los Angeles area with
companies like Faraday Future in Gardena, Fisker in Costa Mesa, Proterra in City of Industry and BYD in
Lancaster, with both headquarters and manufacturing plants.

As California is a testbed for new auto technologies, the State Department of Motor Vehicles (CDMV) has
been heavily involved in defining the rules by which testing will be allowed under State Law. With the
magnitude of interest in on road testing from companies, CDMV has now issued on-road testing permits
to a range of companies that have been approved to operate of California public roadways, including:

= Volkswagen Group =  GM Cruise =  Baidu USA

=  Mercedes Benz = BMW =  Wheego Electric Cars
=  Google = Honda = Valeo North America
= Delphi Automotive = Ford = NextEV USA

= Tesla Motors = Zoox = Telenav

= Bosch =  Drive.ai = NVIDIA Corporation
= Nissan = Faraday Future

An Important and Growing Phenomenon: Foreign Research & Manufacturing Investment in California
Five recently formed Chinese automakers are building strategic bases in California and their main reason
for being there is access to technology and talented engineers to produce the most advanced electric
vehicles in the world. As these firms plan manufacturing in both Asia and North America, another critical
factor for these firms is access to quick and efficient supply chain connections between China and the US
West Coast. Several of these firms were started-up in past 12-18 months and are presently undergoing
rapid scale-up.

Faraday Future Plans for an advanced self-driving electric vehicle. Headquarters in Gardena and

manufacturing site in NV. Funded by Le Eco (China’s Netflix).

BYD China’s leading electric vehicle maker, funded by billionaire Wang Chuanfu and Berkshire
Hathaway. Focus is trucks and buses in North America, manufacturing in CA.
NextEV Bases in Shanghai, Munich and San Jose. Founded by Chinese billionaire ggi5%

(Bitauto creator China auto ecommerce) William Li. Investors: Tencent, NEXT
Temasek, Sequoia, Lenovo and TPG.

Karma Former Fisker Automotive, bought out of bankruptcy by China’s Wanxiang Group.
Operates from Costa Mesa, manufacturing plants planned in China and California.

Atieva/Lucid  Beijing Automotive with Mercedes and Hyundai in China. Faraday owner
Jia Yueting. Headquarters in Silicon Valley, just announced manufacturing
plant in AZ. . -

Future Mobility Backed by Chinese luxury-car dealer Harmony New Energy Auto and Foxconn Technology
Group. New facilities in Costa Mesa, Gardena, Los Angeles, San Jose and Palo Alto. Plans
to sell electric, highly automated, China-built vehicles annually.

7|Page
California AutoTech Testing and Development Center



https://www.google.com/imgres?imgurl=http://www.nextevformulaeteam.com/images/nextev/logo.png&imgrefurl=http://www.nextevformulaeteam.com/cn/nextev&docid=nGBp5fDdHkYaHM&tbnid=o77iRhG8fg0vSM:&vet=1&w=448&h=154&bih=673&biw=1366&q=nextev&ved=0ahUKEwiH98aWnfzQAhVK8GMKHeDrDtk4ZBAzCGMoXzBf&iact=mrc&uact=8

https://www.google.com/imgres?imgurl=https://c.slashgear.com/wp-content/uploads/2016/12/lucid-air-ev-5.jpg&imgrefurl=http://forums.vwvortex.com/showthread.php?8365433-Lucid-Motors-Air-electric-sedan-revealed-(formerly-Atieva)-1-000hp-and-300-miles-of-range-production-starting-in-2018&docid=4ZOlAkZpmxOY6M&tbnid=5TFjEg7lz6ZGYM:&vet=1&w=1680&h=946&bih=673&biw=1366&q=altieva lucid&ved=0ahUKEwi7p8vdnfzQAhVJ4GMKHc9uDNIQMwg8KBUwFQ&iact=mrc&uact=8



California’s Growth Potential

California is a large and diversified economy and notably one of the largest singular economies in the
world. The State’s extraordinary technology base, complimented by a huge production and consumption
market, and combined with some of the most important logistics assets in
North America, provide the State an extraordinarily strong business case for
growth in the automotive sector. From the perspective of investment
competitiveness modelling, the State has the core attributes to attract more
global investment supporting the sector’s research, development and
manufacturing. With global supply chain connections through the seaports in
Los Angeles, Long Beach and Oakland, and international airports at LAX and
SFO, the State is extraordinarily well-positioned to support commerce between
the US and key automotive technology supply chain
hubs in both Asia and Europe. Combined with the L1
complimentary economic attractiveness some sector supply chain eIements of
surrounding states like Nevada, Arizona and New Mexico, California is poised to
further develop as the global center for automotive research and development
and manufacturing for the Western US.

California AutoTech Testing and Development Center Project Framework

Located 80 miles directly east of San Jose, the California AutoTech Testing and Development Center
(CATDC) will be an integral part of the Mid-California International Trade District (MCITD). A former
Strategic Air Command Air Force Base, the MCITD is a $1B project and is being developed to be an
important statewide trade and logistics © Secramenio

center, capitalizing on the site’s extremely
strategic location for key supply chains.
That the CATDC is part of the MCITD
provides a real and practical value in that it
can benefit from a tremendous amount of
project planning, infrastructure .

investment and corporate presence that S o) @
has occurred over the past few years, and / B b

that is programmed over the next several '
years. Unlike some other project in other |\ | ll
places, the CATDC is permanent and \
supported by millions of dollars of private " ) B
investment.

e G0 California Global
AutoTech Testing and

Develooment Center

AutoTech Project Concept

The project partners believe that they represent a unique and powerful assemblage of automotive
technology knowledge and experience. This collection of research professionals/development and testing
capabilities, industry leading practitioners and community participants believe that it is critical that a
national system of research and collaboration be created to support the development of the American
automotive industry. It is an extremely critical period for both transportation technology development
and technology integration, and the California AutoTech Testing and Development Center has been
purpose-designed to support the development of the industry and maximize the national economic
benefit. It is certain that this facility intends to use the industry presence and collaborative testing to
support a wider objective, and for that a system or network of research needs to develop.
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The CATDC is designed to be a one of a kind automotive research and development center that capitalizes
on California’s substantial technology, research, software development and tech financing presence as an
integrated research, testing and manufacturing complex. The practical efficiency of being proximate to
the Bay Area and Los Angeles and key technology brainpower and supply chains allows the project
extraordinary access for supporting the development of auto technology. The project is a partnership of
respected and nationally—known research institutions, automotive tech companies and local government
to create a strategic national R&D asset. For this proposal, the project team was weighted toward
research institutions with the expectation that once sanctioned as part of the national R&D network, that
further private firm involvement would be formalized.

As shown below, the CATDC combines distinct onsite districts for: 1) urban streets testing, 2) high speed
testing and product development and 3) manufacturing, providing a fully integrated complex for next-
generation automotive technology research and prototype development, real-world product testing and
technology manufacturing in one place. In addition, as a multidimensional testing and business complex,
the project will practically benefit from its direct access to a cargo and high-capacity general aviation
airport, to the national mainline rail system and from a brand-new highway that links the project to the
national highway grid and to the aforementioned markets and global logistics assets. It is also important
to note that the UC Merced main campus is located nearby and the school has invested in specialized
research facilities inside the MCITD currently including its Drone Policy Hub and its Solar Research
Institute.

EFE m CASTLE COMMERCE CENTER
h DEVELOPMENT MASTER PLAN

DRI o un Ty AUTOMATED VEHICLE FACILITY

Many automotive sector companies have described an intense requirement for this kind of asset in the
vicinity of their Silicon Valley research labs and studios and with practically every motor vehicle industry
corporate player in the world having a presence there, the need is high and growing. Google has invested
onsite because of the site’s capabilities and due to easy proximity to their Mountain View headquarters.
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Numerous companies have visited the site in search of either a proprietary testing or a manufacturing
location, or a combination facility leading the project team to develop this proposal. As designed, the
CATDC provides for those capacities in one master-planned environment and provides California an
opportunity to harness the enormous technology power of the region to become a major international
automotive development and manufacturing center.

Mid-California International Trade District
The MCITD is a true multi-modal international trade complex that has valuable highway, rail and air cargo
infrastructure and connectivity, with direct access to the Bay Area and Los Angeles metro regions and
their international port and airport logistics assets. The project will be supported by a new $200M highway
which will guarantee fast, all-highway

. o . Project Area Land Area
connections to critical seaports and airports, ;oo o O ohicle Testing 247 acres
and key supply chains in the Los Angeles and - Urban Streets Testing District 155 acres
the Bay Area markets. The project will house -  Google Autonomous Vehicle Testing Center 92 acres
8M square feet of development housing High Speed Testihg 25 acres

research, testing and manufacturing uses. The Product Development and Manufacturing District 750 acres
main markets for the project include:

automotive, medical products, aerospace and food production. The project’s design includes several
distinct sub-districts including an urban grid district and modern district housing development for large
greenfield project for prototyping, product development and manufacturing investment.

The MCITD supports investment in a dedicated automotive sector project structure that enables the site
to function as an integral national automotive research and development center. Merced County and
GLDPartners have conducted extensive research in competitiveness modelling, and from our analytics we
see this site as extremely well-positioned to attract a range of technology and manufacturing investment.
There are a number of companies already located in the project, and importantly for the CATDC this
includes Google who has invested millions of dollars in their dedicated off-road automated vehicle testing
complex. Moreover, the site is proving to be quite attractive to a wide range of other automotive sector
firms that are seeking a prOX|mate location to thelr research partners, university partners and to their

: : flviav-= i proprietary R&D facilities in Silicon Valley, or in
' some cases in the Los Angeles metro region. The
former Castle Airport site was the California site
for the Tesla gigafactory project and we’ve been in
regular contact with a range of other automotive
and autotech firms who have indicated desire to
use the site for testing.

Merced County has population of 250,000, but serves as center of labor shed region with 2.4M population.
Overall, the MCITD development is expected to create 6000-9000 jobs ranging from mid skilled to very
highly skilled technical jobs. This growth is hugely important to the entire California Central Valley, which
has generally underperformed from an economic standpoint. This region has significantly higher
unemployment than the State’s urban centers and its population has higher poverty rates than State
averages. As developer of the MCITD, Merced County has established objectives to support economic
development specifically for minority and a range of disadvantaged communities. This includes special
emphasis to support onsite project opportunities for minority and woman-owned businesses.

Merced County has made a significant investment to date and is managing plans for substantial new
investment. The County has rezoned entire site which will enable the full range of use activities, ranging
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from testing to scale manufacturing and has prioritization County funding for the new S200M Atwater-
Merced Expressway. Additionally, the County has actively redefined the Castle Airport site and is revising
airport planning with the FAA.

Project Operational Business Model

The CATDC will be managed by a Project Operational Board and staffed by a Project Manager who will
oversee day to day activities. The Board will be comprised of founding members of the project and this
body will set one and five year business plans for the project. The CATDC will also have “members” which
will be part of the project’s overall research ecosystem. The project will operate on a shared-asset basis,
where pure research and corporate members will conduct individual and collective research and testing
in the shared-use assets. Members will receive the right to utilize some or all of the project component
facilities, with some of this use being on a proprietary basis and some being on a shared basis. The Board
will define the Project’s infrastructure and technology plan and will collaborate with the asset owner and
members to refine on an ongoing basis. The Project Manager will serve as the Project Safety Officer and
will be the main liaison with the national research network of proving grounds and research facilities. A
project website will be activated in early 2017.

Project Commitments to USDoT and the National Research and Proving Ground Network

Safety

Historically automakers have built vehicles to meet federal safety standards and regulators largely
enforced those standards once cars were sold to the public. But the advent of automation technology
radically changes everything from vehicle design to driver control mechanisms and the definition of
whether a human or software is doing the driving. Because of these dynamics, federal auto safety
guidelines are being altered to accommodate automated technology. The new USDoT guidelines for
automated vehicles are an important milestone in defining how the federal government will approach the
groundbreaking technology and also define a more proactive role by auto safety regulators and greater
cooperation with automakers and others in the space. We recognize that increased transparency and
collaboration with US regulators is critical to create the right kind of national playing field.

We believe that federal leadership is critical as automotive technology is developing quickly and
collaboration between automakers and agencies like NHTSA is critical to avoid policies that become
obsolete. We recognize that we need to be clear about safety and policy as the technology enables
advances through the SAE automation levels 2 and beyond. If policy doesn’t keep up with the realities of
the technology then there is the danger of limiting progress in the quest to reduce the number of crashes
and save lives. We see this Project and the wider network of national testing facilities as a fundamental
component for creating an overarching system that will guide the development of our future mobility
systems.

The CATDC project partners understand that the USDoT seeks to create a system of qualified proving
grounds "for the safe testing, demonstration and deployment of automated vehicle technology”. The
partners understand the importance of establishing a proactive system of project safety that promotes
responsibility and accountability in testing activities.

As mentioned earlier, the CATDC will designate a Safety Officer who will be responsible for the Center’s
Safety Management Plan. This Plan will articulate operational standards and protocols for testing. The
Safety Officer will participate in the National Community of Practice's regular quarterly meeting of Safety
Officers in Washington DC and will be the regular interface with other proving grounds in an ongoing
manner throughout the year.
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Sharing and National Network Collaboration

The California AutoTech Center is fully committed to sharing approaches to safety and non-
proprietary/non confidential safety data generated through testing and operation with a national
network of research and development centers. Moreover, the CATDC and its partners are excited to
join allied entities in developing a state of the art system to build a robust system architecture to
support the national interests. We foresee a wide range of sharing and joint development, but clearly
there will be a focus on automated driving systems object detection, information and alerts and
displays, testing and validation methods, and also cybersecurity measures. A proactive sharing system
can shorten learning curves and improve the overall safety of the self-driving fleet, and speed innovation
to the practical marketplace.
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MIAMI-DADE’S SMART LOOP

South Florida Region’s growth will continue to aggravate the
already existing problems of safety, traffic congestion, pollu-
tion, limited resources, hurricane evacuation, and sea level
rise and flood conditions arising from climate change. At the
same time, the region is facing a significant growing popula-
tion (including aging, differently abled and youth popula-
tions), increasing employment trend, increasing freight traffic
attracted by the seaport and airport, and rapid changes in
technology. These trends are exacerbating the growing digi-
tal divide and accessibility gaps for disadvantaged groups,
while intensifying the need for safe mobility innovations ca-
pable of transforming our future. Industry, cities, and author-
ities around the nation need new and innovative solutions to
meet various threats associated with their transportation sys-
tems. Many of the threats and issues facing South Florida are
also faced by other regions around the nation. Thus, proven
technologies on the corridors, campuses, and ports of South
Florida will provide important inputs to automated vehicle
deployments in metropolitan areas around the nation.

Miami-Dade’s Department of Transportation and Public
Works (DTPW), in partnership with Miami-Dade Metropolitan
Planning Organization (MPO), Florida Department of Trans-
portation (FDOT), Miami-Dade Expressway Authority (MDX),
and Florida International University (FIU), proposes to estab-
lish a proving ground for the safe and secure testing, deploy
and operation of connected and automated vehicle (CAV)
technologies in Miami-Dade County, while providing new
management tools for its leaders to increase predictability
and economic prosperity, enhance the quality of life, improve
road user safety and experience, and move toward a sustain-
able future.

What sets Miami-Dade's project apart from others is how we
are leveraging existing assets to spur and advance innovation
and to develop a safe, secure, sustainable, scalable business
model for multi-modal multi-facility CAV technology testing,
deployment, and operation. The Automated Vehicle Proving
Ground being proposed by DTPW and its partners, hereafter
referred to as Miami-Dade's SMART Loop, will use planned
projects and ongoing efforts of infrastructure improvements
to support Vehicle-to-Vehicle (V2V), Vehicle-to-Infrastructure
(V2I), autonomous vehicle, and connected automated vehicle
technologies solutions that can be joined together with a
portfolio of partnerships to provide a safe and secure envi-
ronment for the testing, demonstration and deployment of
CAV technology applications for campuses, arterial roads,
general purpose and manage lane freeway facilities, airports
and seaports, and transit facilities and services.
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Pooling existing technology and a development of improved
technology, the SMART Loop Project will provide a safe test-
ing and deployment environment for CAV technology appli-
cations for multiple users including the disadvantage popula-
tion, transit, and freight. As part of the Community of Prac-
tices, the SMART Loop Project will develop a central data re-
pository to provide a fabric of shareable compatible data;
share safety and security approaches, best practices, research
efforts and education to enhance knowledge and public
awareness of CAV technology; and create opportunities for
technology innovation; while contributing to the solution of
the long-range and immediately challenges faced by the na-
tion, Miami-Dade County and the entire South Florida Region.

MIAMI-DADE’S CHALLENGES

Miami-Dade is the most populous county in Florida and the
7" most populous county in the nation, with a total urbanized
population of approximately 2.7 million and is projected to
exceed 3.3 million residents by 2040. The County is ranked
one of U.S.'s top 15 urban areas with the worst traffic conges-
tion and Miami is the 7% most traffic congested metropolitan
area in the nation. What should be a 20-minute freeway trip
in Miami actually requires 50-60 minutes of planned driving
time.

In 2015, Miami-Dade County had the highest number of traf-
fic-related fatalities across all population segments in the
State, accounting for the 12 percent of the total traffic fatali-
ties in Florida — among all states, Florida had the largest in-
crease with 445 additional traffic fatalities (17.8 percent in-
crease). These traffic congestion and safety challenges have
led to local and regional efforts to investigate, understand the
cause of traffic-related crashes and establish transportation
safety strategies and initiatives to improve safety perfor-
mance across all transportation modes including testing of
AV and CV technology applications.

At the same time, Miami-Dade must also address other chal-
lenges that, if not unique, are especially emphasized by its
particular combination of geographic, cultural, demographic,
and environmental characteristics as well as its transportation
context within Florida and the US. More specifically, Miami-
Dade County is limited by its geographic surroundings, in-
cluding an ocean and the Everglades; these constraints pre-
vent further outward expansion and require vertical growth
that will inevitably increase urban density. The near and mid-
term effects of climate change have profound implications for
future growth and development. Porous land and limited el-
evation represent just two challenges to the necessary miti-
gation that Miami-Dade County will have to undertake to en-
sure its long-term sustainability.
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PROGRAM MANAGEMENT TEAM

The proposed AV proving ground pilot will be managed
through a partnership between DTPW and MPO, FDOT, MDX
and FIU. DTPW and FDOT are the two agencies that plan, de-
sign, operate and maintain all roadways, sidewalks, bicycle fa-
cilities and traffic control devices within Miami-Dade County;
while MPO brings all partner together for the implementation
of transportation related projects and programs federal funds
and develop local consensus. The region has one of the most
advanced transportation system management and opera-
tions (TSM&O) program in the nation. DTPW is the agency
responsible for managing all aspects of mobility improve-
ments and services such as transit, traffic engineering/signals,
and for-hire transportation. FDOT has one of the most ad-
vanced active traffic and demand management that involves
a managed lane network and ramp metering on freeway fa-
cilities. MDX, the agency operating and maintaining the major
east-west tolled corridors in Miami-Dade County, has been a
leader in innovative mobility solutions for the state of Florida,
bringing advanced technology to SF through the cashless toll
expressway and the pay-by-plate. FIU, designated by FHWA
as Minority Institute of Higher Education (MIHE), is a major
research institution in CAV technology and ITS development,
serving South Florida community through professional devel-
opment and technology transfer in collaboration with FDOT,
MDX, DTPW and USDOT. FIU is currently ranked first in
awarding B.S. in Engineering degrees to Hispanics in the con-
tinental US and number five for African Americans nation-
wide, with minority consisting 80 percent of current students
in engineering.

VISION

The proposed testing site is the Miami-Dade’s SMART Loop,
a highway corridor formed by a heavily traveled east-west
freeway, parallel and crossing arterial roads, FIU campuses,
and Miami airport and seaport. The SMART Loop concept was
created by the Miami-Dade County CAV Task Force group led
by the MPO and focused on the development and deploy-
ment of CAV pilot projects within the County. The task force
includes, in addition to public agencies in the region, repre-
sentatives from private sector CAV vendors who together with
other vendors are ready for immediate testing of their tech-
nologies and products on the SMART Loop.

The SMART Loop initiative will build on planned projects and
ongoing efforts of infrastructure improvements to existing
roadway facilities to support AV technology and V2I commu-
nication, as detailed next. The east-west corridors forming the
SMART Loop are part of County’s economic backbone, linking
the Warehouse/Industrial District, Miami International Airport
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(MIA), Miami Intermodal Center (MIC), PortMiami, FIU cam-
pus, Downtown Miami, Business Central District (BCD), Finan-
cial District, Health District, and regional transit systems (e.g.,
Tri-Rail and Metrorail) and intercepting north/south commut-
ers along SR-826 and the Homestead Extension Florida’s
Turnpike (HEFT). Figure 1 illustrates the alignment of the
SMART Loop and future extensions.

PROVING GROUND PILOT DESCRIPTION

The SMART Loop is formed by SR-836 to the north, SW 8t
Street to the south, LeJeune Road to the east and W 137 Av-
enue to the west and include FIU campuses, the MIC, MIA,
and PortMiami (See Figure 1). The SMART Loop will include
a mini-loop (sub-loop) with the FIU campus that includes a
closed track, a low speed signalized street loop around the
main campus, six major parking garages, many parking lots,
and shuttles and student movers.

Dolphin Expressway/SR-836 (SMART 836) Corridor is an
all-electronic (cashless) tolled freeway facility fully instru-
mented with ITS technologies including closed circuit TV
(CCTV) cameras, traffic sensors, dynamic message signs
(DMS) operated by MDX. SR-836 is one of the most heavily
traveled corridors in Miami-Dade County. Up to 200,000 ve-
hicles per day use SR-836, and forecasts from 2014 suggest
that traffic volumes will increase by more than 20 percent by
2030.

Recently, the MDX Board of Directors approved a resolution
designating the portion of SR-836 between LeJuene Road
(SW 427 Avenue) and W 137t Avenue (approximately 10.3
miles) as “SMART 836" to initiate infrastructure connectivity
through the partnership with local, state and federal agencies
to integrate design, technology and equipment necessary for
the implementation of CAV technologies. Copy of MDX Board
Resolution is provided as an attachment.

SMART 836 is a critical corridor for transit operations because
its connectivity with MIC and transit terminals and park-and-
ride facilities. Starting in late 2017, DTPW will operate three
new Express Bus Routes on SMART 836 shoulders as part of
the DTPW's Active Traffic Management Program and three
new transit stations, enhancing intermodal connectivity
within the east-west corridor.

SW 8" Street/SR-41 Corridor is a State arterial road that
runs parallel to SMART 836, serving approximately 50,500 ve-
hicles per day. Adaptive Signal Control Technology (new
model 2070LX controllers, Advanced Traffic Management
System (ATMS) with adaptive control capabilities and ITS in-
frastructure) will be deployed on SW 8t Street corridor, from
SW 67t Avenue to SW 142" Avenue (7.5-mile segment with
29 signalized intersections) to enable the traffic signal infra-
structure to be integrated with CV technology. This corridor
serves major and highly productive DTPW's bus routes.
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LeJeune Road/SR-953/W 42 Avenue Corridor is a crossing
State arterial road that connects SMART 836 and SW 8t Street
with MIA and MIC. This arterial road is used by 65,000 vehicles
per day. The deployment of Adaptive Signal Control Technol-
ogy on LeJeune Road, from SW 8t Street to NW 14t Street,
is programmed for 2017.

W 137 Avenue is a crossing County's arterial road connect-
ing SMART 836 and SW 8t Street. As part of the County’s
traffic signal system upgrade project, new model 2070LX con-
trollers will be deployed on W 137t Avenue in 2018.

REGIONAL MOBILITY IMPACT
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freight forwarding could be repurposed to other land uses
and much of the chronic traffic congestion and traffic-elated
crashed in these areas could be reduced. The SMART Loop
initiative will serve as a role model for other cities in the US to
learn from and copy, facilitating the safe testing and deploy-
ment of CAV technology across the country

MANDATORY CRITERIA

With access to major ports for both goods and people, and
as a bustling international gateway, SMART Loop will provide
for the efficient movement of people and goods by road, rail,
water, and air through the implementation of CAV technolo-
gies. The proposed project will integrate different facility op-
erations and transportation modes, and provide access to
County’'s most populated areas, major regional transportation
and trade hubs, regional activity/job centers. The location of
the SMART Loop and connection with major regional corri-
dors such as the HEFT, SR-826, US-1, I-95 and SR-924 pro-
vides a unique opportunity for future extensions, having a
broader impact on regional mobility and economy.

The SMART Loop will serve to improve intermodal connectiv-
ity by enhancing access to major regional transportation and
trade hubs with the following characteristics: Miami Inter-
modal Center (MIC) is a major multimodal transportation hub
providing seamless access to all modes of public transporta-
tion including Metrobus, Metrorail, Tri-Rail, Amtrak, Grey-
hound, ridesharing services, and a rental car center. Tri-Rail is
a commuter rail connecting to the counties of Broward and
Palm Beach. Metrorail will also connect to AllAboard, Florida’'s
new rail passenger service connecting Miami with Orlando.
Miami International Airport (MIA), the 10t busiest airport in
US, is the second airport with most international passengers.
In addition, MIA is among the top 25 US international trade
freight gateways by the value of shipments in 2014.
PortMiami, the busiest cruise ports in the world, is one of the
top 25 ports by containerized cargo in US.

The location of the SMART Loop provides access to an op-
portunity to streamline and transform the supply chain for
major industrial and commercial end-users. Perishable goods,
refrigerated items and high end electronics would lead the
way in benefiting from the reduced travel times and direct
connections that CAV technology would make available. Time
currently spent in transferring from a ship to a truck then to a
train or airplane would be reduced eliminating dwell times
and making the overall process cheaper and more efficient.
Many areas of western Miami that have developed as trans-
portation centers for warehousing, freight consolidation and

DESIGNATED SAFETY OFFICER

Since the facilities forming the SMART Loop are owned, man-
aged and operated by different agencies, the AV Program will
have a Safety Officer Committee composed of three Safety
Officers (a safety officer per agency) and the Principal Desig-
nated Safety Officer. The group will regularly report to the
Principal Designated Safety Officer and will coordinate and
oversee the project activities through its own staff as well as
consultants, industry collaborators, faculty from different uni-
versity departments, and subject matter experts.

The Principal Designated Safety Officer will be responsible for
SMART Loop's safety management plan and will participate
in the Community of Practice's regular quarterly meeting of
Safety Officers.

PRINCIPAL DESIGNATED SAFETY OFFICER
Dr. Hadi Mohammed, PE, FIU

SAFETY OFFICER COMMITTEE MEMBERS

¢ Carlos Cruz-Casas, P.E., DTPW, Assistant Director

¢ Javier Rodriguez, P.E., FDOT, TSM&O Program Engineer

¢ Ivan Del Campo, MDX, Chief Information Officer/ Man-
ager of ITS

PRINCIPAL DESIGNATED SAFETY OFFICER

Dr. Hadi has over 30 years of industrial and academic experi-
ence in ITS planning, design, implementation, evaluation, and
testing including CV and AV projects. He has been involved
in ITS since the emergence of the field in the early 1990s. The
safety officer committee members have been managing most
ITS highway and transit projects in Miami-Dade County. They
will be supported by CV and AV deployment and testing spe-
cialists from their ITS consultants and faculties of various en-
gineering departments at FIU. The current ITS consultants of
the SMART Loop partner agencies include HNTB, Southwest
Research Institute (SWRI), Atkins, AECOM, Gannett Fleming,
and EAC Consulting. The Designated Safety Office and Com-
mittees will utilize the required resources to assist in develop-
ing, reviewing, and implementing the safety management
plan at the highest level expected by the USDOT. The SMART
Loop will comply with all applicable Federal, State, and local
laws. The committee will use the USDOT CV and AV Guidance,
industry standards and best practices in developing and im-
plementing the safety plan to ensure that the systems are safe
under real-world conditions. The plan will address the testing
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(AV driven by an employee of the partner agencies) and de-
ployment (AV driven by members of the general public) of the
technologies on a test track at FIU campus, the mini-loop at
FIU campus, and the SMART Loop roadways. The plan will
ensure that the AV system with different levels of automation
can operate safely in the intended environment.
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The Safety Management Plan will address areas such as data
recording and sharing, privacy, system safety, cybersecurity,
Human-Machine Interface (HMI), crashworthiness, and con-
sumer education and training. In addition, the plan will dis-
cuss how to identify, document, and verify the Operational
Design Domain (ODD) for each AV system, the Object and
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Event Detection and Response (OEDR), and fall back mini-
mum risk condition. More details about this are given later in
this application. The SMART Loop partners are committed to
sharing the approaches to safety and safety data generated
through testing and operation with the community as coor-
dinated with the USDOT.

COMMITMENT TO SHARING FACILITY'S AP-
PROACHES TO SAFETY AND SAFETY DATA
GENERATED THROUGH TESTING AND OPERA-
TION

The project team will track safety performance measures on a
continuous basis for the duration of pilot projects conducted
as part of the SMART Loop and will prepare quarterly status
reports summarizing and documenting the progress of our
efforts, approaches, lessons and results. These progress re-
ports will be made available to the Community of Practice,
USDOT, research community, technology companies, as well
as stakeholders and residents within Miami-Dade County.

The project team will document processes for testing, valida-
tion, and collection of events, incidents, and crash data, in-
cluding data for event reconstruction purposes according
with National Highway Traffic Safety Administration (NHTSA)
guidance. In addition, the processes will ensure collecting,
storing, analyzing and sharing data regarding positive out-
comes that include events in which the automated vehicles
correctly detect a safety event and successfully avoid an inci-
dent. A plan will be developed for sharing the data with the
USDOT and other entities, while meeting the security and pri-
vacy requirements and existing and future data recording and
sharing standards.

Staff from DTPW, partner agencies, technology companies
and system operators will be available to work with USDOT
on any additional data requests. We recognize the im-
portance of independent evaluation, and we believe in full
transparency in tracking our progress. Project research team
will work directly with USDOT and provide any requested
safety data pertaining to the testing and operation of the
SMART Loop project, and assist with additional data collec-
tion or data inference requests. This includes providing
USDOT, Community of Practice or independent evaluator ac-
cess to the site and site staff in coordination with DTPW and
partner agencies staff.

The project team will be available and assist with any surveys,
interviews, evaluation-related experiments requested in this
context, meetings, collaboration, conferences, presentations
and publications.
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PROPOSED CONTRIBUTIONS

PROGRAM MANAGEMENT

PARTNERSHIP DRIVEN APPROACH

DTPW, the agency leading this effort, has assembled a team
that comprises a unique combination of partner agencies and
institutions with the resources, experience, expertise and
leadership required to implement and manage the proposed
AV program successfully, and to share the learnings and re-
sults. Other team members include companies and system
operators and will expand during subsequent phases of the
program.

The SMART Loop project will be managed via a partnership
between DTPW and MPO, FDOT, MDX and FIU. The partner
agencies are responsible for planning, designing, operating,
and maintaining the County's street network and transit sys-
tems. As mentioned above, the ITS consultant of the partner
agencies have been involved in CV and AV testing and imple-
mentation. The current ITS consultants include HNTB, SWRI,
Atkins, AECOM, Gannett Fleming, and EAC Consulting. Faculty
from the FIU College of Engineering and Computing will pro-
vide additional expertise such as sensors, cybersecurity, V2V
and V2I communications, and other AV software and hard-
ware. The team’s experience with the associated guidance,
processes, tools, plans, and pilot deployment of CV and AV,
combined with the regional agencies long experience in ap-
plying active traffic and demand management, transit man-
agement and operations, ITS and tolling technology, in con-
ducting CAV technology research, in managing public out-
reach programs, and in managing and accessing freight trans-
portation impacts, will be leveraged to support the program
success.

LEADERSHIP IN AUTOMATED VEHICLE
BROADLY APPLICABLE RESEARCH AND DEPLOYMENT
OPPORTUNITIES

What sets Miami-Dade’s proposal apart from others is the
spectrum of research and deployment possibilities resulting
from the combination of the project partnership managing
the program; the integration of different facility types and op-
erations which provides opportunities to test and compare a
wider range of AV and CV applications; the integration of ex-
isting and planned investments from different facilities and
system operators to further advance AV and CV technology
testing and deployment; the project scalability resulting from
the centric /ocation within the South Florida Region and along
a primary and heavy travelled corridor, linking the SMART
Loop with major regional commuter, transit and freight corri-
dors, international airport, intermodal centers, warehouse and
distribution centers, populated areas, seaport and research
campus (the campus provides ideal conditions for controlled
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testing environment prior technology deployment), facilitat-
ing future extensions.

Integration of Different Facility Types and Operations

The use and integration of different facilities forming the
SMART Loop (tolled expressway and arterial roads) and the
minor loop in the FIU campus will allow to test, deploy, eval-
uate and compare the functionality and safety performance
of a wider range of AV and CV technology applications and
combinations for multiple users and scenarios. For example,
the use of AV applications for cars, transit and freight could
be evaluated first in a closed loop at FIU, if needed, then on
the minor loop at FIU, then on expressways, intersections and
ramps. Similarly, the arterial roads will provide opportunities
to evaluate V2l applications for a broader range of customers,
including pedestrians and bicycles, and transportation oper-
ations.

Integration of Existing and Planned Investments

The SMART Loop project will build on the individual efforts,
assets, expertise and capabilities of its partner agencies, gen-
eral consultants, faculty/researchers and technology compa-
nies. We will leverage existing infrastructure, current business
practices and planned investments to further test and ad-
vance AV technology and secure the CV ecosystem that will
support a transportation network of shared, connected and
automated vehicles; while maximizing the benefits that these
emerging technologies can offer. The SMART Loop will sup-
port additional multi-disciplinary research at FIU by FIU re-
searchers possibly in collaboration with researchers from
other Florida universities. FIU researchers have already built
strategic relationships with the public agencies in the region
and with their ITS consultants and vendors working on multi-
ple CV/AV and other ITS projects. This will also lead to a multi-
disciplinary education and training program at FIU to provide
the industry with much needed workforce in CV and AV tech-
nologies. It is expected that the education program will be
taught by faculty from different departments of the College
of Engineering and Computing.

LEADERSHIP AND MANAGEMENT CAPABILITIES

The unique qualifications, management capacity and leader-
ship capabilities of each of the team organizations are sum-
marized below. The collaboration of different agencies will al-
low for broader use of applications, establish a transfer of
knowledge and practices.

DTPW, the recently merged department, is the Florida's
largest transit system and the 15% largest in the nation, with
a service area of 360-sg.mi (Miami-Dade and parts of Broward
and Monroe Counties) and over 350,000 passengers per day.
It is composed of 34 individual municipalities with an urban-
ized population of approximately 2.7 million. A trend persists
in some areas throughout the county to incorporate, which
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leaves a large portion of the county populated by disadvan-
taged individuals in unincorporated areas that are dependent
upon county services. DTPW is one of the largest departments
in Miami-Dade County government and responsible for plan-
ning and managing all aspects of mobility, safety and reliabil-
ity improvements of transportation system services in the
County including transit, traffic operations and control, high-
way design, for-hire transportation (i.e., taxis, and rideshare)
and transportation safety and security. This integrated view of
the transportation system components as part of the overall
region provides an important basis to DTPW activities and
this proposal to the USDOT.

As the Community Transportation Coordinator (CTC) for Mi-
ami-Dade County, DTPW is responsible of creating programs,
applying for the grants and coordinating transportation ser-
vices for the disadvantaged, and is actively seeking for inno-
vative solutions to expand the safety, accessibility and relia-
bility created by emerging mobility services to members of
our community with different accessibility needs. In addition,
DTPW participates on numerous panels, committees, boards,
fairs, and programs serving the community, including the dis-
advantaged groups, and provides transportation assistance
for approximately 126 agencies in Miami-Dade County.

DTPW operates an integrated multimodal transit system
comprise of four modes: Metrobus (98 routes, 820 buses and
over 28.8 million miles of revenue per year), Metrorail (25-
mile heavy rail system), Metromover (4.4-mile automated
people-mover), and 24- hours of paratransit service. All bus
feet is equipped with Computer Aided Dispatch/Automatic
Vehicle Location (CAD/AVL) and Automatic Passenger Coun-
ters (APC) to monitor ridership activity at the system, route,
and stop levels and provide real-time Estimated Time of Arri-
val (ETA). In addition, DTPW has successfully deployed a
Transit Signal Priority (TSP) for buses.

As one of the two agencies responsible for planning, design-
ing, operating, and maintaining all street network within Mi-
ami-Dade County, DTPW manages the County'’s traffic signal
system. The entire roadway network is controlled via approx-
imately 3,000 traffic signal controllers that are constantly
monitored and coordinated by DTPW's ATMS operated from
the DTPW's state-of-art Traffic Management Center. As part
of the programmed technology upgrades, DTPW partnered
with FDOT to deploy and evaluate Adaptive Signal Control
Technology (ASCT) along the 12 most congested corridors in
Miami-Dade County as a pilot project-technology deploy-
ment started in fall 2016. The pilot program will contribute to
expand and supplement existing technologies and services,
and implement operating strategies for optimum functional-
ity and coordination of the County’s traffic signal system.

FDOT-District 6. FDOT is the agency that owns, manages
and maintains all state roads, interstate system and SunGuide
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Communication System (an incident management system de-
ployed through all freeways and major state highways to ob-
serve and communicate with the public through DMS. FDOT
has organized a strong Transportation System Management
and Operations (TSM&O) and ATMS programs for Miami-
Dade County that are among the most advanced programs in
us.

Florida was the second state to adopt legislation allowing for
research, development, and testing of AV technology on pub-
lic roadways. As a result, FDOT created the Florida Automated
Vehicle (FAV) Initiativel and formed Stakeholders Working
Groups to address opportunities and challenges associated
with implementing AV technology. Through the FAV Initiative,
FDOT is deploying pilot projects to establish Florida as a
leader in the AV technology movement. As an example, FDOT
partnered with DTPW and FIU to install and test Mobileye
Shield + technology on ten Metrobuses as a pilot project. The
AV technology will be installed on a high demand Metrobus
route serving a high crash corridor to test Forward Collision
Warning (FCW), Pedestrian and Cyclist Collision Warning and
Zone Detection, Headway Monitoring Warning (HMW), and
Lane Departure Warning (Mobileye LDW) applications.

MDX, led by a strong active traffic management policy ap-
proved by the board (MDX ATM Policy is attached), has a
proven reputation for being a progressive organization in the
deployment of technology. The successful conversion to
Open Road Tolling (ORT) is a great example. MDX has de-
ployed a comprehensive suite of ATMS capabilities, including
traffic sensors, CCTV cameras, DMS for traveler information,
and ATMS software. The complete suite of traffic manage-
ment systems is linked to the FDOT-District 6 Transportation
Management Center, where MDX works in collaboration with
FDOT to manage traffic flow and incidents. The backbone of
this system is a redundant fiber optic communications net-
work that covers the entire MDX system. MDX has also part-
nered with DTPW to provide transit operations on the shoul-
ders of select expressways in Miami as part of their ATM pro-
gram. This partnership has been formalized through an inter-
governmental agreement reached in 2010.

Furthermore, to facilitate the testing and to advance the de-
ployment of CV technologies, the MDX Board of Directors ap-
proved a resolution designating portion of SR-836 (the most
traveled east-west corridor in Miami-Dade County) as SMART
836. In support of the SMART 836 resolution, MDX has iden-
tified the implementation of the CV technology initiatives for
2017.

1 FDOT Florida Automated Vehicle (FAV) initiative (http://www.automat-
edfl.com/our-efforts/overview/)
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IMPO is the lead agency for the transportation planning pro-
cess in Miami-Dade County. The MPQO's role is to ensure con-
formance with federal regulations requiring that highways,
mass transit and other transportation facilities and services
are properly developed and deployed in relation to the over-
all plan of urban development and to approve plans for re-
gional and state transportation network accessibility. In addi-
tion, federal guidelines require that the use of Federal Aid for
transportation be consistent with MPO endorsed plans and
programs. Federal, state and local transportation planning
funds are utilized on an ongoing basis to insure the effective-
ness of the MPO process. FDOT adopts the MPO's Long
Range Transportation Plan (LRTP) as the plan for implement-
ing transportation system improvements in Miami-Dade
County. In 2016, the MPO approved the Strategic Miami Area
Rapid Transit (SMART) Plan to advance six rapid transit corri-
dors and Bus Express Rapid Transit (BERT) services within Mi-
ami-Dade.

The MPO is instrumental in the incorporation of CAV technol-
ogy into the County's transportation planning. For example,
the MPO formed the CAV Task Force? and Working Group to
enhance collaboration and facilitate CAV project develop-
ment and deployment within Miami-Dade County. This local
collaborative provides a workspace for transportation agen-
cies, academics, entrepreneurs and industry experts to facili-
tate the dialogue, flow of information, exchange of ideas, and
development of solutions related to the safe implementation
of CAV initiatives. The development of the SMART Loop con-
cept and this proposal to the USDOT's AV Proving Ground
Pilot Program are great examples of the CAV Task Force's
Working Group efforts.

In support to the ongoing efforts to advance the safe imple-
mentation of CAV initiatives in Miami-Dade, the MPO Gov-
erning Board has adopted a resolution supporting the
DTPW's application, for Miami-Dade County, to be desig-
nated as one of USDOT AV Proving Ground Pilots. Copy of
the resolution is provided as attachment.

FIU, the largest research institution in South Florida Region.
FIU research team has been involved in ITS research projects
including CV and AV research at the national, state, and re-
gional level and have had a close relationship with the other
SMART Loop agencies. The Departments of Civil and Envi-
ronmental Engineering, Electrical Engineering, Mechanical
Engineering, and Information Technology and Computer Sci-
ences will be involved in this effort. The FIU team has devel-
oped a web-based data analytic tool (ITSDCAP) that captures
and aggregates data from multiple sources and can be used

2MPO Connected-Autonomous Vehicle (CAV) Program, CAV Task Force
(http://miamidadempo.org/connected-autonomous-vehicle-program.asp)




http://www.automatedfl.com/our-efforts/overview/

http://www.automatedfl.com/our-efforts/overview/

http://miamidadempo.org/connected-autonomous-vehicle-program.asp



USDOT |OFFICE OF THE SECRETARY (OST)
AUTOMATED VEHICLE PROVING GROUND PILOT
MIAMI-DADE DTPW'S PROPOSAL | MIAMI-DADE’S SMART LOOP

for multiple research applications. ITSDCAP will be used to
support the evaluation of the AV and CV technologies. Devel-
oped and managed by FIU, ITSDCAP is an off-line and real-
time web-based tool that is among the most advanced ITS
data analytics tools in the nation. This tool is currently used
by FDOT-District 4 and is being adopted by DTPW's Traffic
Management Center.

Private Sector Providers, as currently participants of
the CAV Task Force, will be involved in the development of
the SMART Loop. As the SMART Loop project is developed
further, additional project partners and stakeholders will be
identified and added to the development team, including rel-
evant government agencies, institutional investors, infrastruc-
ture developers, technology companies, service providers,
and traveling public and safety advocates.

CONTRIBUTIONS TO COMMUNITY OF
PRACTICE

COMMITMENT TO OPEN SOURCE DATA, PUBLIC/ PRI-
VATE ENTREPRENEURSHIP AND INNOVATION

BUSINESS MODEL

An important principle applied to the SMART Loop is to build
a sustainable business model that can be applied to other
parts of the country. The proposed effort will focus on testing
and deploying new proven and safety system technologies
that leverage existing and planned investments, while en-
couraging public-private partnership, research innovation,
and entrepreneurship. We will leverage existing regional as-
sets, current projects and plans, and private sector resources
to optimize the investment required, but also to meet the
unique safety, mobility and environmental needs of metro-
politan Miami-Dade County. We will invite vendors, manufac-
turers, and start-up companies to meeting and workshops in
Miami-Dade County and engage them in potential involve-
ment in the testing and deployment of technology in the
County. Several private sector technology vendors have al-
ready been engaged in the regional CV/AV discussion as part
of the Miami-Dade County CAV Task Force.

STAKEHOLDER AND PARTNER ENGAGEMENT

To maximize stakeholder interest and involvement, DTPW
partnered with MPO, FDOT, MDX and FIU as many of these
stakeholders have been active participants in the develop-
ment of the SMART Loop concept. Additional stakeholders
will be identified early in the project and actively engaged in
the concept development phase. Such stakeholders will in-
clude: MIC operations, MIA, PortMiami, rental car agencies,
parking suppliers, commercial vehicle operators, municipali-
ties (e.g., Cities of Doral and Miami), enforcement community,
neighborhood groups, etc. In addition to these stakeholders,
team member organizations will be identified as part of the
stakeholder register. The register will be maintained by the
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Project Management Lead (PML) and will be updated as the
concept is refined to include potential new stakeholders with
an interest in the project.

Formalization of partnerships will be executed through inter-
governmental Memorandums of Understanding (MOUs)
where appropriate.

This effort will employ a series of workshops to elicit stake-
holder needs, to map those needs to requirements, and to
define solutions that meet the needs of the stakeholder com-
munity. We have learned during many projects that face-to-
face stakeholder interaction strengthens relationships among
stakeholders. Workshops will be scheduled to correspond to
decision points in the concept development phase where
stakeholder feedback will be most important.

ABILITY TO GENERATE BROADLY APPLICABLE RESULTS
The key to success on advanced technology programs, such
as this, is having a detailed Program Deployment Plan and
Approach and skilled program leadership. The project team
will collaborate and join efforts with other project members
and technology companies to fund, manage and implement
a Program Deployment Plan consisting of (1) Program Man-
agement Plan to ensure the program stays on tracks and fol-
lows a systematic approach; (2)Risk Management Plan to reg-
ister and address potential risks; (3) Security Management
Operating Plan to approach physical security at the vehicle,
roadside infrastructure, and back-office level; (4) Safety Man-
agement Plan to ensure safety considerations are met; (5)
Performance Measurement and Evaluation Plan to evaluate
and track project performance; Training and Stakeholder Ed-
ucation Plan; and (6) Outreach Plan.

USDOT System Engineering Process Approach

Any testing or pilot conducted as part of the SMART Loop
project will be carried out based on the USDOT system engi-
neering process. As part of this process; the needs that the
technology is supposed to address, the various issues associ-
ated with the implementation, and the expected impacts of
the implementation will be identified. This will ensure that all
testing, deployment, and evaluation efforts are designed and
implemented to produce results that are directly applicable
to national and regional needs. When testing and deploying
technologies, the team will perform the following phases:

Research/Synthesis Phase consists of the collection and
analysis of information related to existing conditions, needs,
and technologies that can be addressed by the product. The
project team will also review past and ongoing studies on sys-
tems similar to the ones evaluated as part of the SMART Loop.

Project Development Phase consists of developing the Con-
cept of Operation (ConOp) and requirements, evaluation
plan, system design and installation, driver education/train-
ing, and testing. The ConOp and system requirements will be
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developed based on the situation analysis from the previous
phase. The ConOp will include the identification of goals, ob-
jectives, performance measures, associated policies, stake-
holders and users, use cases, support environment, and oper-
ational scenarios. The evaluation plan will be developed fol-
lowing USDOT Guidelines, recent evaluation requirements of
the three pilot CV sites, and all other related guidelines and
reports. It will involve the development of the experimental
design and statistical analysis that addresses various threats
to the validity of the evaluation including the impacts of ex-
ogenous factors; formulation of hypotheses regarding ex-
pected outcomes; and development of testing plan to assess
the formulated hypotheses. The final selection of technolo-
gies and products and system design will be based on the
ConOp and system requirements. The technology and equip-
ment will be installed in coordination with technology ven-
dors. The project team in conjunction with the vendors will
train the project and facility staff on how to use the different
technology system. Facility staff or participants will include
agency personnel, system operators and maintainers, drivers
of vehicles involved in the pilot, and others determined to be
impacted by the project. Based on training needs at each
level, a training and education plan will be developed.

Full-Scale Demonstration Phase consists of operating and
evaluating the system, conducting staff survey and focus
groups, and performing public outreach and technology
transfer activities. The technology will be continuously moni-
tored for malfunctions and failures. The project team and the
vendors will conduct weekly data review conference calls on
the status, performance and issues with the system.

COMMITMENT TO DATA & INFORMATION SHARING
The SMART Loop partners are committed to share the devel-
oped safety management plans and access to testing data,
and evaluation results in according with USDOT guidance and
methods. Recognizing the importance of national, statewide,
and regional public-private partnerships in successfully navi-
gating the sea of changes that are already well underway. The
SMART Loop partnership is fully committed to employing and
promoting open source data protocols wherever possible and
encouraging private entrepreneurship and innovation.

In order to assure the project data, outcomes, products and
applications from the SMART Loop can be replicable in other
across the nation, this project will document the data, pro-
cesses employed, benefits, costs and constrains as well as the
lessons learned. A data sharing plan will be documented as
part of a performance measurement plan. The generated data
(performance and evaluation data) and new applications de-
veloped will be shared with the Community of Practice,
USDOT and posted at the specified frequency of reporting as
needed by the USDOT on resources such as the Research
Data Exchange (RDE) (https://www.its-rde.net/), which is the
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USDOT transportation data sharing system (if so directed by
the USDOT), and will be shared for possible inclusion in the
usDOT Knowledge Resources databases
(http://www.itskrs.its.dot.gov/). The project team will meet all
policy and governance requirements of the RDE. The research
team will deliver multiple (frequent) one-hour webinars for
progress updates.

COMMITMENT TO WORK WITH USDOT’S RE-
SEARCH PROGRAMS

As mentioned above, a data sharing plan will be documented
and the performance and evaluation data will be shared with
the USDOT and posted at the specified frequency of reporting
as needed by the USDOT on resources such as the RDE. In
addition, the project research team is committed to partici-
pate in national and international conferences, meetings,
workshops, collaborative, webinars among other research ac-
tivities and transfer of knowledge related activities. The
SMART Loop team has been very active in TRB, AASTHO, ITS
America, and ITE meetings and committees. Workshops,
trainings and courses will be incorporated into the project's
Participant Training and Stakeholder Education Plan, as well
as part of the FIU's engineering program. As described earlier,
the SMART Loop activities are expected to result in develop-
ing multi-disciplinary undergraduate and particularly gradu-
ate level courses at FIU and continuous education training
courses.

COMMITMENT TO SAFETY

A key component in the concept of operations for the SMART
Loop deployment plan is how to deal with safetyand security
issues, including the safety of the proving ground personnel,
facility users (e.g., staff from DTPW, MDX, FDOT and FIU re-
searchers) among others. These topics will be addressed in
the safety and security management plans for the project. The
partner agencies will be bringing to it their extensive experi-
ence with safety considerations on roadway and transit pro-
jects, but also in the connected vehicle environment.

CAPABILITY TO CONTROL SAFETY RISKS AND
SAFETY CONSIDERATIONS

SAFETY MANAGEMENT PLAN

The Safety Management Plan will include a set of safety sce-
narios for the applications and technologies of the pilot de-
ployments. These safety scenarios include an evaluation of
potential impacts and the mitigating benefits of fail-safe or
other appropriate actions for the applications offered in this
pilot program. A set of safety needs will be derived from this
scenario-based analysis. The Safety Management Plan will
identify levels of safety risk associated with the pilot deploy-
ments, by adopting or adapting standard automotive safety
practices for production, such as ISO 26262 and Automotive
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Safety Integrity Level (ASIL) hazard analysis and risk assess-
ment, and also by adhering to equipment installation safety
standards as prescribed by OSHA, DTPW, FDOT, and MDX.

The Risk Management Plan will address: risk identification;
risk avoidance though proactive monitoring and manage-
ment; strategies to assess and eliminate risk; assignment of
responsibility for addressing; and monitoring risks and miti-
gation actions on a continuous basis.

The Security Management Operational Concept will include
clear direction for data, network and physical security at the
vehicle, roadside infrastructure and back-office levels.

The development and application of the Safety Management
Plan will be in according with the USDOT and state policy and
guidance and based on extensive examination of the technol-
ogies, standards, policies, guidance, tools, pilot projects, and
results of research from around the nation and the world. The
SMART Loop will require that manufacturers and other enti-
ties provide reports regarding how relevant guidance, stand-
ards, and policies have been followed. The NHTSA federal au-
tomated vehicle policy and associated guidance and tools will
be used as one of the important bases. The USDOT V2V and
V2I Guidance will also be followed. The Safety and Security
Plan will have to be updated to accommodate the expected
updates to USDOT policies, additional regulatory tools and
new expertise and research and testing results from the
proven grounds and pilots around the nation. In according
with the Guidance, a manufacturer will be asked to provide
certification to all applicable standards or, if applicable, an in-
terpretation or exemption from the NHTSA policy.

The developed plans will ensure that the manufacturer should
address the data recording and sharing capabilities; func-
tional safety and cybersecurity best practices; HMI design
best practices; crashworthiness/occupant protection; and
consumer education and training. The manufacturer will be
asked to clearly define the ODD and the corresponding Soci-
ety of Automotive Engineers (SAE) level of the system. The
ODD will define for each tested function the conditions that
it is intended to operate in including roadway types, geo-
graphic area, speed range, lighting conditions, weather con-
ditions, and other conditions that impact operations. Based
on the defined ODD, the required OEDR capabilities of the AV
will be examined to ensure safely operation in the identified
conditions. The OEDR requirements will have to address nor-
mal driving scenarios, expected hazards such as other vehicles
and pedestrians, and unexpected events such work zones.

The project team will work with device manufacturers to in-
corporate the safety requirements into the installation and
operation of the devices. The project team will work with
Roadside Equipment (RSE) device suppliers to understand in-
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stallation requirements and incorporate them into the instal-
lation designs. Our specifications will address contractor
safety, safety procedures for engineering staff conducting
field analyses, and procedures to protect the traveling public,
proving ground personnel and work crews in the work zones
(e.g., hanging devices, installing cabinets, etc.). We will com-
ply with DTPW, FDOT and MDX standards for work zone
safety and we will enforce safety standards for subcontrac-
tors.

The project team will perform an ASIL style of analysis or de-
velop appropriate measures using system engineering and
project management principles. From the risk assessment and
prioritization of risk register items, a list will be presented to
stakeholders so that they may prepare responses to antici-
pated failures. These stakeholder responses will be accumu-
lated into the Safety Management Plan, which will include: (Z)
Findings of ASIL decomposition and its management plans
and procedures; (2) Fail-safe and fault tolerant approaches to
pilot deployments and (3) Stakeholder responses to risk reg-
ister scenarios. The final report will be incorporated into the
Project Management Plan.

SECURITY MANAGEMENT PLAN

A key component in the concept of operations for the SMART
Loop deployment plan is a comprehensive approach for pri-
vacy and security issues. The project team understands the
critical nature of maintaining privacy for any individuals par-
ticipating in the system. This is an important principle for a
toll and transit agencies like MDX, FDOT and DTPW is taken
very seriously by the project leadership team and will be ad-
dressed in the developed plans and concepts of operation.

Even if no personally identifiable information (PII) is collected,
users must be able to trust that no tracking or identifying in-
dividuals will be conducted through data manipulation or
analysis. The current security credential management system
design (SCMS) includes protections against traceability, and
the implementation of various internal physical, technical, and
organizational controls will provide for additional protections.
Each of the partner organizations will play an important role
in the collection, analysis, archiving and dissemination of data
on this project. This is common practice for DTPW, FDOT,
MDX and FIU. Consequently, strict security policies and prac-
tices are already in place.

The methodology for deploying and testing pilots on the
SMART Loop will include analyzing threats, assumptions, pol-
icies, and objectives, and developing security functional re-
quirements to mitigate threats and ensure confidentiality,
availability, integrity, authenticity, and non-repudiation of
transmitted data. This represents standard practices for DTPW
and partner agencies. A similar exercise was recently com-
pleted at FIU for their network and server security systems
and policies. Existing analyses and update use cases,
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measures, and requirements will be leveraged with an overall
system implementation and application deployment view-
point, to develop and execute an effective security manage-
ment operational strategy.

By leveraging DTPW and partner organizations’ expertise and
resources (including industry experts), our team will deter-
mine which requirements can be fulfilled based on the proto-
type SCMS and align these requirements to each SCMS func-
tional component.

The Security Management Operational Concept will include
clear direction on how to approach physical security at the
vehicle, roadside infrastructure, and back-office level. Several
current hardware security standards exist for ensuring against
tampering of physical devices. In addition, maintaining strong
internal organizational controls, whether at the technical, le-
gal, administrative, or personnel levels have already been de-
veloped and will be included in this concept in order to pro-
vide a robust a security environment as possible. Tools to
monitor, measure, and track security elements at all levels will
also be specified in the Security Management Operational
Plan.

RESEARCH, APPLICATION AND DATA
SHARING

BROADLY APPLICABLE RESEARCH SOLUTIONS
Our vision for this grant is to create a replicable and scalable
solution with results and developed applications applicable to
other regions. To deliver this vision, this project will address
challenges that are common across the nation and will com-
ply with all existing guidelines, architectures, and standards.
A project focus is to advance, apply and expand the use of
new technologies and business models to connect transpor-
tation systems and technology vendors for varied transporta-
tion applications. The proposed effort will focus on technolo-
gies that can be easily leveraged with either existing or
planned investments by transportation agencies from around
the nation to improve system performance

New findings and data resulting from this project will be doc-
umented, archived, and explained for possible use by other
agencies. The project implementation will use to the maxi-
mum degree possible the national guidance, tools, and stand-
ards increasing its broad applicability

As previously mentioned, to make sure outcomes, products
and applications from the Miami-Dade model can be replica-
ble and used by other agencies and organizations across the
nation, this project will document the lessons learned as well
as the benefits, costs, risks, and constraints. The findings from
the project, including the CV and AV comparison on safety
performance and cost effectiveness will be shared for possible
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inclusion in the USDOT knowledge resources databases
(http://www.itskrs.its.dot.gov/). Also, generated data and any
new applications developed using the project funds will be
shared through RDE.

PROJECT LOCATION, CONNECTIVITY & SCALABILITY
Miami-Dade offers extensive unique attractions of worldwide
fame and importance in tourism, leisure, freight and transpor-
tation market. The location of the SMART Loop is ideal be-
cause of the connectivity with MIA, MIC, Downtown Miami,
FIU campuses, Port of Miami and regional corridors, meeting
the conditions to provide a quantum leap in future connec-
tivity and modal reach for the entire transportation system
moving goods and people within Miami-Dade County and
South Florida Region. At the same time, the location and con-
nectivity with regional transportation systems makes the
SMART Loop a scalable project, providing opportunities for
future extensions and expansion. Many of the safety, mobility,
environment, and parking issues to be addressed by the
SMART Loop testing and deployment are faced by other lo-
cations in the nation.

RESEARCH RESOURCES AND CAPABILITIES
Florida International University is the largest research institu-
tion in South Florida. The researchers of various department
and colleges of the university will collaborate on conducting
multi-disciplinary research that advance the state-of-the-art
in CV and AV technology and implementation. The FIU re-
searchers will work closely with the USDOT, public agencies
in Florida, their consultants, and other universities in Florida
and elsewhere on research projects that meet the needs iden-
tified in the SMART Loop effort. A research advisory subcom-
mittee will be formed of public, private, and academic partic-
ipants to identify problem statements, identify potential fund-
ing sources, monitor research progress, and ensure the suc-
cessful implementation of research results.

STATEWIDE EDUCATION PROGRAM

The SMART Loop activities will allow different FIU depart-
ments will collaborate on developing materials for graduate
and undergraduate courses, continuous education courses,
and possibly community college courses (in collaboration
with Miami-Dade Community College). The developed course
materials will be made available to other universities for po-
tential use.

COMMITMENT TO OPEN DATA, AND SHARING
PERFORMANCE METRICS AND RESULTS OF
OBJECTIVE TESTS

Data collection and performance assessment are critical as-
pects of the proposed project. As stated earlier, performance
metrics that are measurable and quantifiable will be identified
in the evaluation plan to ensure the success of the project. A
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data collection plan will be developed to ensure that the iden-
tified performance measures can be assessed. In addition, the
project team will work with the independent national evalua-
tor, if assigned by the USDOT, to identify and collect the re-
quired data for the evaluation.

The SMART Loop will have a documented process for testing,
validation, and collection of event, incident, and crash data, in
addition to positive outcomes (e.g., incident prevention due
to technology). The occurrence of malfunctions, degrada-
tions, or failures will be recorded to allow the identification of
the cause of such issues. Data recording will be at enough
level of detail to allow event reconstruction. Processes will be
developed for recording and sharing testing and evaluation
results and raw data if applicable, with privacy and security
consideration.

An outreach plan will be developed in coordination with the
USDOT to ensure that the project findings are communicated
to agencies in the State of Florida and around the nation us-
ing webinars, conference presentations, journal applications
and other methods as needed.

DATA COLLECTION PRACTICES AND APPROACH

The project will collect data from both CV and AV technology
implementations including information about vehicle posi-
tion, speed, acceleration/deceleration, braking, steering
(turning action), alarms from the warning system, and other
information needed. This data will be fused with data ob-
tained from multiple other sources including: transit data
(e.g. schedule, AVL, safety, and operations data), traffic man-
agement system data warehouse, crash databases, weather
data, incident data, and system planning data.

A web-based data analytic tool referred to as ITS data capture
and performance measurements (ITSDCAP) produced by FIU
will be used to collect, fuse, archive, analyze, and visualize the
data and estimate the measures.

The team will also install video recording equipment, if
needed, on a subset of the equipped buses, intersection, and
bus stops to allow a better assessment of the nature of the
alerts. Camera images will be recorded at the time of each
warning using digital video recording (DVR) and will be fused
with the data to determine the nature of the alarm events and
the rate of the false alarms.

COMMITMENT TO DATA AND INFORMATION SHARING

As part of the performance plan, a data sharing plan with test
generated data (performance and evaluation data) and new
developed applications will be documented and shared, at
the specified frequency of reporting as needed by the USDOT,
with the Community of Practice, USDOT and research com-
munity through webinars, workshops, conferences, USDOT
transportation data sharing system and knowledge resources
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databases, among others. An outreach plan will be developed
in coordination with the USDOT to ensure that the project
findings are widely accessible.

DEMONSTRATED INVESTMENTS

DEMONSTRATED INVESTMENTS IN AND COM-
MITMENT TO AUTOMATED VEHICLE TESTING.

CAPITAL IMPROVEMENTS TO THE PROVING GROUNDS TO
ADVANCE AUTOMATED VEHICLES

Ongoing AV and CV Technology Initiatives
Since the 1990s, FDOT, MDX, and DTPW have implemented
advanced traffic management systems that are the most ad-
vanced in the nation including incident management, ramp
metering, dynamic pricing managed lanes, traveler infor-
mation systems, diversion strategies, advanced signal retim-
ing strategies, adaptive signal control, and transit signal pri-
ority.

Adaptive Signal Control Technology Deployment

As part of the programmed technology upgrade to County’s
traffic signal system, DTPW, in partnership with FDOT, has be-
gun upgrading the entire traffic signal system from the
model170 controller to the new model2070LX controller to
enable the traffic signal infrastructure to be integrated with
connected vehicles. As part of the initial deployment phase,
DTPW selected 12 arterial corridors as pilot projects where
advanced traffic management strategies will be deployed and
evaluated. The new model2070LX controllers and ATMS with
adaptive control capabilities will be installed on these corri-
dors (300 traffic signals) that will allow the deployment of CV
technologies including Multi-Modal Intelligent Traffic Safety
System (MMITS), Signal Phase and Timing (SPaT) messages,
and queue warning technologies. FDOT has begun a study to
evaluate how Freight Signal Priority (FSP) using CV technolo-
gies can support freight mobility in the area surrounding MIA.
The SMART Loop includes the SW 8t Street and LeJuene
Road which are two of the pilot corridors, providing a signifi-
cant opportunity to implement and evaluate the safety per-
formance of intersection-based CV applications.

ATMS, ICM and CV Technology Deployment on Freeways

MDX has deployed a comprehensive suite of Advanced Traffic
Management Systems (ATMS) capabilities (with traffic sen-
sors, closed CCTV cameras, DMS and ATMS software). MDX's
traffic management systems are linked to the FDOT District 6
Transportation Management Center, allowing both agencies
to work together in the management of traffic flow and inci-
dents. The backbone of this system is a redundant fiber optic
communications network that covers the entire MDX system
and provides redundant, and, in some cases, primary links to
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other partners such as FDOT, FTE, and the Port of Miami Tun-
nel. MDX has allocated funding to start, in 2017, the installa-
tion of V2I equipment on SMART 836.

A multimodal travel and integrated corridor management
(ICM) initiative is being implemented in the region that will
involve integrating the transportation operations on SMART
836 with DTPW traffic signals on parallel and crossing arterial
roads, including SW 8% Street and LeJuene Road. Compo-
nents of the ICM include the establishment of traffic signal
timing response plans to be activated by SunGuide software
when events occur on SMART 836, advance messaging and
alerts, including queue warnings to, video sharing among
agencies, and additional detection capabilities along the cor-
ridor to monitor traffic conditions on SMART 836 and ap-
proved alternate routes. The region has also developed a per-
formance dashboard that can be used to monitor the perfor-
mance on its corridors and can be produced by the web-
based ITSDCAP, mentioned earlier.

Advanced Transit Management System and AV Technology
DTPW has implemented one of the most advanced transit
management systems in the region including AVL, APC, secu-
rity system, DMS, etc. DTPW, in partnership with FDOT and
FDOT, is currently installing Mobileye crash avoidance devices
on 10 Metrobuses in a pilot program to test the safety per-
formance and effectiveness of these AV technologies.

In addition DTPW and FIU have been discussing plans for a
potential pilot project to operate autonomous vehicle shuttle
that operate at low speed in Downtown Miami and FIU (main)
campus.

AUTHORIZATION FOR THE PROVING
GROUNDS TO ADDRESS REGULATORY CHAL-
LENGES ASSOCIATED WITH HIGHER LEVELS OF
AUTOMATION

FLORIDA LEGISLATION

Florida was the second state to adopt legislation allowing for
research, development, and testing of AV technology on pub-
lic roadways. Therefore, in addition to national guidance and
standards, the Smart Loop will fully comply with the State AV
Legislation issued in 2012. This legislation permits operation
of AV on public roads by individuals with a valid driver license.
This legislation eliminates the requirement that the vehicle
operation is being done for testing purposes and removes a
number of provisions related to vehicle operation for testing
purposes. It also requires autonomous vehicles to meet ap-
plicable federal safety standards and regulations, which is a
main principle of the SMART Loop initiative.
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LOCAL AUTHORIZATION AND SUPPORT

In addition to the State Legislation, the MDX Board of Direc-
tors approved on December 6t 2016 a resolution designating
portion of SR-836 as a providing ground for AV and CV tech-
nologies. Examples of local support for the testing and de-
ployment of AV and CV technology includes the resolution
approved by the MPO Governing Board on December 8%,
2016, supporting this application, for Miami-Dade County to
be designated as one of USDOT AV Proving Ground Pilots.

TESTING OR DEPLOYMENT UNDERWAY TO DE-
TERMINE AUTOMATED VEHICLE TECHNOLOGY
FEASIBILITY

The following projects are on-going, programmed, or
planned.

DTPW AND FDOT AV AND CV TECHNOLOGY INITIATIVES
Adaptive Signal Control Technology Deployment

DTPW's Advanced Traffic Management System Project, Phase
3, consists of upgrading the County's signal controllers to V2I
capable 2070LX controllers. The fully funded technology de-
ployment on 12 pilot corridors commenced in fall 2016. The
funding allocation is included in the FY2016-17 DTPW's Pro-
posed Budget and Multi-Year Capital Plan adopted on Octo-
ber 1%t 2016 (http://www.miamidade.gov/budget/FY2016-
17/proposed/library/transportation-and-public-works.pdf)

Mobileye Collision Avoidance Technology Deployment

The installation of Mobileye crash avoidance devices on
DTPW's buses is programmed to start early in 2017. This pro-
ject is fully funded by FDOT and I'll be carry out via partner-
ship between DTPW and FDOT and FIU.

On-Demand Autonomous Shuttle Deployment

DTPW and FIU have been discussing plans for a potential pilot
project to test and deploy an on-demand autonomous vehi-
cle shuttle that operate at low speed in Downtown Miami and
FIU campus.

CV-Based Technology Application for Freight Operations
Installation of CV-based technologies on NW 119t Avenue
for freight applications.

MDX'’'S CV TECHNOLOGY INITIATIVES
MDX has identified the implementation of the following CV
technology initiatives on SMART 836 for Fiscal Year 2017.

SMART 836 CV Technology Deployment

Installation of DSRC-based roadside equipment (RSE) and on-
board equipment (OBE) units on SMART 836 to exchange
safety and travel related information in a safe environment.

V2I Mobility Applications Deployment
Implementation of V2I-based mobility applications to en-
hance the FDOT's SunGuide Traffic Management Center



http://www.miamidade.gov/budget/FY2016-17/proposed/library/transportation-and-public-works.pdf

http://www.miamidade.gov/budget/FY2016-17/proposed/library/transportation-and-public-works.pdf



USDOT |OFFICE OF THE SECRETARY (OST)
AUTOMATED VEHICLE PROVING GROUND PILOT
MIAMI-DADE DTPW'S PROPOSAL | MIAMI-DADE’S SMART LOOP

(TMS) software. Several years ago FDOT implemented a Con-
nected Vehicle module as part of a demonstration project
during the Annual ITS America Event. .MDX plans to review
this module and update it as needed with new features and
technological capabilities.

DSRC-Based Application for Pavement Surface Analysis
Development of a pavement surface analysis application us-
ing DSRC as the communication infrastructure. This initiative
will consist of an application to evaluate the conditions of the
roadway and reporting in real time using DSRC communica-
tion back to MDX's Fiber Optic backbone.

Bluetooth and Wi-Fi Readers Technology Deployment
Deployment of Bluetooth and Wi-Fi readers technology to
improve data collection capabilities. With the deployment of
Bluetooth and Wi-Fi readers it is expected to improve data
collection capabilities, travel time, as well as, origin and des-
tination information accuracy and reliability for distribution
and dissemination to the public

READINESS

READINESS FOR TESTING BY JANUARY 1, 2018

As stated in the previous section of this application, SMART
836 will be soon fully covered with CV DSRC-based RSE. This
deployment will be supported by an enhanced SunGuide
Traffic Management Center software to collect and archive
the data. The parallel arterials will be equipped with state-of-
the-art controllers that will allow CV and V2I technology ap-
plications. FIU labs and campus signals will be provided by
the same technologies to allow testing prior deployment. In
addition, data analytic tools have been developed and used
to analyze the data from multiple sources.

THE FACILITY SUPPORTS TESTING BY MULTI-
PLE USERS, OR THE DATA GENERATED BY THE
PROVING GROUND IS SHARED OPENLY TO
THE PUBLIC

The SMART Loop management team will develop a detailed
plan on processes to allow multiple users to test their equip-
ment on the SMART Loop, as long as they meet the docu-
mented requirements, specification, standards, and policies
of the SMART Loop initiative, which as stated earlier also en-
sure compliance with the national and state ones. In addition,
the unique combination of facility types and operations (in-
cluding FIU campus area) provides opportunities for testing a
wide range of AV and CV technology applications.
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DESIGNATED POINT OF CONTACT
The designated point of contact for the SMART Loop:

Mr. Carlos Cruz-Casas, P.E.

DTPW |Assistant Director

Address| 701 NW 1%t Court, Suite 1700 Miami FL 33136
Phone| (786)442-5248

Email| cruzc@miamidade.gov

PUBLIC ENGAGEMENT AND OUTREACH

An outreach and communication plan will be developed to
work with the communities to communicate information and
address any concerns. Community groups and advocates will
be included in the stakeholder groups mentioned earlier. It
should be mentioned that the ITS public agencies in South
Florida have long experience in such activities and have hired
consultants that have focused on these activities. This effort
has been instrumental in successful implementation and op-
erations of strategies such as ramp metering and managed
lanes, which were expected to be faced with concerns from
communities in the region but the outreach and public rela-
tion activities in the three main languages in the region
proved to be very effective in relieving these concerns.

TRANSPORTATION OUTREACH PLANNER TOOL

The project team plans to employ the MPO'’s Transportation
Outreach Planner tool developed by FIU's Geographic Infor-
mation Systems and Remote Sensing Center (FIU-GISRSC) in
2003. This is a web-based tool primarily utilized by Public In-
volvement Managers/Officers and Planners in the transporta-
tion field (both public and private), to develop an effective
public involvement (PI) program and accomplish the Title VI
goal of properly identifying attitudes and issues facing a par-
ticular community. The tool utilizes ‘Sociocultural Effect’ prin-
ciples (evaluating the effects of a transportation action on
communities and their quality of life) to evaluate and incor-
porate community considerations into the planning and de-
velopment of transportation plans, programs, and projects.

The tool, used by Miami-Dade, Broward and Palm Beach
MPOs, is composed of three (3) segments: (1) Customized De-
mographic Reports, an interactive GIS mapping tool that con-
tains demographic data that produces a comprehensive pub-
lic involvement plan report for the end user. (2) Public Out-
reach Strategies containing a multitude of public involvement
tools (PIT), which have been collected, researched, and pre-
sented in a standardized format listing definitions, descrip-
tions, target demographic group(s), steps needed to imple-
ment the strategy, and case studies associated with each
strategy, whenever possible. (3) Community Background Re-
ports (CBR) provided at the municipality and neighborhood
level.
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USDOT |OFFICE OF THE SECRETARY (OST)
AUTOMATED VEHICLE PROVING GROUND PILOT
MIAMI-DADE DTPW'S PROPOSAL | MIAMI-DADE’S SMART LOOP

ANTICIPATED CHALLENGES AND OPPORTUNITIES

The only anticipated challenge is maintaining the tool (tech-
nology application) for its primary intention; to serve as a
function in assisting end users to develop effective public in-
volvement plans for transportation projects. When individuals
are first introduced to the tool, they are fascinated at how
easy and useful it is. While this is a positive response, some-
times there are requests to add features that do not support
the intended use. It is at these times that we must clarify the
end use, and stand firm on that decision. Ultimately, this is a
project funded by USDOT to serve its primary function, not to
veer off course to serve other interests.

ADHERENCE TO LAWS, REGULATIONS, AND
FEDERAL POLICY

HOW SMART LOOP WILL ADHERE TO ALL LO-

CAL AND STATE REGULATIONS

As mentioned earlier, the SMART Loop will adhere to all ap-
plicable local, state, and federal laws and regulations. The
SMART Loop will require that manufacturers and other in-
volve entities provide reports regarding how they meet rele-
vant laws and regulations. As needed, these will be tested us-
ing simulation and/or operation on closed track before im-
plementing on SMART Loop freeways and urban arterials.

As higher level of automation are tested, we will ensure that
these vehicles meet local regulations such as speed limits,
traffic control devices, one-way streets, access restrictions,
permissive left-turn, U-turns, right turn-on-red., metering
ramps, and other traffic circumstances and situations.

CAPABILITY TO ADHERE PRIMARY SUBJECT
AREAS OUTLINED IN THE NHTSA POLICY FOR
AUTOMATED VEHICLES (FEDERAL AUTO-
MATED VEHICLES POLICY: ACCELERATING THE
NEXT REVOLUTION IN ROADWAY SAFETY)
FOR ANY TESTING OR DEPLOYMENT OF L3-L5

SYSTEMS ON PUBLIC ROADS

As described earlier, all NHTSA policy and guidance will be
adhere to. This include cross cutting issues applied to all au-
tomation levels such as data recording and sharing capabili-
ties; cybersecurity; HMI design, crashworthiness/occupant
protection, and consumer education and training, in addition
to level-specific ODD and OEDR for normal conditions, ex-
pected events, and unexpected events discussed in the Safety
Commitment section of this proposal. It should be mentioned
that many of the areas listed above are also applicable to the
lower levels of automation (Level 2 or below) and will be re-
quired when testing these levels also.
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Michigan State University Campus Pilot Mobility Proving Ground
Designation
In response to DOT-0ST-2016-0233: Solicitation of Proposals for Designation of Automated Vehicle

Proving Grounds Pilot

Principle Investigators: John Verboncoeur (johnv@egr.msu.edu), Wolfgang Bauer, Hayder Radha,
Tim Gates
Designated Safety Officer: Mr. John Prush, Deputy Director of Management Service Bureau

Designated Point of Contact: Prof. Wolfgang Bauer (bauerw@adminsv.msu.edu)

Application Type: University Campus
Institution: Michigan State University, East Lansing, MI, 48824-1226

Abstract:

A pilot mobility proving ground designation for the campus of Michigan State University (MSU) is
proposed. The designation will enable MSU researchers to participate in the national development of
technologies and processes for mobility, including connected, autonomous vehicles, pedestrians, and
cyclists. As a major university campus with over 60,000 personnel and a contiguous campus-
managed transportation network covering an area of over 15 square miles with a land utilization
profile ranging from rural to suburban to high-density urban, MSU is an ideal place to develop
mobility technologies for vehicles, infrastructure, and optimization and management tools.
Coincident with plans to upgrade campus infrastructure to enhance safety and efficiency, researchers
will be involved in developing vehicle technologies, infrastructure technologies, and system
integration technologies that enable real time optimization and management of routine and
emergency mobility on campus. The proposed pilot proving ground designation will enable MSU to
participate in bidirectional sharing of technologies, data, processes, and policies with other campuses
and urban centers to improve safety and efficiency of urban mobility systems nationwide. This

coordinates well with ongoing research activities on campus.

1 Introduction

The field of transportation engineering seeks to develop innovative and practice-ready solutions that
improve both mobility, accessibility, and safety while doing so in a manner that is economical and
sustainable. To that end, it is crucial to study the impacts that autonomous vehicle system (including
connected vehicles) technologies will have on accessibility, mobility, and safety, of transportation
systems, while using the results to guide proper infrastructure planning and design. The

transportation area group housed within the Department of Civil and Environmental Engineering at
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Michigan State University has been extensively involved in research on transportation safety,
mobility, and infrastructure planning, within Michigan and elsewhere. The following paragraphs
provide brief summaries of how the transition from human operated vehicles to autonomous

vehicles will impact traffic related research in these areas.

Safety Impacts. Each near, more than 32,000 people die on our nation’s roadways. Although this
number remains unacceptably high, life-saving progress is clearly being made (more than 40,000
persons were killed a decade ago) through various nationwide policy initiatives, including the federal
Toward Zero Deaths initiative. Nevertheless, numerous transportation safety issues persist.
Transportation safety researchers at MSU have been working for decades to identify and address
such issues, creating a safer environment for all users of the transportation network. However, the
safety impacts that will result from an increasing presence of autonomous (and connected) vehicles

remains unknown.

Highway Safety Studies. Several recent projects by MSU researchers have considered the safety-
related impacts of transportation policies involving speed limits, roadside safety devices, highway
rumble strips, traffic signalization techniques, roundabouts, and pedestrians and bicyclists.
However, none of these projects considered the impacts of connected or autonomous vehicles.
Although connected and autonomous vehicles are expected to improve efficiency and safety by
reducing the human influence from vehicle operation, there are still other human factors and
behaviors that will remain within the transportation network, such as non-motorized travel modes,
including both pedestrians and bicyclists, which are particularly vulnerable. Therefore, future
research is needed to determine the impacts that autonomous vehicles will have on traffic safety,

particularly during the transition period from a fully-human to fully-automated driving environment.

Traffic Control Devices. Traffic control devices, including pavement markings, traffic signs, traffic
signals, and work zone delineation devices are another area where the transition from human to
autonomous will have substantial impacts. This means that all plans, designs, and strategies will
gradually need to consider increasing penetration rates of connected vehicles and later automated
vehicles with varying levels of automation. For example, to assist with lane positioning of an
autonomous vehicle, pavement markings will need to be interpretable and consistent across all
jurisdictions and during all weather conditions and times of day. Deterioration of these devices must
be considered, as degraded markings will inherently provide less luminance contrast for machine-
vision systems to interpret. Similarly, highway guide signs, which are notorious for being
inconsistently applied throughout the United States, must also undergo a full review for consistency

and readability by autonomous vehicles. Traffic signal timing, particularly during the change
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(vellow) and clearance (red) intervals will also be impacted, as the reliance on human reaction and

response to these signals are diminished.

Highway Work Zones. Perhaps the most challenging traffic control device aspect related to
autonomous vehicles involves highway work zones due to the dynamic nature of the work zone
environment. All work zone traffic control devices (channelizers, pavement markings, signs,
barricades, etc.) must be designed to accommodate both humans and vehicle sensor technology. For
example, queue warning messages, which when used in work zones with connected vehicles, may
provide users in connected vehicles with congestion warning messages to slow down and/or reroute.
However, connected and especially autonomous vehicles present unique challenges when presented
with the unique characteristics of work zones, including unusual traffic routing patterns, and the
presence of workers, work vehicles/equipment, and traffic control devices all within very close
proximity to travel lanes. As a result, work zones may require specific devices and instruments to
facilitate application of connected and autonomous vehicles. Roadside infrastructure for vehicle-to-
infrastructure communication will need to be strategically placed both in advance of and within the
work zone. Because work zones likely present conditions that would require transfer of autonomous
control back to the driver, it will be necessary to alert the vehicle and driver far ahead of the work
zone such that control can be safety transferred in advance of the work zone. Finally, for automated
vehicles that work with exact GIS data, it will be necessary to update the modified GIS information
for the work zone area and provide driverless vehicles with the updated information. Future research
is needed to explore different methods and strategies to accommodate the transition period from
human to connected/autonomous vehicle networks, in addition to work zone design for the fully

autonomous system of vehicles.

Mobility Impacts. For decades, the dynamics of traffic congestion in urban areas has been modeled
and using a variety of network traffic simulation tools. Although simulation has long been used to
model network travel patterns, connected vehicles will not only change the fundamental input
parameters for simulation models (spacing, capacity, reaction time, acceleration performance,
braking performance, etc.), the vehicles will also provide input data for use in the computer models.
Furthermore, the influx of connected and autonomous vehicles will greatly impact the algorithms
used in network modeling software, since these vehicle systems will allow for a network optimization
approach (through systems connectivity), versus the traditional route optimization at the individual
user level. Thus, consideration of connected and autonomous systems will require re-calibration and
re-validation of these mobility models to account for this shift away from user optimization to

network optimization.
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In addition to congestion, travel time uncertainty is also present in transportation networks. Traffic
incidents, work zones, weather conditions, special events, traffic control devices, fluctuations in
demand, and inadequate base capacity are the source of these uncertainties. Different users have
different responses to this travel time uncertainty based on their personality and risk acceptance. On
the other hand, the data collected by connected and autonomous vehicles will provide important
travel time distributions for these models. Also the real-time information on congestion pattern and

special events can be used to improve network reliability performance.

Another area where connected and autonomous vehicles may play a major role relates to minimizing
the disruptive effect of inclement weather on traffic congestion and delay, that occurs due to reduced
capacity, diminished network reliability, and greater crash. To mitigate the impacts of adverse
weather on highway travel, the FHWA Road Weather Management Program (RWMP) has been
involved in research, development, and deployment of weather responsive traffic management
(WRTM) strategies and tools. Connected and autonomous vehicles will decrease the weather
disruptive effects significantly and these effects will need to be considered in Traffic Estimation and

Prediction Systems (TrEPS) to improve the capabilities of WRTM systems.

Transportation Infrastructure Planning. With increasing market share of connected and
autonomous vehicles, planning for the infrastructure to communicate with these vehicles has
attracted more attention. Connectivity of vehicles along with the availability of infrastructure affects
the market acceptance of these vehicles. Thus, optimization of the level of this connectivity or the
level of information send/received, while considering the tradeoffs between cost, safety and market
share is necessary. During the recent years the focus of the MSU transportation area group has been
on optimizing policies affecting various types of alternative fuel vehicles, specifically electric vehicles.
The tool developed by the researchers of this group has the ability to predict market evolution of
different vehicles’ sales. This Infrastructure Planning Tool (IPT) gathers the information on users,
vehicle type, fuel and maintenance cost, availability of infrastructure, and the expected growth rate.
The IPT analyzes the data and proposes an optimum policy which includes improving and expanding

current infrastructure and/or diverse pricing scenarios.

IPT can be used to test various pricing and planning scenarios. The outputs of this tool include, cost
and emissions from each policy, an optimum policy with minimum cost and emission, and market
share evolution of these vehicles through the life time of the study. It will be necessary to modified
this tool to incorporate connected and autonomous vehicles, their characteristics, including the level
of information disseminated to predict market acceptance and revenue generated from these

vehicles.
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Recent developments in the field of mobility include the development of connected autonomous
vehicles (CAVs), smart infrastructure, and hardware and software mobility management tools to
integrate the technologies into a system capable of optimization and management of urban mobility.
Mobility optimization and management can enhance both efficiency and safety by managing the
interactions between vehicles, and between vehicles, pedestrians, and cyclists. Optimization may
include reduction of time to destination, maximization of fuel economy, minimization of emissions,
and reduction in interactions with cross traffic, pedestrians, and cyclists using a centrally managed
combination of vehicle, infrastructure, and personal electronics technologies. For example,
platooning vehicles and pedestrians using smart traffic signals, so that cross traffic arrives at
intersections out of phase, can result in fewer stops and less time waiting for both, with resulting
benefits to safety and efficiency. These techniques, scaled for large urban areas, can also have
measureable effects on emissions, so that urban areas that are smog-prone can recognize improved
air quality as well as reduction of fines for violations. Management of peak mobility events including

large sports or other entertainment events or emergencies, is also possible with a system approach.

Mobility interactions are a particular challenge on University campuses, where cyclic classes and
vehicle traffic peaks at the start and end of the work day as well as during the lunch hour result in
significant variability. MSU has started to reimagine pedestrian and vehicular traffic optimization
with an eye on improving traffic safety, enhancing vehicular flow, and reducing pedestrian commute
time between classes and between buildings. Certain campus initiatives are already underway in this
regard, as MSU has initiated plans to upgrade key features of the transportation network, including

traffic signal controllers, sensors, and data collection devices.

MSU has more than 50 acres of parking lots, which are used for commuter and student parking. These
parking lots are on campus and connected to the teaching and research parts of campus via regular
bus lines. The same bus system also has an on-campus hub, which was established one decade ago,
and which connects the university to the regional public transportation system. This is a partnership
with CATA, the Capitol Area Transportation Authority. Connecting the various commuter parking lots
to central campus and the public transportation terminals is one of the projects MSU envisions as a

future use of autonomous vehicles on campus.
MSU also benefits strongly from having its crash data included in the award-winning Michigan Traffic

Crash Facts (MTCF) website, which provides convenient public access to the official annual crash

data (sanitized to remove personal identifiers) for all public roadways in Michigan.
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2 Mobility Studio

Michigan State University has recently developed a system approach to mobility, called Mobility
Studio. Mobility Studio includes three key components: Connected Autonomous Networked Vehicles
for Active Safety (CANVAS), smart infrastructure, and mobility optimization and management.
Mobility Studio research is underway in each of these areas within the College of Engineering, and
plans to study and deploy technologies to enhance campus safety and efficiency are underway using
a combination of developed and commercial technologies in collaboration with industry, other

academic institutions, and the Michigan Department of Transportation (MDOT).

Key areas of research, such as cybersecurity and connectivity, are common across the component
areas of Mobility Studio. Integration of these technologies with existing commercial technologies for
CAVs and smart infrastructure, as well as personal electronics such as mobile phone technologies,

can be used to enhance safety and improve mobility services.

2.1 CANVAS

Connected and Autonomous Networked Vehicle Active Safety (CANVAS) comprises a comprehensive
and integrated initiative that can enhance state-of-the-art and key sensor, data fusion, and deep
learning technologies at MSU. More specifically, the CANVAS vision is centered around three areas of

research where CoE faculty members have been making key contributions:
1) EM-based sensing and analysis
2) Visual and Lidar sensing and analysis
3) Connected vehicle networking & cybersecurity

By integrating MSU’s strengths and expertise in the aforementioned areas, MSU can position itself to
take a clear leadership in an area that is becoming increasingly critical and impactful for the
automotive industry. The proposed CANVAS center-level activities can be divided into multiple

strategic efforts:

Enhancing state-of-the-art active safety solutions. It is clear that many leading automotive
manufacturers have developed advanced technologies for active safety in support of their collision
warning and avoidance systems. Some ongoing research at MSU can make key contributions toward
helping the automotive industry further enhance their state-of-the-art systems. Evidence of such
contributions includes close interactions of ECE faculty with key players of the auto industry, and
more importantly, recent support that ECE faculty have received from major players in the area of

active safety.
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Taking the lead in networked connected-vehicle active safety. A crucial aspect of the CANVAS
initiative is the integration of visual scene analysis, radar and EM-based sensing with efficient, real-
time, and secure connected vehicle networking. The vision for this integration is to move active safety
to a new level of performance that is beyond what can be offered based on current state-of-the-art
solutions. In principle, current active safety technologies primarily focus on the particular, individual
vehicle that is being supported and whose environment being sensed and monitored, but with
minimal communication or sharing of vital information with surrounding vehicles. Such framework
although may provide adequate safety for individual vehicles, it can’t guarantee the best optimal
safety scenario for all of the vehicles, pedestrians, and cyclists within a given scene. CANVAS will
move toward sharing and exploiting, in real-time, the collective data sensed and captured by multiple
nearby vehicles to paint a more robust and safer picture for all vehicles and people within a given
situation. This networked-based approach to active safety will represent a cornerstone for CANVAS
research at MSU. More importantly, development of cybersecurity mechanisms for connected

vehicles will be crucial for the viability of these networked vehicles.

Developing key technologies and establishing a foundation for autonomous vehicle research
and development. [t is well known that autonomous cars represent a crucial and strategic direction
for the automotive industry. Furthermore, technologies developed for active safety are inherently
related to autonomous vehicles. Consequently, the CANVAS related activities could play a major role
in positioning MSU as a key player in autonomous vehicle R&D. This could lead to strategic
relationships not only with traditional industry manufacturers, but also with emerging key players

such as Google.

CANVAS Related Education and Outreach. Establishing a center-level activity around the CANVAS
initiative can include an important education and outreach component with the automotive industry,
government agencies and other players. This includes offering specialized and online courses on
specific topics of an interest to engineers, managers and researchers within the auto industry. Such
topics may include antenna design, electromagnetic interference and compatibility, mobile and

sensor networks, image processing and computer vision, and advanced signal processing.

2.2 Smart Infrastructure

Recent technology advances are rapidly transforming transportation infrastructure, and enabling
new capabilities that can impact CAVs and conventional vehicles alike. As one of the leading academic
institutions in machine vision, pattern recognition, and deep learning, development of smart

infrastructure provides many opportunities for application. The development of cameras on traffic
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signals enables moving from timed signals to smart signals that adjust for actual traffic conditions in
order to minimize wait times, or that can recognize vehicles by type and determine trajectories which

will exceed stopping capabilities, mitigating accidents by holding lights slightly longer.

One of the key advantages of an MSU Designated Proving Ground is testing in four seasons, with rain,
snow, ice, sand, leaves, and water to obscure lane markings and interfere with signals, visual sensing
via cameras, and lidar, as well as interfering with radar. Overcoming these challenges is required for
full autonomy, and will require technological advances in infrastructure. Furthermore, deployment
in the vast majority of US roads that lack access to power requires new technologies for providing
lane markings in poor visibility. MSU has developed networked vibration-harvesting accelerometers
for measuring vibrational modes on bridges, with ongoing research on major Michigan bridges.
Adapting this technology to provide lane markings, for example in pairs to provide position and

directionality can provide additional information for CAVs in rural areas.

MSU has one of the top groups in electromagnetics, from sources to antennas to electromagnetic
interference. These technologies will be key elements in mobility infrastructure where directionality,

range, and low power may be important features in connected infrastructure.

2.3 Mobility Management

Transportation infrastructure planning foci is on providing mobility and accessibility through
various land uses and communities. Urban planning studies and the businesses in the area have
mutual effects on one another. Therefore, each business especially production units need to consider
infrastructure planning for their success. The transportation infrastructure planning team at MSU
has conducted advanced research in policy optimization to move people and goods through the
network. The overarching goal of this section includes, but is not limited to maximizing market
acceptance, increase mobility, increase the environmental benefits, and maximize safety; while
minimizing cost and emissions of different types of vehicles and infrastructure. The costs are both
the user cost and manufacturing cost, considering supply chain delays and transportation costs.
Market acceptance is affected by the features of the vehicle, availability of infrastructure and

maintenance costs and hassles.

These planning studies consider the tradeoffs within the system, which are the results of conflicting
interests in the system. Among the most important tradeoffs, maximizing the coverage while
minimizing the cost is worth investigating. These tradeoffs have been studied to some extent in some

recent research studies of the MSU’s transportation infrastructure planning team for alternative fuel
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vehicles. We are currently investigating these tradeoffs in emerging connected and autonomous

vehicles.

With increasing market share of connected and autonomous vehicles, planning for the infrastructure
of these vehicles has attracted more attention. Thus, taking the lead in planning for infrastructure of
connected and autonomous vehicles has become crucial. These infrastructures include in vehicle and
on-road infrastructure. As the on-road infrastructure propagates the market acceptance of these
vehicles grows. However, the safety concerns rise when there is a mixed fleet of conventional and
autonomous vehicles on road. These concerns can be addressed by the amount of information
transferred among the vehicles and between vehicles and infrastructure. Connectivity of vehicles
along with the availability of infrastructure affects the market acceptance of these vehicles. Thus,
optimization of the level of this connectivity or the level of information send/received, while
considering the tradeoffs between cost, safety and market share is necessary. Producing these
vehicles with various communication capabilities affects the supply chain of the production line
through time. With a mixed fleet of vehicles on road, the supply chain of conventional and
autonomous vehicle parts should also be combined and designed to minimize the total production

cost,

while
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maximizing the production pace and the market acceptance of the produced vehicles.

During the recent years the focus of this research group has been on optimizing policies affecting
various types of alternative fuel vehicles, specifically electric vehicles. The tool developed by the
researchers of this group has the ability to predict market evolution of different vehicles’ sales. This
Infrastructure Planning Tool (IPT) gets the users’ information and types of vehicles as inputs. The
other inputs are fuel and maintenance cost, availability of infrastructure, and the expected growth
rate. IPT proposes an optimum policy which includes improving and expanding current

infrastructure and/or diverse pricing scenarios.

IPT can be used to test various pricing and planning scenarios. The outputs of this tool include, cost

and emissions from each policy, an optimum policy with minimum cost and emission, and market
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share evolution of these vehicles through the life time of the study. This tool can be modified to
incorporate autonomous vehicles, their characteristics, including the level of information

disseminated to predict market acceptance and revenue generated from these vehicles.

Michigan State University is studying campus mobility and existing commercial smart infrastructure
along with developing technologies and processes, with plans to upgrade campus infrastructure with
two key performance goals. The first goal is safety, in which reduction in vehicle-cycle-pedestrian
encounters, as well as elimination of human error, are the key drivers. The second goal is efficiency,
which may be defined as tenability among time to destination, fuel economy, or greenhouse gas or
other emissions for combustion powered vehicles. For electric vehicles, the goals include time to
destination, battery range, and battery lifetime. These goals may be achieved by an integrated system
approach, in which vehicle and infrastructure are monitored and controlled by a central system

designed for tunable optimization.

3 Selection Criteria

3.1 Mandatory Criteria

Michigan State University has established its own Department of Public Safety with more than 80
officers, currently under the direction of Chief Jim Dunlap. This department has police authority on
the grounds of Michigan State University’s more than 15 square miles of contiguous campus area.
The Designated Safety Officer for the proposed pilot mobility proving ground will be Mr. John Prush,
Deputy Director of Management Service Bureau. His team will also be in charge of storing and

appropriately sharing data on testing and operating autonomous vehicles on campus.

MSU is committed to developing and sharing data and approaches to enhancing safety developed at
the proposed Proving Ground, including data obtained in controlled tests as well as operational data.
As one of the largest university campuses in the US, with mobility density varying from high-density
pedestrian intensive sectors to low density agricultural sectors on a contiguous campus with train
tracks, a power plant, and one of the largest campus-run food and dormitory systems in the nation,
MSU can offer unique data on many types of interaction, with a population able to accept new
technologies, and the benefit of four seasons, and all the varied equipment required to manage the

large and diverse facilities.

3.2 Proposed Contributions
The proposed MSU Proving Grounds will enable contributions in a number of key areas, including
unique areas not presently covered by other proving grounds, to our knowledge. With the wide range

of mobility densities from rural to pedestrian intense urban, and its four seasons, MSU will offer
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unique opportunities not available on corporate test tracks. Along with MSU-developed CAV and
infrastructure technology, and integrated mobility monitoring and management software, the MSU
Proving Ground can support advanced situational testing opportunities. MSU intends to be a leader
in the area of system integration, and hosting CAV and infrastructure testing will provide the basis

for system architecture research and development.

MSU has its own CAV program (Sec. 2.1), and will also review applications for corporate and academic
institutions requesting use of the facility. In particular, testing of heterogeneous components is of

particular interest.

MSU will participate in the Mobility Community of Practice, including data and process sharing, and
hosting workshops bringing together top researchers with companies developing large scale
mobility solutions. MSU has a strong record as a national leader in the area of pavement preservation,
as the site of the National Center for the Preservation of Pavement (NCPP), as well as the site of a DOT
University Transportation Center on pavement research. The NCPP provides workshops on best
practices and methods, a methodology that will serve well in dissemination of mobility information.
MSU anticipates increased ties to the Michigan DoT as well as the US DoT, both through R&D
activities, and through sharing of best practices through publications, workshops, and conferences at

MSU and externally.

3.3 Commitment to Safety

MSU has established a standing committee on safety and security with regularly scheduled quarterly
meetings, which unifies communications between the Department of Public Safety, the Department
of Information and Technology Services, emergency responders, and various interested campus
units. Co-PI Dr. Bauer currently chairs this committee. The safety officer for the Autonomous Vehicle
Proving Grounds will be a member of this standing safety and security committee, thus providing

effective two-way communication between the project and the campus community at large.

Dr. Richard Enbody of Computer Science and Engineering leads a team of undergraduates, graduates,
and MSU staff working on developing cyber-defense skills in the automotive domain. Scoring
vulnerabilities proved to be critical for developing defenses to cyber-attacks on networks and
servers. Consequently, our team developed a protocol allowing the system-focused CVSS scoring
system that can be applied to cyber-attacks on vehicles. In addition, we have been analyzing a Ford-
supplied instrument cluster to develop cyber-attack skills for the group while probing for

vulnerabilities.
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3.4 Research, Application and Data Sharing

MSU is capable of hosting cloud acquired from data from mobility testing, and making that data
available to collaborators. Data ranging from the training data for deep learning modules in CAVs or
smart infrastructure can be acquired in operations, and post-processed to improve algorithms for
decisions making both internally and externally, MSU is also a planned collaborator in MCity in Ann
Arbor, as well as the planned American Center for Mobility, and will seek to fuse the data from the
varied experiences at all these sites, as well as participating in efforts to make the data available

nationally.

3.5 Demonstrated Investments

In the last few years MSU has invested more than $15 million in campus transportation to enhance
emergency vehicle access and remove possible collision points with railroad traffic by building
underpasses. During the previous year MSU has begun installing cameras at intersections and set up
the process of utilizing a traffic management software system to create an adaptive, connected traffic

control system.

MSU has a campus master plan for locating new buildings, roads, and parking lots. This master plan
provides a flexible framework for guiding the physical organization of the campus. It is updated
periodically in response to new initiatives. The campus mobility plan, which is under current
discussion, will interface with the master plan and provides a framework to improve campus mobility

for all.

MSU has invested in a fully instrumented Lincoln MKZ autonomous vehicle outfitted by
AutonomousStuff. In addition, Dr. Radha leads a team of faculty and students developing improved
sensors, acquiring data for deep learning to train the vehicle, and developing data fusion capabilities

to improve performance.

3.5 Readiness

MSU’s campus mobility planning consists of three sub-committees, mobility source management,
infrastructure, and mitigation & optimization. It is part of these committees’ responsibility to ensure
readiness planning for the proposed starting date of Jan 1, 2018 for the Designated Pilot Mobility
Proving Grounds. MSU’s Department of Public Safety will take the lead in designating areas that can
be considered part of these Proving Grounds. They can initially be closed tracks, but can also be
expanded to the entire campus once sufficient safety protocols are in place. Significant portions of
campus can be utilized for pedestrian-infrastructure interactions immediately, which entail a lower

technological challenge for safety since these will entail changes in infrastructure timing and
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responsiveness which follows existing pedestrian rules. In addition, data gathering via monitoring

technology described in Section 3.4 is already active.

3.6 Adherence to Laws, Regulations, and Federal Policy
The responsibility to assure that the facility will adhere to current Michigan and federal laws lies

within the MSU Department of Public Safety.

4.0 Personnel

John Verboncoeur is Professor of Electrical and Computer Engineering, Professor of Computational
Mathematics, Science, and Engineering, and the Associate Dean for Research in the College of
Engineering at Michigan State University. In the latter role, he oversees the research enterprise of the
College of Engineering, including research strategy and operations, fee for service activities,
compliance, and other aspects. His role in the proposed Pilot Mobility Proving Ground will include
oversight of the researchers, interface to state and federal government agencies on policy, interface
to companies in the connected and autonomous vehicle and smart infrastructure areas, and
development of funding for projects utilizing the facility. He is also leading a campus committee to
study and plan implementation of campus upgrades to mobility infrastructure to improve safety and

efficiency, reporting to the Executive Vice President for Administrative Services.

Wolfgang Bauer is a University Distinguished Professor in physics at Michigan State University. He
has been the chair of the Department of Physics and Astronomy from 2000 to 2013. In 2009 he
founded the MSU Institute for Cyber-Enabled Research and served as its director until 2013. Since
2013 he has been working as a Senior Consultant to the Executive Vice President for Administrative
Services. He is leading the campus mobility planning effort, and will serve as the Designated Point of

Contact for the Proving Ground

Hayder Radha is Professor of Electrical and Computer Engineering at Michigan State University. He
serves as Director of the CANVAS Center within the College of Engineering, with oversight of the
research and development activities for connected autonomous vehicles. His technical expertise is in
communications; image and video compression; image processing; multimedia communications over
packet networks; video coding and communications over the Internet and wireless networks;
modeling and analysis of the stochastic behavior of communication networks; wavelet, subband, and

multiresolution coding. Hayder will lead the autonomous vehicle component of the efforts.

Timothy Gates is an Associate Professor of transportation within the Department of Civil and

Environmental Engineering at MSU. He has extensive research experience in traffic engineering,
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traffic operations, traffic safety, and driver behavior. During his more than nine years as faculty at
MSU and Wayne State University, he has served as PI or co-PI on greater than $9.0 million worth of
externally funded research through competitive grant awards from agencies including the FHWA,
state DOTs, SHRP2, and NCHRP.

John Prush is Deputy Director of Management Service Bureau at Michigan State University. He will
serve in the role of Designated Safety Officer for the pilot mobility proving ground. His team will also
be in charge of storing and appropriately sharing data on testing and operating autonomous vehicles

on campus.
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Michigan State University
Hannah Administration Building
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MICHIGAN STATE
UNIVERSITY

December 19, 2016

Office of the Secretary
U.S. Department of Transportation

Subject: Michigan State University Campus Pilot Mobility Proving Ground Designation
In response to DOT-0ST-2016-0233: Solicitation of Proposals for Designation of Automated
Vehicle Proving Grounds Pilot

Dear Review Committee Members:

| write to strongly endorse the Michigan State University (MSU) Campus Pilot Mobility
Proving Ground Designation proposal to the Department of Transportation’s (DOT).

The designation will enable MSU researchers to participate in the national development of
technologies and processes for mobility, including connected, autonomous vehicles,
pedestrians, and cyclists. As a major university campus with over 60,000 personnel and a
contiguous campus-managed transportation network covering an area of over 15 square
miles with a land utilization profile ranging from rural to suburban to high-density urban,
MSU is an ideal place to develop mobility technologies for vehicles, infrastructure, and
optimization and management tools.

MSU already has many mobility initiatives underway on campus including the College of
Engineering’s Mobility Studio which takes a system approach to mobility, and upgrades to
campus traffic signals to utilize a traffic management software system and create an
adaptive, connected traffic control system. However, many campus mobility challenges
exist and our Office of the Executive Vice President for Administrative Services is taking the
lead on a Campus Mobility Plan. This plan will engage stakeholders across campus, connect
existing mobility initiatives, interface with the Campus Master Plan, and work to create a
forward looking framework for campus mobility. We commit that it will also be the
responsibility of this effort to ensure readiness planning for the proposed starting date of
Jan 1, 2018 for the Automated Vehicle Proving Grounds.

Michigan State University approaches mobility as an opportunity to create future-oriented
solutions for a better world. | applaud Drs. John Verboncoeur, Wolfgang Bauer, Hayder
Radha and Tim Gates for their vision and am pleased to offer our support to the
designation of MSU’s Campus as a Pilot Mobility Proving Ground.

Yours sincerely,

[l WApa

Satish Udpa
University Distinguished Professor
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December 19, 2016

Office of the Secretary

United States Department of Transportation
1200 New Jersey Avenue SE

Washington DC, 20590

Dear Secretary Foxx:

The United States Department of Transportation (USDOT) is requesting proposals from applicants to
form an initial network of multiple proving grounds, focused on the advancement of automated vehicle
technology (Docket No.: DOT-OST-2016-0233).

The Minnesota Department of Transportation (MnDOT) is pleased to propose the MnROAD research
facility as a designated USDOT Automated Vehicle Proving Ground. MnDOT and the MnROAD facility
offer several key strengths to support the designation as a proving ground for automated vehicles.

Established research facility to facilitate safe and immediate automated vehicle testing.
MnROAD has operated as a research facility for over 20 years with no serious injuries and no
crashes or incidents during research related activities. It has supported testing of automated
vehicle technologies dating back to the late 1990s.

All-weather environment to test automated vehicle performance under extreme temperature,
visibility and road conditions. Minnesota's distinct seasons provide an environment to test how
automated vehicles will perform under less than ideal roadway conditions. MnDOT also
guarantees the ability to produce and maintain snow at MnROAD to minimize the challenge of
scheduling testing around uncertain winter weather conditions.

Multiple pavement and roadway types to explore automated vehicle capabilities in the real
world. In addition to nearly 10 miles of controlled access, low and high-speed roadway for testing,
MnROAD offers a rare combination of both asphalt and concrete surfaces with over a dozen
textures — representing the variety of roads that automated vehicles will navigate.

Leadership in national forums actively contributing to automated vehicle communities of
practice. MnDOT participates in several national forums designed around leadership and peer
exchange, including ITS America's Leadership Circle, the Connected Vehicle Pooled Fund Study,
and the V21 Deployment Coalition.

Partnership with 3M to explore innovative traffic safety infrastructure for automated vehicle
operation. MnDOT's longstanding relationship with Minnesota-based 3M further strengthens
MnROAD as a proving ground for critical traffic safety infrastructure including pavement
markings, signing and temporary traffic control.

MnROAD offers a unique environment to broaden the research of automated vehicles and MnDOT
welcomes the opportunity to support automated vehicle development in this capacity. Questions
regarding this proposal may be directed to Jay Hietpas, State Traffic Engineer, at 651.234.7004 or
jay.hietpas@state.mn.us. Thank you for your consideration.

Smcerely,

d Q A *‘** wb =

Charles A. Zelle
Commissioner, MnDOT

395 John Ireland Boulevard, Saint Paul, Minnesota 55155-1800
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3M Traffic Safety and Security Division 3M Center, Building 0225-04-N-14
St. Paul, MN 55144-1000
651 733 1100

S

December 13, 2016

Jay Hietpas

Minnesota Department of Transportation
State Traffic Engineer

1500 West County Road B2

Roseville, MN 55113

Dear Mr. Hietpas:

The Minnesota Department of Transportation (MNnDOT) MnROAD Automated Vehicle Proving Ground
Proposal represents a unique model leveraging the strengths of industry and government as partners to drive
innovation in greater safety and infrastructure for automated and connected vehicles and public transportation.

3M, headquartered in St. Paul, Minnesota, is a global innovation company that never stops inventing. Over the
years, our innovations have improved daily life for hundreds of millions of people all over the world. 3M
technology has made driving at night easier, made buildings safer, and made consumer electronics lighter, less
energy-intensive and less harmful to the environment.

In the area of ground transportation safety, 3M Traffic Safety and Security Division is a leader in providing
technology solutions for "human vision™ such as improving pavement markings and traffic signs on roadways
and airport runways. In addition, 3M has pioneered materials technology development for the Marine, Aerospace
and Specialty and Commercial Vehicle markets.

Through the rapid advancement of autonomous and connected vehicles, 3M anticipates the need for physical
transportation infrastructure enhancements to support "autonomous perception.” The technology in this area is
quickly advancing and creating a tremendous growth area. 3M is interested in seeing this initiative advance so
that industry, university, and government resources can work together and innovate safe solutions. MNnDOT's
proposal presents an unparalleled platform for applied research in this emerging sector to enable greater safety
and the mission toward "Zero Fatalities.”

If you have any questions, please feel free to contact me directly at (651) 733-6499.

Regards,

/}/QM

Colin Sultan

3M Company

Global Business Manager, Traffic Safety and Security Division
3M Center, BLDG 225-4N-14

St. Paul, MN 55144





Introduction

MnROAD is a research facility owned and operated by MnDOT,
working with its partners. The facility is located in Albertville,
Minnesota, approximately 40 miles northwest of the Minneapolis-St.
Paul International Airport. The 40-acre facility features a 3.5 mile
stretch of 1-94 with mainline and bypass lanes and a 2.5 mile low

volume, closed track roadway — all equipped with embedded
electronic sensors to collect data. Short driving videos of the low
volume road® and 1-94 mainline? are available online.

Established Research Facility

The University of Minnesota is proud of its
contributions to the early development of
automated vehicle technologies. MNnROAD
offered an excellent, controlled
environment for testing the Driver Assist
System and developing it for
commercialization.

— Prof. Max Donath, Roadway Safety Institute

MnRGAD

As an established research facility MnROAD can
support safe and immediate automated vehicle
testing today. MnROAD has operated as a
research facility for over 20 years with no serious
injuries and no crashes or incidents during
related activities. It has supported
testing of automated vehicle technologies dating
back to the late 1990s when the University of
Minnesota partnered with MnDOT to develop and

research

test a Driver Assist System designed for specialty
vehicles such as snowplows. Research and testing
were funded by the USDOT Intelligent Vehicle

Initiative with the objective to evaluate technologies that enhance a driver’s ability to see the road and

vehicles while performing necessary maintenance functions or responding to emergencies.

More recently, FuelMiner used the MnROAD facility to demonstrate a method for continuously estimating

fuel consumption breakdown over resistive forces
while a heavy-vehicle is driven on a public
roadway. FuelMiner is an innovator in vehicle-to-
cloud (V2C) solutions that help improve fuel
economy, design more efficient vehicles and build
better roads. Because the mainline lanes at
MnROAD can be closed to traffic it allowed
FuelMiner to test their experimental procedure
under controlled conditions and use the data to
benchmark their algorithm before testing in open

traffic conditions.

The 3.5 mile mainline may be the longest
straight test section in the United States.
Test track facilities around the country are
typically oval. The straight section allows
testing under quasi steady state conditions
such as driving in cruise control.

— Germana Paterlini, FuelMiner

1 MnROAD video of low volume road, https://www.youtube.com/watch?v=2Qq0gAcD6Mo&feature=youtu.be.

2 MnROAD video of 1-94 mainline, https://www.youtube.com/watch?v=0-MHaCipCBo&feature=youtu.be.
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MnROAD Facility

Workshop and Storage Building —
Pervious Parking Lot Cell 64
N Pervious Sidewalk Cell 74
R h Operations Center

Parking Lot ——»

Weather Station 550 4 Farm Loop

Cells 83 and 84
Weigh in Motion

lllustration of MnROAD Property

Designed to support daily research activities, as well as guest meetings and tours, the property includes
public parking, office, meeting, workshop and storage facilities. The property is surrounded by an 8’ fence
and includes an access-controlled security system. The secure facility allows researchers and guests to
view testing away from live traffic.

-

MnROAD Building, Meeting Room, Pole Barn and Roadside Cabinets

Additional facility features that may be used to support automated vehicle research include:
e  Utility cabinets located approximately every 750" along the mainline and low volume roadways
offer easy access to power and communication.

e Traffic cameras located along 1-94 within the limits of the mainline and bypass roadways allow
another option for viewing traffic through the test area.

o Two weather stations, a weigh in motion scale, and a receiver for differential global positioning
system (DGPS) reference correction can be used to support data collection activities.
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It is significant to note that the DGPS receiver at
MnROAD is part of the Minnesota Continuously

Operating Reference Station (MnCORS) network. Minnesota offers statewide survey grade
MnCORS is a cooperative effort between MnDOT, GPS corrections through MnCORS and a
other state agencies and institutions, counties, receiver is located at MnROAD to support

cities and private enterprises with the goal of automated vehicle testing.
providing Global Navigation Satellite System
(GNSS) corrections statewide. Using signals from all available GNSS satellites, and receivers at over 130
known positions, MnCORS is able to continuously provide survey grade positioning corrections. DGPS is

necessary for automated vehicles to confirm vehicle positioning in relation to roadway infrastructure.
Researchers can leverage the unique availability of this high-accuracy DGPS at MnROAD and along other
public roads throughout the state of Minnesota.

In addition to its current robust facility features, MnROAD has 12 acres of land that could be developed
in the future to provide additional research facilities. For example, a portion of land northwest of the main
building could be developed into a city street setting that would be mutually beneficial for both pavement
and automated vehicle research.

All-Weather Environment

MnROAD offers an all-weather environment to
_ test automated vehicle performance under
MnDOT guarantees the ability to produce extreme temperature, visibility and road
and maintain snow and limited visibility

conditions at MnROAD to minimize the
challenge of scheduling tests around State temperature extremes range from -60 to

uncertain weather conditions. 114 degrees Fahrenheit. The average annual
snowfall for the Minneapolis/St. Paul area is 54.4

conditions. Minnesota has a continental climate
with very cold winters and very hot summers.

inches and snow cover of one inch or more over the state occurs on an average of 110 days annually.3
Minnesota’s distinct seasons provide an environment to test how automated vehicles will perform under
less than ideal roadway conditions. MnDOT also guarantees the ability to produce snow and limited
visibility conditions at MnROAD to minimize the challenge of scheduling tests around uncertain weather
conditions. Artificial snow may be produced as needed during the winter months with snowmaking
machines commonly used to manufacture artificial snow for ski resorts. This will provide automated
vehicle researchers with more control over conditions required for testing. Furthermore, access control
of the mainline lanes allows MnROAD to retain snow on the roadway for extended testing under snowy
conditions, without creating unsafe driving conditions for travelers.

Real-World Roadway Conditions

Public roads are built and maintained in a wide range of physical conditions, yet automated vehicles will
be expected to safely navigate them. As a pavement research facility, MnROAD offers multiple pavement
and roadway types to explore automated vehicle capabilities in a real-world setting. In addition to nearly

3 Minnesota Department of Natural Resources, Minnesota Climate Summaries and Publications: General Climate
Description for Minnesota, and Normals, Means and Extremes for Major Airport Weather Stations,
www.dnr.state.mn.us/climate/summaries and publications/index.html, accessed December 12, 2016.
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10 miles of controlled access, low and high-speed

roadway for testing, MnROAD offers a rare

combination of both asphalt and concrete MnROAD offers a rare combination of both
surfaces with over a dozen textures in different asphalt and concrete surfaces with over a
stages of deterioration. This represents the variety dozen different textures representing many
of roads that automated vehicles will be required real-world roadways — all in one facility.

to navigate in the real-world —all in one facility.

Leadership in National Forums

MnDOT participates in several national forums designed around leadership and peer exchange which
already demonstrates an established contribution to automated vehicle communities of practice. MnDOT
is one of only five state transportation agency members in ITS America’s Leadership Circle. The
department has also successfully completed several multistate and federally-funded ITS-focused research
studies. MnDOT actively participates in the Connected Vehicle Pooled Fund Study, V2| Deployment
Coalition, and AASHTOQO’s STSMO Connected Vehicle Working Group. The department hosts peer
exchanges, conferences, and other information-sharing events to share their research experiences with
transportation agencies around the world.

3M Partnership

Minnesota-based, 3M is a global innovation company that manufactures high-performance materials
combined with innovative systems and services to bring the best roadway systems into reality. 3M will
provide pavement marking, sign sheeting, temporary traffic control materials and DSRC testing equipment
at MnROAD. MnDOT’s longstanding relationship with 3M further strengthens MnROAD as a proving
ground for testing critical traffic safety infrastructure. This will allow researchers to explore automated
vehicle operation in a variety of traffic control environments. Some of the materials to be installed at
MnROAD will include:

e 3M Stamark™ High Performance, Contrast and
Removable Tapes that enhance the ability for
camera or machine vision to see the presence
and contrast of pavement markings on
roadways in wet or dry conditions

e 3M Diamond Grade™ Reflective Sign Sheeting
that enhances the ability for camera or
machine vision to see signs on the roadway,

the same way it enhances the ability for

3M Stamark™ Tape and Diamond Grade™ Sheeting

humans to see signs
e 3M Diamond Grade™ Reflective Fluorescent Sheeting that enhances the ability for a camera or

machine vision to see temporary traffic control in work zones

e 3M DSRC Multi-Channel Test Tool which is an independent multi-channel listening device, offering
vehicle-to-vehicle and vehicle-to-infrastructure communications to verify DSRC standards
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MnROAD — A Proving Ground for Automated Vehicle Testing
MnROAD is proposed as a unique environment for testing automated vehicles in all-weather conditions
on both low and high-speed roadways. Examples of the testing that MnROAD is well-positioned to support

include:
o  Weather-related visibility e Transition areas between roadways
e Pavement marking and signing efficacy e Vehicle platooning
e High-speed vehicle operation e Automated bus on shoulder operations
e Temporary traffic control zones e Commercial vehicle operation

For more than 20 years, MNnROAD has been a successful research facility, engaging partners from other
transportation agencies, private industry and academic institutions around the world. The necessary
framework is in place to extend the facility as a designated proving ground for automated vehicle
research. The remainder of this proposal describes how MnROAD meets the mandatory and other
selection criteria identified by USDOT in their solicitation.

Mandatory Criteria

Designated Safety Officer

As an active research facility that allows both MnDOT staff and external parties to conduct research on
premise, MNROAD has an established Site Manager responsible for directing safety at the facility. The Site
Manager offices at MNnROAD and is on-site Monday through Friday during business hours. The Site
Manager will serve as the Designated Safety Officer for automated vehicle research conducted at the
facility, and will participate in the Community of Practice’s regular quarterly meeting of Safety Officers.

Safety Approach
MnROAD’s current safety approach includes
facility access, safety guidelines and an

emergency action plan that establish protocols

MnDOT will share the safety approach and

safety data generated through testing and
if they occur. Further information regarding the operating  MnROAD as an automated
current MnROAD safety protocols is provided in vehicle proving ground.

for preventing emergencies and mitigating them

the section, Commitment to Safety. MnDOT

agrees to share their safety approach, along with any modifications to ensure that proposed automated
vehicle testing meets the guidance outlined in USDOT’s Federal Automated Vehicles Policy. There are
several manufacturer-oriented actions outlined in the policy that will be referenced in the modified safety
approach so that MnDOT may understand how these actions have been addressed prior to approving
automated vehicle research at MNnROAD. For example, researchers will be asked to:

e Share their plan for physical research activities

e Identify the automated vehicle level proposed for testing

e Describe how they have ensured compliance with all applicable Federal Motor Vehicle Safety
Standards (FMVSS)

e Explain how their research plan covers the key areas of automation to be addressed during testing
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In addition to sharing the safety approach used at MnROAD, MnDOT also agrees to share safety data
generated through testing and operating MnROAD as an automated vehicle proving ground. Such safety
data will include documents exchanged with researchers demonstrating their commitment to safety
protocols, documents summarizing research-related emergencies if they occur, and other safety-related
experiences.

Proposed Contributions

Program Administration and Partnering
MnDOT has established the framework to
administer an automated vehicle program. Much MnDOT has an established framework to

of that framework is in place through the administer an automated vehicle program.
longstanding research administration practices at

MnROAD. MnROAD was originally constructed in 1994 at a cost of $25 million provided by state and
federal funding. The partnership between MnDOT and the Minnesota Local Road Research Board (LRRB)

provided the majority of MNROAD operational funding during the first ten years. Funding for MnROAD
today comes from a combination of industry, LRRB, federal and state funds, and other resources.

In addition to building on experience with the MnROAD program administration framework, MnDOT has
a strong ITS Unit with staff who have administered research and testing of ITS, including automated
vehicle concepts and technologies, since the 1990s. Additionally, MnDOT has used its multidisciplinary
Transportation System Management and Operations (TSMO) Leadership Group to establish an internal
AV/CV Steering Committee that will guide automated and connected vehicle research. MnDOT will also
engage Minnesota Guidestar, a broad group of stakeholders from public agencies, private sector, industry
and academia to provide external perspective on connected and automated vehicle development in
Minnesota. Together, MnDOT will use these internal and external resources to solicit, develop and provide
direction to automated vehicle research conducted at MnROAD.

MnDOT has worked with numerous partners including federal, state and local
transportation agencies from nearly every state, industry associations,
academic institutions, and private companies. Recognizing the significance of
pavement markings and signing for the safe operation of automated vehicles,

MnDOT has initiated a partnership with 3M to provide sign sheeting, pavement
markings, and work zone signs and devices to support automated vehicle testing at the MnROAD facility.
These materials may be used to test the degree to which automated vehicles can correctly recognize and
interpret the critical traffic control tools under different conditions, particularly winter weather.

A Minnesota-based company, 3M is a global innovation company that never stops inventing. Over the
years, their innovations have improved daily life for hundreds of millions of people all over the world. 3M
is dedicated to improving traffic safety and mobility so motorists can arrive at their destinations faster
and safer. Their high-performance materials combine with innovative systems and services to bring the
best roadway systems into reality. 3M has been a valuable partner for over 75 years, and continues to
bring innovation to the transportation safety industry. MnDOT and 3M have partnered often to test new
pavement, signing and work zone products in support of both organizations’ goals for improving traffic
safety.
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National and Regional Leadership

MnDOT has led national and regional ITS related
research in areas such as Mileage Based User _
Fees, Cooperative Intersection Collision MnDOT has led national and regional ITS

Avoidance Systems (CICAS), Integrated Corridor related research in areas such as Mileage

Management, and more. For example, MnDOT | poccq User Fees, Cooperative Intersection
partnered with the University of Minnesota from Collision Avoidance Systems (CICAS), and
2008-2013 as one of several research projects Integrated Corridor Management.

funded through the USDOT CICAS initiative. The
Minnesota project focused on warning drivers of unsafe gaps at rural thru-stop intersections. CICAS was

also part of USDOT’s larger Vehicle Infrastructure Integration (VII) program, a precursor to today’s
Connected Vehicle and Automation research programs. As such, MnDOT frequently engaged in national
working team meetings, conferences and research reporting activities to share the results of their CICAS
work. MnDOT has also hosted numerous peer exchanges, conferences and other demonstration events
over the years to share their research in ITS.

Contributions to Community of Practice

In addition to providing national and regional leadership on key transportation research efforts, MnDOT
has broad experience contributing to communities of practice associated with many areas of
transportation. MnROAD, for example, has been monitoring pavement performance since 1994 through
laboratory testing, sensor response, and field monitoring over the life of each test cell. All data and
research reports are available at no cost and are featured on the MnROAD website.* Implementation of

Phase | MnROAD results have provided an estimated $33 million in annual savings in Minnesota, and up
to $749 million nationwide.

MnDOT has also made significant contributions to

the ITS community of practice. During the Rural
MnDOT was honored as a 2013 White Intersection Conflict Warning Systems (ICWS)
House Champion of Change for work to project and participation in the ENTERPRISE

deploy dozens of life-saving Rural pooled fund program research, MnDOT
Intersection Conflict Warning Systems. contributed to the development of ICWS-related

guidance and standards language for the Manual
on Uniform Traffic Control Devices. The White House honored MnDOT in 2013 as a Champion of Change
for its work to reduce fatal and life-changing crashes on Minnesota roadways through the Rural ICWS
project.

MnDOT also routinely contributes to communities of practice through peer exchanges, conferences and
other outreach activities specifically designed to share information about their experiences. If MnROAD
is selected as a designated proving ground for automated vehicle research, MnDOT will continue this
practice with the automated vehicle community of practice.

4 MnROAD Data, www.dot.state.mn.us/mnroad/data/

N 2R oRTArion MnROAD Automated Vehicle Proving Ground Proposal | 7



http://www.dot.state.mn.us/mnroad/data/

http://www.dot.state.mn.us/mnroad/data/



USDOT Working Relationship

MnDOT has a strong relationship with the FHWA Division Office in St. Paul. The department also has
relationships with many USDOT research program offices. The ITS Unit has long-standing relationships
with the ITS Joint Program Office, Federal Highway Administration (FHWA) Office of Safety, FHWA Office
of Operations, and FHWA Turner-Fairbank Highway Research Center. MnDOT expects to continue and
expand these working relationships through the proposed community of practice quarterly meetings,
routine quarterly progress reports, and national and regional conferences. Conferences may include but
are not limited to the Transportation Research Board Annual Meeting, ITS America Annual Meeting, ITS
World Congress, and Automated Vehicles Symposium.

Commitment to Safety

Safety Precautions
As mentioned under the Mandatory Criteria, a

Site Manager is responsible for managing safety
protocols at MNROAD to address facility access, MnROAD safety protocols address facility
research activities, emergencies and 1-94 traffic access, research activities, emergencies
control. MNROAD access cards are provided by and 1-94 traffic control.

the Site Manager to allow access to the site and

buildings at any hour depending on research needs. The front gate to the property and main building
doors are open Monday-Thursday from 7:00AM to 5:00PM and Friday from 7:00AM to 3:00PM. Card
readers are located at doors in the main building, pole barn and other outbuildings. An alarm system is in
place and activated outside business hours.

In addition to controlling facility access to ensure safety, all researchers must use the appropriate safety
equipment (including but not limited to seat belts and safety vests), observing the safety measures of the
situation, and following instructions of the MnROAD Site Manager. Researchers agree to provide a work
plan of physical research activities to review with the MnROAD Operations Engineer and Site Manager to
determine what work is planned and how it will be coordinated with other MNnROAD activities.

If an incident does occur at MNROAD, an emergency action plan is in place to guide response. Staff and
guests are instructed to follow the posted emergency action plan procedures. An Injury, lliness, Incident
Data Form is then completed following the emergency to provide safety data for follow up as needed.

MnROAD has a standard operating procedure to direct the safe transition of traffic between the mainline
and bypass lanes on 1-94. Traffic is typically transitioned between the mainline and bypass twice per
month. The transition is managed by trained staff from the nearby maintenance truck station, using
authorized MnDOT vehicles and a portable changeable message sign. Once the portable sign is placed
upstream, MnDOT vehicles are stationed at nearby on-ramps to stop traffic while barricades are
positioned at the crossover area between the mainline and bypass. Once the barricades are in place,
overhead lane control signals are activated and MnDOT vehicles are then used as pilots to guide initial
traffic onto the appropriate lanes. This routine transition between roadways also offers a unique
opportunity to test automated vehicles under temporary traffic control conditions, especially those found
in work zones.
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Traffic Control for 1-94 Mainline/Bypass Transition

Demonstrated Safety Record
The MnROAD safety record boasts no serious injuries and no crashes or incidents on the mainline or

bypass lanes during research related activities. As automated vehicle research is conducted at the facility,
MnDOT will rely on existing protocols but there is also recognition that these will need to be modified as
research expands.

Research, Application and Data Sharing

Research Applicability to the Region

Minnesota exhibits the winter conditions prevalent among the northern tier of states in the US. It also
exhibits a mix of both dense urban traffic and extensive rural roadways that are also prevalent in many of
the northern states. These attributes have made MnROAD an ideal cold region pavement research facility
with a proven record of successfully sharing its results with the transportation community. To address
some of the challenges associated with snowplowing in the region, MnDOT has supported research
through the University of Minnesota to develop and test GPS-based technologies and human factors
implications associated with vehicle automation for snow removal operations.

Research and Extension Resources
MnROAD will utilize its existing research structure to carry out automated vehicle activities. The MNnROAD

Operations Engineer will work in close coordination with the Designated Point of Contact — the Traffic
Research Engineer — to coordinate automated vehicle research at MnROAD. In addition, MnDOT has
mechanisms in place to efficiently execute partnership agreements with external researchers to perform
all types of research, including automated vehicle testing. MnDOT also maintains master agreements with
academic institutions to perform research through on-call work orders that may be generated on a project
by project basis. The MnDOT ITS Unit maintains a similar master agreement list of consultants to conduct
ITS research, development and support services. Though these are not MnDOT’s only contracting
mechanisms, these provide an example of demonstrated research resources available to rapidly procure
research services. MnDOT also has a variety of extension resources at its disposal to support the education
of others about automated vehicles and research conducted at MNnROAD.

e  Full-service transportation library

e Strong Local Technical Assistance Program (LTAP) to access to city and county transportation
professionals throughout Minnesota

e Active local chapters of ITS America and ITE willing to deliver educational seminars
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Dissemination of Research Results
In addition to the outreach approaches outlined in the section, Proposed Contributions, Contributions to

Community of Practice, MNnROAD has a Communications Manager to support and enhance outreach
efforts that will allow MnROAD to broadly share its research capabilities and results. MnDOT will also
leverage its involvement in national and regional ITS activities to share automated research results at
MnROAD. This will include but is not limited to MnDOT media contacts, electronic communication tools,
and presentations at major conferences such as the Transportation Research Board Annual Meeting, ITS

America Annual Meeting, ITS World Congress and Automated Vehicles Symposium.

Sharing Data and Performance Metrics

MnDOT is committed to sharing automated vehicle research data, performance metrics and results as
allowed in partnership agreements negotiated with other research entities and sponsors. Current MNnDOT
practice includes the publication and public release of all research reports sponsored by the department.
However, it is expected that much of the automated vehicle research conducted at MnROAD will be
privately sponsored and as such the results may be confidential. MnDOT will publish summary reports to
highlight the automated vehicle research completed at the facility within the confidentiality limitations
specified in partnership agreements.

Demonstrated Investments

Capital Improvements

Because MnROAD is an existing research facility, no capital improvements are necessary to support
automated vehicle research. However, to enhance the facility for expanded automated vehicle testing,
3M will provide additional pavement marking, sign sheeting and temporary traffic control materials for
installation at MnROAD. Additional, minor facility upgrades could include adding other traffic control
devices, expanding meeting and office facilities, adding jersey or cable median barrier between the low
volume road and mainline lanes, adding further protection to roadside cabinets on the low volume road,
adding sensors to the bypass lanes to expand data collection capabilities. Future capital investments could
be directed toward developing available land on the MnROAD property to provide additional research
facilities such as a city street setting that would support off-road testing. Such enhancements would be
mutually beneficial for both pavement and automated vehicle research.

Authorization
MnROAD currently adheres to all state and local laws regarding traffic control for public roadways. The

low volume road is a closed-loop section that is not classified as a public road. As such, Minnesota state
law does not prohibit testing of automated vehicles on this closed road section. If MNnROAD is selected as
a designated automated vehicle proving ground, MnDOT will explore existing policy implications for
conducting automated vehicle testing on Minnesota’s public roads and consider actions to enable
implementation of higher levels of automation.
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Testing Underway
MnDOT has a history of conducting exploratory

research, development and testing of automated _

vehicle concepts dating back to the late 1990s. . . .
) p & ) ) MnDOT and the University of Minnesota
This work, which began with testing at MNnROAD . .
continue to partner in research to develop

and continues today, includes MnDOT’s and test GPS-based technologies and

human factor implications associated with
vehicle automation for snow plowing.

partnership with the University of Minnesota to
develop and test GPS-based technologies and
human factor implications associated with vehicle

automation advancements such as:

e Driver-Assist System for Lane Guidance in Buses and Snow Plows — Provides lane-keeping and
collision avoidance capability in low-visibility conditions using high accuracy GPS and digital maps,
as opposed to vision-based approaches which are ineffective in low visibility weather conditions.

e DGPS-Based Snow Plowing — Facilitates driver-assist operation of snow plowing using wireless
communications and DGPS-based technology that allow a snow plow to operate in white-out
conditions while improving safety and productivity.

e Testing of After Market Devices for Maintenance Operations — Testing underway is evaluating
system performance and position accuracy of commercially available onboard equipment (OBE)
with DSRC for application to gang plowing.

MnDOT'’s research investments resulted in commercialization of the Driver-Assist System on passenger
buses, and the technologies are routinely used by Alaska DOT for plowing operations in low to no visibility
snow conditions.

Readiness

Open for Testing

As an active research facility, MnROAD is open for automated vehicle testing today. When MnDOT is
approached by external researchers with requests to utilize MnROAD, MnDOT engages affected
stakeholders to identify timeframes, site conditions, safety protocols, fees, and other parameters for
testing. These items are agreed upon and documented in a partnership agreement. Overall site scheduling
and coordination is managed by the MnROAD Operations Engineer. These established practices will
continue with a designation as an automated vehicle proving ground.

Although automated vehicle testing could take place today at MnROAD, minor enhancements to the
facility may be made and existing safety protocols will be adjusted to further accommodate an automated
vehicle testing environment.
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Multiple Users and Data Sharing

The structure and operation of the MnROAD facility currently supports and encourages use by multiple
entities from public agencies, industry associations and academic institutions. As research is scheduled at
MnROAD, consideration is given to how data from the research will be gathered and shared in the
MnROAD database which allows researchers to accurately record methodology and pertinent information
for research use and requests. All data and research reports are available at no cost and are featured on
the MnROAD website.> This framework for sharing data from research conducted at the MnROAD facility

will be extended to automated vehicle research.

Designated Point of Contact

The Designated Point of Contact for automated vehicle research at MnROAD will be the Traffic Research
Director, Cory Johnson, coryj.johnson@state.mn.us, 651-234-7062. The Traffic Research Director will then
coordinate all research reviews with the MnROAD Operations Engineer and Site Manager.

Engagement of Affected Communities
The entirety of the MnROAD facility is owned and operated by MnDOT. No other communities will be
affected by the designation of MNROAD as an automated vehicle proving ground.

Adherence to Laws, Regulations, and Federal Policy

State and Local Laws and Federal Regulations

MnROAD currently adheres to all state and local laws regarding traffic control for public roadways. These
laws, in addition those governing licensed drivers and vehicles on public roadways, will continue to be
followed as automated vehicle research is conducted at MNROAD. MnROAD will further adhere to federal
regulations regarding licensing of Digital Short-Range Communication (DSRC) and guidance outlined in
USDOT'’s Federal Automated Vehicles Policy.

Adherence to NHTSA Policy
MnDOT will modify research and safety protocols at MNnROAD to encourage manufacturers and other

entities that seek use of the MnROAD facility to comply with the Framework for Vehicle Performance
Guidance outlined in the Federal Automated Vehicles Policy, September 2016. This framework identifies
the key areas to be addressed prior to testing or deploying vehicles with L3-L5 automation on public
roadways. Because MnROAD includes a 3.5 mile section of both mainline and bypass lanes of 1-94,
adherence to this framework will be important to maintain safe operation of I-94 and all research oriented
testing. Consistent with the framework, MnDOT will request that prospective research entities provide a
copy of the Safety Assessment that is voluntarily submitted to NHTSA’s Office of the Chief Counsel for
automated vehicle testing.

5 MnROAD Data, www.dot.state.mn.us/mnroad/data/
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Conclusion
MnROAD is proposed as a unique environment for testing automated vehicles in all-weather conditions

on both low and high-speed roadways.

Established research facility to facilitate *, -

safe and immediate automated vehicle .":‘ Established research facility
testing. MnROAD has operated as a

-

research facility for over 20 years with no :

o o All-weather environment
serious injuries and no crashes or incidents Ny
during research related activities. It has L.
also supported testing of automated Real-world roadway conditions
vehicle technologies dating back to the late e o
1930s. Leadership in national forums

All-weather environment to test
automated vehicle performance under

! )/ .

( Partnership with 3M
extreme temperature, visibility and road /

conditions. Minnesota’s distinct seasons

provide an environment to test how automated vehicles will perform under less than ideal
roadway conditions. MnDOT also guarantees the ability to produce and maintain snow at
MnROAD to minimize the challenge of scheduling testing around uncertain winter weather
conditions.

Multiple pavement and roadway types to explore automated vehicle capabilities in the real-
world. In addition to nearly 10 miles of controlled access, low and high-speed roadway for testing,
MnROAD offers a rare combination of both asphalt and concrete surfaces with over a dozen
textures — representing the variety of roads that automated vehicles will navigate.

Leadership in national forums actively contributing to automated vehicle communities of
practice. MnDOT participates in several national forums designed around leadership and peer
exchange, including ITS America’s Leadership Circle, the Connected Vehicle Pooled Fund Study,
and the V2I Deployment Coalition.

Partnership with 3M to explore innovative traffic safety infrastructure for automated vehicle
operation. MnDOT'’s longstanding relationship with Minnesota-based 3M further strengthens
MnROAD as a proving ground for critical traffic safety infrastructure including pavement
markings, signing and temporary traffic control.

For more than 20 years, MnROAD has been successfully used as a research facility, engaging partners from

other transportation agencies, private industry and academic institutions around the world. As such, a

strong framework is in place to extend the facility as a designated proving ground for automated vehicle

research.

m
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Introduction

The Western Transportation Institute (WTI) at Montana State University (MSU) is proud to offer
TranscenD, WTI’s cold region, rural transportation research test bed facility, for USDOT’s consideration
of an Automated Vehicle Proving Ground designation. Established in 2007 through sponsorship of the
Research and Innovative Technologies Administration of the U.S. Department of Transportation (USDOT)
and in partnership with the Montana Department of Transportation (MDT), TRANSCEND is a large-scale field
facility providing space for researchers to study multi-disciplinary transportation challenges in a full-scale
environment without interfering with or affecting the traveling public.

TRANSCEND is well-positioned to serve as a test ground to
support the research and development of Autonomous and
Connected Vehicles (AV/CV) and provides the USDOT with a
unique opportunity to conduct research in a cold and rural
environment.

L Rural roads also lack local emergency services, have a high
percentage of fatal crashes caused by high speeds, lack traffic
signals at intersections, and are victim to rapidly-changing
weather and road conditions. Forty percent of vehicle miles are
traveled in rural environments, highlighting the need for

Each triangle track is 4 R .
Lo emii  effective rural highway research.

circumference

With the recent explosion of autonomous and connected vehicle technology and research, one thing has
been made abundantly clear: although 60% of U.S. traffic fatalities (or, more than 20,000 annually) occur
in rural areas, the vast majority of AV/CV research and investment has been aimed at and performed in
urban areas. The reason is simple: monetization. To investors, the value of mobility is clear; the areas
where autonomy proves to be profitable first are urban areas, where the density of mobility service
customers is sufficiently high to attract high levels of investment which will produce extremely high returns.
There is a reason that the valuation of Uber exceeds that of Ford or GM by almost 50%: hassle-free mobility
is extremely attractive to consumers.

What is missing from the national picture, however, is rural safety and rural mobility. Of the 60% of rural
fatalities described above, 60% result from Single Vehicle, Road Departure (SVRD) crashes. Autonomous
vehicle technology can prevent a significant number of these SRVD events, saving thousands of lives
annually. In addition, AV/CV technologies, if properly designed, tested, and deployed, can provide
mobility and safety services to rural and tribal populations.

¢ Rural populations are aging, resulting in a significant demographic which is mobility challenged.
Improvements in mobility, enabled by AV/CV technologies, can open new doors and allow these
disadvantaged communities to remain functional and safe in their homes longer than they can today,
improving their quality of life and well-being.

e Tribal communities are typically small, rural, and faced with poor and unimproved roads. Serving
this population will require AV/CV technologies which can operate reliably on these rural,
unimproved roads. By doing so, connectivity between tribal and adjacent communities is increased,
creating opportunities with local non-tribal communities due to reduced isolation arising from
improved mobility.

Development and testing of technology to serve rural areas requires evaluating in environments which are
common in rural areas: unimproved roads, low visibility (due to rain, fog, ice, sleet, snow), high winds, and
bright sunlight at or near the horizon (a particularly difficult challenge for vision-based system), and snow
or ice covered roads, creating problems both with respect to road-tire friction as well as obfuscation of lane
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boundary markers used by vision-based systems. Evaluating in a “real” environment, such as TRANSCEND,
will have a significant impact on encouraging new levels of public safety.

As is described below, TRANSCEND offers what developers of AV/CV technologies need to develop, test
and evaluate their systems: variable visibility, variable road conditions and pavement types, and exposure
to weather and atmospheric conditions which challenge the most robust of systems.

The Western Transportation Institute (WTI) is the nation’s largest transportation

M institute focusing on rural transportation issues The Institute was established in 1994 by

the State Departments of Transportation of Montana and California, in cooperation with

%%Iglgv%g% Montana State University — Bozeman (MSU). WTI has an annual budget exceeding $8
Western Transportation  Million and a 75-person multidisciplinary staff of professionals, students and associated
Institute faculty from engineering (mechanical/industrial/civil), computer science, fish and
wildlife, ecology, business, and economics. WTI has conducted research in more than 36 states, at local,

state, and federal levels, as well as conducted international work in 17 countries.

WTI’s research encompasses diverse areas including advanced transportation technologies, road ecology,
winter maintenance, rural transit, and sustainable infrastructure. WT]I has worked with federal agencies,
state departments of transportation and private partners to conduct nationally prominent research on
effective deployment of Intelligent Transportation Systems and other technologies on rural roads. WTI
projects and researchers have been honored with national awards from the Federal Highway Administration
(Environmental Excellence), Federal Transit Administration (Planning Excellence), Intelligent
Transportation Society of America, California Alliance for Advanced Transportation Systems, and the
National Association of Development Organizations.

WTI has twice been awarded a National University Transportation Center and currently leads the Tier 1
Small Urban and Rural Livability Center and is a member of the team for the Center for Environmentally
Sustainable Transportation in Cold Climates (CESTICC). In addition, WTI has been awarded the following
national Centers of Excellence:

¢ National Center for Rural Road Safety - FHWA
e The Regional Surface Transportation Workforce Center
e FTA Paul S. Sarbanes Transit in Parks Transportation Technical Assistance Center

Background

i
In 2003, the Airport Authority and Fergus County Commissioners I RANSCEND
in Lewistown, Montana asked WTI to determine whether an open road to discovery pment | testing

underutilized portion of the Lewistown airport facility would be
useful to conduct full-scale transportation-related research projects.

WTI and the Montana Department of Transportation (MDT) identified projects with potential to improve
transportation not only in Montana, but also in other cold and rural regions. WTI began outreach, planning
and partnership development activities to initiate a more detailed implementation plan to conduct research
at the Lewistown airport, while MDT reconstructed portions of the old runways to literally “pave the way”
for additional research projects. WTI and MDT worked with local, state, and federal partners to develop
field research initiatives at the site. In 2007, through the sponsorship of the Research and Innovative
Technologies Administration of the U.S. Department of Transportation, the partners initiated a
comprehensive research program at the site.

The 230-acre facility offers four miles of real-world paved test surface, a highly innovative,
multidisciplinary research staff, and a comprehensive communications, power, and data networking
infrastructure. TRANSCEND has a state-of-the-art snowmaking system to simulate winter snow and ice
conditions on-demand in a controlled manner.
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A 2000 square foot heated shop building is available for instrumenting vehicles, conducting experiments,
and maintaining equipment. Multiple research offices are connected to the shop to allow researchers access
to computers and the internet. An intranet connection allows researchers to access databases housed at the
main research office in Bozeman. A weather station and a robust communication system are also available
for use.

Qualifications

Mandatory Criteria

Designated Safety Officer —

WT1I’s Eli Cuelho P.E., will serve as the Test Ground’s Designated Safety Officer and will participate in
the Community of Practice’s regular quarterly meetings of Safety Officers. Cuelho has been a Research
Engineer at WTI since 1998 and currently serves as the Project Manager for TRANSCEND, as well as the
Program Manager for WTI’s Infrastructure Maintenance and Materials program area. He is also the
Director for the Unpaved Roads Institute, an organization that provides tools and services to manage
unpaved roads through research, services, education and technology transfer. His project experience covers
a wide variety of topics such as: geotechnical engineering, geosynthetic design, low-volume roads,
pavement maintenance, bridge construction and evaluation, winter maintenance and operations, and remote
sensing and data acquisition equipment. Eli has 20 years of experience testing geosynthetic materials and
is the chair of an ASTM task group dedicated to developing new test procedures for geosynthetics used as
pavement and subgrade reinforcement. Cuelho serves as an active member of the Geosynthetics committee
at TRB.

Commitment to Sharing Approaches

WTI has a strong record of collaboration and is committed to sharing approaches to safety and safety data
generated through testing and operation. Through multiple centers and collaborative efforts WTI is
recognized as a technology transfer innovator and has a demonstrated ability to disseminate research results,
spur implementation, and conduct continuing education programs. Significant demonstrated technology
transfer efforts are highlighted in Table 1:

Table 1: Collaboration and Technology Transfer Success

Experience Outcome
— = (formerly Road Dust Institute) | v 3 National Conferences (4" in planning
"]UR _ Founding  Members/Current stage)
UNPAVED ROADS Institute | eaders: UC-Davis, WT]I, | v Provides training courses/webinars

UNLV, UAF

v~ Conference publications

OFFICE OF THE AsSISTANT SECRETARY FOR RESEARCH AND TECHNOLOGY

University Transportation Centers

v WTI National Center: 1998-2011
v/ CESTICC Tier 1: 2013-2016
v SURLC Tier 1: 2013-2016

Lead: WTI v Serves transportation practitioners at all
) National Center o Partners: Rutgers, lowa State | levels
University, IdT Group, | v Provides monthly safety webinars
Cambridge  Systematics, Bubar | v" Provides training for and advocates tribal
& Hall LLC, LTAPs (1A, LA, MT, New Jersey) needs
L\ vestReoon Lead: WTI v Provides better data on transportation job
U] Transportation Worklorce Cen'er - partner: North Dakota State | needs and priorities within each region
University v Provides better alignment: of education

and training to workforce skills gaps
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Experience

Outcome

Serving: Nebraska, S. Dakota, N. Dakota, Montana,
Wyoming, Idaho, Washington, Oregon, Alaska, Hawaii

Lead: WTI

Partners:  Shapiro  Transportation
Consulting, University of S. Florida,
David Evans & Assoc., University of
Vermont, University of Maine,
_ Vanesse Hangen Brustlin, Inc.,
Gimmler Consulting

Resources SoLurions.

UNDERSTANDING

Federal Lands (.

| TRANSPORTATION INSTITUTE

v" Provided technical training and resources
to Federal Land Managers

v Provide implementable transportation
solutions for federal and public agencies

v Facilitates Public Lands Transportation
Scholar Program

California-Oregon Advanced Transportation Systems
(COATS)

Spearheaded by WTI: 15-year collaboration with the
California and Oregon Departments of Transportation.

v Serves and local
agencies
v Deployed and evaluated $2.5M in ITS

projects in rural areas of western states.

multiple regional

Pooled Fund Studies: By joining forces and leveraging
resources in pooled fund research, consortium member
universities have been able to undertake projects of larger
scale and increase their collaboration network. Examples of
partner pooled fund participation are provided in the next
column.

v Aurora (focus on road weather and
Sensors)

v Clear  Roads
maintenance)
v Pacific Northwest Snowfighters (focus on

winter maintenance products)
v" Transportation Pooled Fund Program

(focus on  winter

Corridor coalitions: Recognizing the value of coordinated,
cross-border collaboration, consortium members have teamed
with other states to developing solutions to transportation
challenges across state and provincial borders. Examples are
included in the next column.

v Northwest Passage (1-90 Wisconsin to
Washington)

v CANAMEX Corridor (I-15 Canada to
Mexico)

v Greater Yellowstone
Wyoming, and Idaho)

(Montana,

Proposed Contributions

Automated Vehicle Program. The deficiencies in investment in rural AV/CV systems had become
apparent to WTI over the course of the last three years. While need for rural-focused AV/CV
work was clear, the attention and level of investment was not commensurate with the need.

To address these shortcomings, WTI hired Dr. Craig Shankwitz, an experienced AV/CV R&D
engineer with significant rural experience. Dr. Shankwitz started at WTI on 01 July 2016, and has
been chartered with developing WTI’s rural AV/CV program. Dr. Shankwitz directed the
Intelligent Vehicles lab at the University of Minnesota from 1998 — 2012, and was responsible for
the development of RTK/Radar-based Driver Assist Systems for Snowplows (with deployments
in MN, AK, and CA), Driver Assist for Transit buses (MN), and rural thru-stop decision support
systems for rural thru-stop intersections (MN, WI, Ml, 1A, NC, NV, GA, CA).

At MTS systems from 2012 until starting at Montana State, Dr. Shankwitz developed a
motorcycle-riding robot for durability and performance testing, and developed a (patent-pending)
system for testing AV/CV crash avoidance systems using actual road-going vehicles, not balloon
facsimiles. (Test method and system using a highly agile ground vehicle for intelligent vehicle
testing, U.S. Patent Office Publication number 20160154407.)

Leadership Capabilities. WTI has a strong and proven record of providing leadership at both
national and regional levels and will leverage this capacity to contribute to the solution of both
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long-range and immediate mobility challenges through the testing and deployment of automated

vehicle technology.

Table 2: WTI Demonstrated Leadership History

CONTRIBUTIONS TO
TRANSPORTATION SOLUTIONS

Excellence Award

Focus Entity Description
UTC Leadership e WTI: National UTC from 1998 — 2012
O e WTI: Tier 1 UTC (SURLC) from 2013 - 2016
|5 o WTIL Tier 1 UTC from 2013 - 2016
CUTC Leadership o WTI (Steve Albert), President (2010)
o WTI (Albert) Administrative Leadership Award (2013)
USDOT ITS Advisory Board | ¢  WTI (Steve Albert) Invited member of National Advisory
% Board on Intelligent Transportation Systems
©) Unpaved Roads Institute e WTI: Founding Members of Institute
';: Institute of Transportation | ¢  WTI (Albert) Lifetime Achievement Award for efforts on
- Engineers rural transportation issues and ITS
t AASHTO o WTI (Albert) Research Advisory Committee
j Transportation Research | ¢  WTI: Co-Chair of Rural Road Safety Policy Committee
<Zf Board (TRB) Committees e WTI: Chair, Research Subcommittee of the Transportation
o) Needs of National Parks and Federal Lands Task Force
:: o WTI has members on Geosynthetics, Winter Maintenance,
pd and Low Volume Roads Committees
ASCE e WTI: Member, Advanced Technologies Committee
FHWA Environmental | ¢  WTI: Awarded to WTI partnership with WASHDOT and

WA Fish & Wildlife for Habitat Connectivity Study (2011)
WTI: FHWA Environmental Excellence Award (2015) for
ARC Solutions, new designs in wildlife crossing
infrastructure.

ITS America Achievement
Award

WTI: Outstanding Achievement in Advanced Rural
Transportation Systems (1998)

ITS America, Best of ITS
Awards

WTI: Evaluation of Utah DOT Weather Ops/RWIS
Program (2007)

NRITS, Best of Rural ITS
Awards

WTI:  Responder
Application (2010)

Systems-Best New Innovative

FHWA National Center for
Rural Road Safety

WTI leads National Center of Excellence — supports local,
state, and tribal road owners and stakeholders

Although WTI is relatively new to the AV/CV area, Dr. Shankwitz brings a 22-year history of AV/CV
expertise, including numerous on-road deployments with vehicles operating under the extremely harsh
conditions found in rural deployments. Complementing those deployments on the road, short term
investigations include an innovative technology to equip the existing U.S. fleet (including motorcycles and
bicycles) with Dedicated Short Range Communications (DSRC) in a short (5-year) timeframe?, and longer
term research includes truck platoons consisting of cooperative human-driven and autonomously guided
trucks. This technology addresses fuel consumption, greenhouse gases, and a worsening over-the-road
truck driver shortage.

LWTI has a provision patent filed, and has submitted a proposal to the 2016 FHWA Exploratory Advanced Research
(EAR) program to develop and field test this technology.
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e Contributions to the Community of Practice. The focus of WTI has always been applied research
and problem solving, with an emphasis of putting that research into practice. WTI will contribute
to the Community of Practice by leading cutting-edge, rural-focused transportation research,
sharing established safety management plans, providing access to testing data, and engaging with
stakeholders. Examples of WTI applied with broad applicability include:

The One-Stop-Shop (OSS) for traveler information was developed in 2014 by WTI and funded
by the California Department of Transportation (Caltrans) and the Western States Rural
Transportation Consortium. (Please see Figure 1.) The web-based tool provides road conditions
and weather information for 11 Western states, and unlike state transportation department websites,
OSS road information doesn’t stop at jurisdictional boundaries. Combined with real-time weather
information, OSS provides motorists with a seamless decision-making tool for traveler safety. The
OSS mobile version was released in November 2016.

The National Weather Service,
trucking and recreational
vehicle groups, broadcast
meteorologists, chambers of
commerce and local, state and
federal government agencies
have linked to the 0SS
website.

OSS: Winner of 2014 Intelligent
Transportation Society of America
International Award Winner

Figure 1. One-stop-shop awards, screen shot, and description.

Operations and Travel Information Integration Sharing (OTIIS) In 2012, North/West Passage
initiated the Operations and Travel Information Integration Sharing (OTIIS) project to develop a
website to assist with trip planning across the 1-90 and 1-94 corridors. FHWA selected OTIIS for
federal funding through the Multistate Corridor Operations Management Program (MCOM)
Program. MCOM promotes regional cooperation, planning, and shared project implementation for
research programs and projects that improve multimodal transportation system management and
operations. WTI developed the North/West Passage traveler information website
(www.roadstosafediscovery.com). The site creates the opportunity for truckers and long-range
travelers to view beyond one or two states to all eight states and plan accordingly based on some
current and forecasted information for routing and timing decisions. Routing decision is possible
based on the traditional current road conditions/traffic information as well as forecast weather, and
recreational opportunities which may also foster greater visitor experience and increased economic
activity. A screenshot for OTIIS is shown in Figure 2.
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Responder System Funded by Caltrans, WTI developed and tested a mobile data system that
allows first responders to an accident or incident scene to collect and
transmit data. The system enables first responders to input
information on incidents, such as Hazmat and rock slides, that affect
travelers and disrupt roadways. The availability of such tools is
particularly important to first responders in remote rural areas
because their communications options are often limited.

The Responder system consists of a tablet PC, an optional
communications briefcase, and purpose-built software. The briefcase
houses cellular and satellite communication equipment for more
rural areas, or the tablet PC can use an integrated cellular radio.

The Responder software is used to import photos from a camera,
annotate them with sketches or text, and include them in
an email along with text describing the incident to be sent
back to the traffic management center.

Figure 2. Screen shot of the OTISS System for the North/West Passage.

Redding Responder System
2010 BEST OF RURAL ITS AWARD:
Best New Innovative Product,
Service, or Application

Working relationship with Department’s relevant
research program offices. WT]I has a strong positive
working history with the USDOT and relevant research program offices. WTI’s Executive
Director serves on the USDOT ITS Advisory Committee and has provided three United States
Senate/Congressional Testimonies. Through this ongoing participation, he has made direct
contributions to DOT policy. With multiple awards as a National and Tier 1 University
Transportation Center, and FHWA awards for the National Center for Rural Road Safety and the
Western Region Workforce Development Center, WTI has demonstrated compliancy with regard
to submission of activity and financial reports, participation in conferences and meetings, and
joint research efforts. Over the last 20 years, WTI has sponsored and hosted the: National Rural
ITS Conference, Western States Rural Transportation Technology Implementers Forum, National
Winter Maintenance Peer Exchange, National Summit for Rural Traffic Safety Culture, Road Dust
Institute, National Summit on Transportation in Rural America.

Western Transportation Institute
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As a Designated Proving Ground, WTI would continue this same level of commitment to
participate in these events and other technology transfer activities, as well as fulfill reporting
requirements deemed by the Department.

Commitment to Safety

Demonstrated capability to control risks. The Principal Investigators who will be supervising and

performing research at TRANSEND have a history of innovative research which required exemplary
safety planning and risk control. Two examples are provided below.
o Effect of Alcohol on Motorcycle riding skills. In this particular study?, an instrumented

motorcycle equipped with outriggers allowed test subjects, dosed at 0.02, 0.05, and 0.08
Blood Alcohol Concentration (BAC), to be objectively evaluated for performance and
safety while riding the Motorcycle Safety Foundation course. Safety precautions included
paramedics on scene in the event of a crash (of which there were none), wireless “kill”
switches in case of rider run-away (a possibility under 0.08 BAC), full protective gear
(helmets, armor-padded jackets and pants, gloves, and boots), and a strict protocol for
alcohol dosing and subsequent recovery. An image of the instrumented motorcycle with
rider and outriggers is shown in Figure 3.

Haptic feedback for Adaptive Cruise Control. The subject of this study?, conducted in
2004, was adaptive cruise control, with feedback provided to a driver through a haptic
accelerator pedal. If the following vehicle encroached upon the lead vehicle, the
accelerator pedal would push against the driver’s foot, indicating that an increase in
distance to the leave vehicle was needed.

This study required the use of real vehicles, not balloon vehicles, as lead vehicles, for two
reasons

1. The radar used to sense distance to the lead vehicle needed a realistic radar-cross
section. Balloon targets do not provide that same cross section.

2. As a human factors-based study, realism is key. Using a balloon target would remind
test subjects that they were part of an experiment, and would lead to biased results.

Pictures of the two vehicles (lead vehicle and test vehicle) are provide in Figure 4. The
test protocol was for the lead vehicle (which communicated to the following vehicle via
Wi-Fi (this was before DSRC)) to brake heavily when the following driver was distracted
when the two vehicles were travelling under the test condition. (The test condition was a
function of vehicle speed, vehicle spacing, and relative vehicle velocity.) When conditions
were correct, the lead vehicle would brake and the response of the following vehicle
recorded.

If the distracted driver were to not respond to the haptic feedback pedal, the risk of collision
increased. If the collision risk exceeded a safety-based threshold, the lead vehicle would
accelerate away, avoiding a crash.

Both of these studies passed the requirements of the University of Minnesota Institutional
Review Board (IRB), and neither experiment suffered from a collision or any type of
injury.

Applicant demonstrates that specific safety considerations have been met over the course of

operation, including safety of proving ground personnel, safety protocols when making use of

public roads, and attention to safe design, deployment, and operation of automated devices.

2 Creaser, J.1., Ward, N.J., Rakauskas, M.E., Boer, E., Shankwitz, C., Nardi, F., “Effects of Alcohol on Motorcycle
Riding Skills” US DOT HS 810 877, December 2007.
3 http://drivingassessment.uiowa.edu/DA2005/PDF/64_ErwinBoerformat.pdf
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Figure 4. Experimental vehicles used for ACC study involving haptic pedal feedback. Vehicles
were programmed to create braking events; should a following driver fail to respond, the lead
vehicle was programmed to accelerate away from the following vehicle to avoid a collision.

Safe operation has been a hallmark of the vehicle research undertaken by the WTI Team.
Examples of safe, successful deployments are highlighted below.

o0 Snowplows in Valdez, Alaska. In 2002, a snowplow and a snow blower used to clear the
Thompson Pass near Valdez, Alaska were equipped with RTK-GPS and radar-based Driver
Assist Systems (DAS) which allow operators to clear that pass in conditions of zero
visibility. The system was successful, and in 2011, three additional vehicles were added
to the fleet. These vehicles have operated reliably and safely since installation, and are
entering their 14°th year of service. Please see http://www.govtech.com/e-
government/Smart-Snowplows-Keep-the-Highway-to-Valdez-Alaska-Clear.html for
more detail.

o Snowplows in Minnesota equipped with the RTK-GPS and radar-based DAS not only
enable highway maintenance in low-to-zero visibility, but they’ve also been used to
rescue stranded motorists. Please see
www.dot.state.mn.us/research/accelerator/Acceleratorl6PRESS.pdf for details.

Western Transportation Institute
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0 Transit buses in Minneapolis. Using similar technology to that used in the snowplows
described above, 10 transit buses were equipped in 2009 with Driver Assist Technology.
Those buses operate on narrow shoulders, enabling drivers to transport their passengers
safely and reliably regardless of weather or traffic conditions. Additional information
regarding these 10 buses can be found here: http://www.nxtbook.com/ygsreprints/ygs/1-
27910831nxtbook/index.php#/0. This program was quite successful, and 11 more buses
are being equipped with this technology in the 2016-2017 timeframe.

Research, Application, and Data Sharing

Applicable solutions for the broader region and surrounding corridor for improved mobility. As
described in the introduction, the majority of research and investment in the AV/CV segment has
been for urban areas because of the ease with which mobility services can be monetized. Although
only 9% of Americans live in rural areas, 40% of miles driven, and 54% of all crashes occur in
rural areas. As the rural population ages, mobility becomes an increasingly important concern.
TRANSCEND offers three unique capabilities and characteristics which serve not only Montana and
the Pacific Northwest, but the entire nation.

1.

2.

Rural. The TRANSCEND test facility is located in a rural MT town (Lewistown), and is located
adjacent to rural Montana highways. Road designs and road construction is consistent with
most rural areas throughout the U.S.

Weather. Snow, rain, and fog present significant challenges to today’s vision-based AV/CV
technologies. In addition to natural snowfall, TRANSCEND can create artificial snowfall, and
“flood” test pads to create low coefficient of friction surfaces upon which AV/CV technologies
can be tested and evaluated in difficult conditions. Atmospheric snow combined with “iced”
pavement presents a formidable challenge to any AV/CV designed to operate in a northern
climate.

Demographics. The rural population in MT is becoming increasingly “top-heavy,” with the
percentage of Montanans in the older age groups increasing disproportionally compared to the
rest of the MT population. In addition to health and financial issues faced by older Americans,
mobility for older rural residents poses a much more difficult problem than it does for urban
and suburban residents. The TRANSCEND facility can be used as a demonstration site for these
older, rural residents, who can provide important feedback to system developers as well as
provide usability and satisfaction feedback to residents with similar demographics in other
states which face similar mobility issues. If improved rural mobility can delay the inevitable
transition to town-based assisted living or nursing home care, the quality of life and well-being
of these rural residents can be maintained for a longer period of time.

Demonstrated research and extension resources. Although Dr. Shankwitz is a recent hire at MSU

specifically for AV/CV technologies, a number of faculty and staff at MSU are currently active
in areas directly related to AV/CV systems. A brief list of faculty and their expertise relating to
AV/CV systems include:

o0 Professor Nic Ward. Professor Ward is currently a Professor of Mechanical and Industrial
Engineering at Montana State University. Professor Ward is the Director of the Center for
Health and Safety Culture in the Western Transportation Institute at Montana State
University.

As a founding member of the National Summit for Rural Traffic Safety Culture and the
Transportation Research Board Subcommittee on Roadway Safety Culture, Professor
Ward is a national leader for the definition and advancement of traffic safety culture. He
has authored the first United States government (FHWA) white paper on traffic safety
culture, helped AASHTO develop the traffic safety culture chapter in support of the
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National Toward Zero Death strategy, and recently published “A Primer for Traffic Safety
Culture” for traffic safety practitioners.

o0 Professor Qing Yang. Professor Yang is a RightNow Technologies Assistant Professor in
the Gianforte School of Computing at Montana State University. His research interests
include Online Social Network, Trust Management, Vehicular Ad-Hoc Networks
(VANETS), Wireless Sensor Networks (WSNs), Network Privacy and Security. He has
published papers in prestigious journals such as IEEE Transactions on Dependable and
Secure Computing, ACM/Springer MONET, IEEE Network Magazine and IEEE
Communications Magazine, in prestigious conferences such as INFOCOM, CNS and
SECON.

o0 Professor John Sheppard. Dr. John Sheppard was the inaugural RightNow Technologies
Distinguished Professor in Computer Science at Montana State University and currently
holds an appointment as College of Engineering Distinguished Professor in the Computer
Science Department at MSU. He is also an Adjunct Professor in the Department of
Computer Science at Johns Hopkins University.

Professor Sheppard’s research interests lie in the areas of Machine Learning, Data Mining,
Bayesian Networks, Neural Networks, Deep Learning and Deep Feature Extraction,
Evolutionary and Swarm-based Methods, Factored Optimization Methods, System-Level
Fault Diagnosis, System-Level Fault Prognosis, and Measurement Uncertainty.

= Dissemination of results, commitment to open data and sharing performance metrics, and results
of objective tests. A major U.S. research, land-grant university, Montana State has a charter to
disseminate research findings through reports, peer-reviewed papers, meetings, and conferences.
Because TRANSCEND operates under the auspices of the Western Transportation Institute,
research reports, peer-reviewed papers, and other documentation related to work at TRANSCEND
can be found on the WT1 website*. WIT is an active participant in the TRB/National Academies
transportation committees, and is well-represented at the TRB annual meeting.

Demonstrated Investments

In 2005, U.S. Senator Max Baucus (D-Montana) secured funds through the federal transportation bill
(SAFETEA-LU) to further develop the TRANSCEND facility. The grant provided approximately $4.2
million from 2006 to 2012 to create a prioritized, funded research program at the facility, and establish
Montana as a national and international leader in cold region rural transportation research.

Of particular relevance to AV/CV testing is the winter testbed.

Because of the multi-disciplinary approach to research at TRANSCEND, the capabilities of this testbed (in
particular the snowmaking system) is sometimes used in conjunction with other testbeds or projects.

The snowmaking testbed is a key component of the research facility, and as such was the first testbed to be
expressly designed and developed for installation at TRANSCEND. Design and development of the testbed
began in 2007. The system is composed of water distribution pipelines, a 1.3 million-gallon reservoir, a
low-pressure pump system, a high-pressure pump assembly, and several snowmaking fan guns (Figure 5,
left side).

The snowmaking equipment makes about 8,000 cubic feet of snow per hour using 24,000 gallons of water,
drawing from the reservoir. The low-pressure pump system pulls water from the bottom of the reservoir to

4 Please note that the WTI website is presently undergoing a major upgrade, so specific example links aren’t given
as they are likely to change within the next few weeks. Should questions arise, WTI is happy to provide examples
of data or walk the U.S. DOT through a document search.
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the high pressure pump. The high-pressure pump system further pressurizes water to the hydrants and the
snowmaking guns. A snowmaking event is shown in Figure 5 (right).

The four fan guns are mobile and multi-positional, which increases the capacity to control variables and
create a range of environmental condition scenarios, including snow, rain and ice:

e Snow making capacity is maximized when the temperature is below 25 degrees and the
relative humidity is low.

o When the temperature is warmer, the snow guns can create a downpour of rain.

e At certain cold temperatures, the guns can be used to simulate an ice storm.

Figure 5: Fan gun snowmaker (left), Man-made snow event across the test track (right).

Complementing the ability to change the tire-road coefficient of friction at TRANSCEND is the ability to
quantify road-tire friction coefficient. On-site, TRANSCEND has this capability with a Halliday RT3 wheel
friction device (Please see Figure 6.). The Halliday RT3 wheel friction device uses a meter that records
continuous road surface grip in wet or dry road conditions, as well as during anti-icing, snow removal and
deicing operations. It provides grip readings to the operator of a winter maintenance vehicle via an in-cab
control panel. This device allows the quantification of road-tire friction prior to, during, and after testing.

WTI is presently creating a proposal to the NSF Division of Advanced Cyberinfrastructure Division for
funding to support the procurement and installation of wireless DSRC networks and other supporting
cyberinfrastructure to support research for rural AV/CV systems. This application is made through the
Cyberinfrastructure for Emerging Science and Engineering Research (CESER) program. Although this
cyberinfrastructure is not critical for TRANSCEND to operate as an AV/CV proving ground, the installation
of permanent wireless and computational hardware would greatly increase the efficiency with which
AV/CV research and analysis can be performed.

Readiness
The TRANSCEND facility is in operation today, thereby meeting the requirement that the facility be open for
testing by 01 January 2018.

TRANSCEND supports a wide based of users; some of the projects underway and/or completed are listed in
Table 2.

It is important to note that many of the other activities at TRANSCEND are compatible with AV/CV
technologies. For instance, the RADS system, if equipped with a Roadside Unit (RSU), could broadcast
via DSRC the presence and location of roadside animals to approaching vehicles, providing advanced
warning. In 2014, animal-vehicle collisions claimed 166 lives.

12
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Figure 6: Halliday friction wheel.

Table 3. Projects underway and completed at TRANSCEND.

Testbed Name/Capability Project(s)

RADS (Road Animal e RADS project (2006-2009)
Detection System) Animal Detection System Sensor test
. . Effects of Defensive Vehicle Handling Training on Novice Driver
Driver Training Track Safety
o Best Practices for Snow/lce Removal on CA roadways
Winter Testbed o Evaluation of Friction Measuring Devices
PNS Inhibitor Longevity & Deicer Performance Study
Corrosion Corrosion Testbed: Proof of Concept
¢ Field Investigation of Geosynthetics Used for Subgrade
Subgrade Stabilization Stabilization

Pooled Fund Subgrade Stabilization Project

Rural Vehicle Communication | Roadside-to-Vehicle Communications Project

e 100 percent fly ash concrete for TRANSCEND infrastructure

o Fly Ash Concrete Test Pads to Assess Constructability and
Durability

Reclaimed Asphalt Pavement (RAP) Concrete Test Pads

Alternative Materials

13
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The multi-purpose nature of TRANSCEND provides many opportunities to investigate rural transportation
issues in the AV/CV framework, and may inspire new applications when other users of TRANSCEND are
exposed to AV/CV technology.

As a Designated Automated Vehicle Proving Ground, the Designated Point of Contact will be Craig
Shankwitz. Craig may be reached at (406) 994-6030 craig.shankwitz@montana.edu.

With respect to operation on public roads, Dr. Shankwitz brings more than 15 years of experience with on-
highway applications. In the early days of RTK GPS, neither virtual reference networks nor cellular data
connections existed; RTK GPS corrections were broadcast on FCC-approved VHF and UHF channels. To
ensure sufficient broadcast range, VHF and UHF antennas were mounted on local community water towers
— communities that these snowplows served. Once the city council was made aware of the application and
the positive effect it would have on the community, approval was always granted.

Education is the key to cooperation; if the community is made aware of what is happening, and the benefits
from which they will benefit if the work is successful, requests will be approved. Open houses,
presentations, and even short stories in the local newspaper maintain connections, and ensure a
collaborative work environment.

Adherence to Laws, Regulations, and Federal Policy

WTI and MSU have a strong history of operational, on-road deployments of driver assist systems, and a
similar history of on-road human-factors experiments using human-subjects. The Minnesota State Patrol
and the Minnesota Department of Transportation were early participants in these on-road studies, and as
such, laws, rules, and regulations were adhered to closely.

Experiments with L3 automation on Minnesota Highways began in 2003 in a snowplow gang-plowing
environment®, and continued as the Driver Assist System for Transit buses operating on narrow shoulders
was developed in Minneapolis in 20096, Protocols taken in those early years conformed to those in the
NHTSA guidelines. With lessons learned in those early years, adherence to the NHTSA guidelines can be
assured.

TRANSCEND Facility Aerial View.
An aerial view of the Transcend facility is provided in Appendix 1: Aerial View of Transcend.

S http://www.cts.umn.edu/Publications/ResearchReports/reportdetail.ntml?id=1027
& http://www.nxtbook.com/ygsreprints/ygs/1-27910831nxtbook/index.php#/0
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Appendix 1: Aerial View of Transcend
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Application for Designation of New York City as an Automated Vehicle Proving Ground
NYC Department of Transportation 12/19/2016

“New York City must be prepared to embrace the future that is all but imminent. We cannot and will not
be a city that stifles innovation, nor suppresses market demand. However, we will search for a balance
that places the public good at the forefront of our work and therefore think carefully about how
autonomous vehicles interact with our city and its millions of people. ” Ydanis Rodriguez, New York City
Council Member, Chair of Transportation Committee, Driverless Car Oversight Hearing 10/28/16

A. Introduction

The New York City Department of Transportation (NYC DOT) recognizes that automated vehicles (AVs)
will be part of our future transportation mix, and could come to dominate surface transportation in a
matter of decades. If properly designed and implemented, AVs promise dramatic improvements in street
safety, an opportunity to reduce private car ownership and increase shared-use mobility, and the potential
to accelerate vehicle electrification and realize air quality and carbon reduction benefits.

However, in order to realize these benefits in cities like New York, the software and equipment guiding
AVs require careful testing in a range of complex and chaotic urban street environments. New York City
believes that to most effectively navigate the City’s system of surface streets, arterials and highways, AVs
will need to connect to each other and to infrastructure—a perspective supported by USDOT’s
announcement of a proposed rulemaking requiring all new light-duty vehicles to be able to use Dedicated
Shortrange Radio Communication to transmit Basic Safety Messages. NYC DOT is already partnering
with USDOT on a Connected Vehicle (CV) Pilot, making the City uniquely poised to support evaluation
of the convergence of CV and AV technologies.

New York City is initiating an Automated Vehicle Testing Program to facilitate the testing of AVs that
promote accessible, shared, electric mobility, and the convergence of connected and automated vehicle
technologies. New York City is applying for the designation of AV Proving Ground in order to provide
AV developers with an unmatched opportunity to develop their vehicles and technologies and contribute
to a set of best practices for AV operations in busy urban centers across the country.

Applicant Information

NYC DOT has over 4,500 employees, and oversees the largest and most complex urban street network in
North America, with over 6,000 miles of streets and sidewalks, 789 bridges, 95 miles of bus lanes, and
more than 1,000 miles of bike routes. The agency controls 13,000 signalized intersections from its Traffic
Management Center (TMC) utilizing the NYC citywide wireless system (NYCWIiN), and maintains over
310,000 streetlights and one million signs. It also operates the Staten Island Ferry, the second largest
public ferry service in the United States. Each day this integrated system supports the movement of
millions of people by foot, bus, bike, ferry, and car, and enables trucks to deliver millions of tons of
freight to homes and businesses. NYC DOT’s work is guided by its Strategic Plan 2016, and the City’s
One New York: The Plan for a Strong and Just City, which both compel it to seek innovative solutions to
respond to the dramatic growth of the City, and the mobility, sustainability and equity challenges it faces.

The Testing Program will be overseen by NYC DOT’s Traffic Operations (TO) unit, and supported by the
Policy unit. TO manages the TMC and oversees the CV Pilot, and has broad expertise in traffic
engineering and transportation systems management.
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In addition, TO can call on the staff resources of other units within the agency, such as External Affairs
and Transportation Planning & Management (TP&M), including TP&M’s Transit Development Group.
TO and TP&M also have access to multiple teams of federally procured on-call consultants from planning
and engineering firms, and have the capability to assemble and release requests for proposals for
planning and engineering services.

B. NYC DOT Connected Vehicle Pilot

The decision to initiate an AV Testing Program in New York City builds on USDOT and the City’s
combined $26 million investment in connected vehicle equipment and infrastructure. While AV and CV
technologies are both progressing through various development and testing efforts, NYC DOT is not
aware of any other testing of both technologies in an urban transportation environment. NYC DOT
intends to leverage this substantial investment of resources into CV infrastructure to advance the
integrative testing of CV and AV technologies, and identify best practices to inform municipalities around
the country and original equipment manufacturers globally.

In 2015, USDOT awarded the New York City Department of Transportation $21.6 million, supplemented
by $4.8 million in City contributions, to spearhead the largest deployment of connected vehicle
technology to date. NYC DOT’s planned deployment provides an ideal opportunity to evaluate connected
vehicle technology and applications in tightly-spaced intersections typical in a dense urban transportation
system. The project area encompasses three distinct and relatively high-complexity areas in the boroughs
of Manhattan and Brooklyn. The first area includes a 4-mile segment of Franklin D. Roosevelt (FDR)
Drive in the Upper East Side and East Harlem neighborhoods of Manhattan (red in Figure 1). The second
area includes four one-way corridors in Manhattan (green in Figure 1). The third area covers a 1.6-mile
segment of Flatbush Avenue in Brooklyn (Green in Figure 2).

Up to 5,800 cabs, 1,250 MTA buses, 400 commercial fleet delivery trucks, and 500 City vehicles that
frequent these areas will be outfitted with the CV technology. Using Dedicated Short Range
Communication (DSRC), the deployment will include approximately 310 signalized intersections for
vehicle-to-infrastructure (V2I) technology. In addition, NYC DOT will deploy approximately 8 roadside
units (RSUs) along the higher-speed FDR Drive to address challenges such as short-radius curves, a
weight limit and a minimum bridge clearance and 36 RSUs at other strategic locations throughout the
City to support system management functions. As a city bustling with pedestrians, the pilot will also
focus on reducing vehicle-pedestrian conflicts through in-vehicle pedestrian warnings and an additional
V21/12V project component that will equip approximately 100 pedestrians with personal devices that
assist them in safely crossing the street.

In 2016, NYC DOT completed Phase I, a twelve-month Concept Development process. This phase
included selection of the connected vehicle applications of interest, completion of the Safety Management
Plan, and a week-long demonstration of connected vehicle technologies by interested vendors at the
Aqueduct Racetrack in Queens. The Agency is now in Phase Il: Design, Deployment and Test, which will
continue through mid-2018. Procurement of the CV equipment is currently underway, with a product
demonstration in December of 2016 and deployment planned for early 2017.
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Figure 1: Connected Vehicle Pilot Area Connected Infrastructure Deployment - Manhattan
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C. NYC DOT Automated Vehicle Testing Program

As the next step to accelerate the safe testing and deployment of connected and automated vehicle
technology, the NYC DOT is initiating a three-year, multi-track AV Testing Program within the five
boroughs. The program will focus on four main goals:

1. Testing AV technologies in a full spectrum of real urban environments among diverse
populations;

2. Advancing the convergence of AV and CV technology;

3. Exploring opportunities and design solutions to ensure AVs are accessible to New Yorkers of all
ability levels; and

4. Encouraging electric, shared last-mile mobility solutions that supplement transit.

Through this program, NYC DOT intends to advance efforts to develop AVs and mobility service models
that achieve these goals. The agency will simultaneously pursue two separate testing structures, or tracks:
(1) fixed route automated shuttles and (2) automated passenger vehicles. This dual testing program will
allow NYC DOT to explore multiple functions and use cases concurrently, and the relationship of the two
models in the context to the City’s broader transportation system and mobility needs.

Both tracks will follow a tiered-complexity model, where AV systems will begin by testing in low-traffic
environments, and, as they demonstrate greater capability based on NYC DOT’s safety evaluation,
progress to more complex environments. For the purposes of this program, complexity refers to all of the
factors that affect the difficulty of navigating an environment for AVs, including traffic volumes and
speeds, pedestrian and cyclist volumes, curb regulations and compliance, consistency and visibility of
lane markings, street geometry, construction activities and other planned obstructions, weather and the
impact of tall buildings on AV sensors. This approach will ensure that the full breadth of New York
City’s street environments can be brought to bear on the program in a safe and responsible manner.

Vehicles in both tracks will be equipped with the CV technologies, adapted to operate in an AV system to
the degree feasible without disrupting the Connected Vehicle Pilot timeline. Because the current CV Pilot
areas represent some of the highest-use streets in the City, connected infrastructure will also be installed
at one or more of the low-complexity test environments, to begin testing the applications of CV
technology in AV systems at the initial stages of the program.

Track | — Fixed-Route Automated Shuttles

NYC DOT will initiate the AV Testing Program by soliciting interest in testing connected, automated
shuttles, capable of transporting 8-15 passengers at a time, on fixed routes with pre-determined stops.
These shuttles will be deployed at first to limited-access, low-complexity campus environments, and all
automated shuttles will have backup operators onboard, both to ensure safe operation and to comply with
current Federal and New York State AV legal requirements. Using metrics that the project team develops
in consultation with industry and other transportation professionals operating AV testing programs, NYC
DOT will evaluate the performance of the vehicles in the low-complexity environments. If the team
determines that the system has met the pre-set performance targets, NYC DOT will initiate testing on a
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more complex route. All services will be free to passengers for the duration of the three-year testing
period.

The test vehicles will be outfitted with connected vehicle equipment capable of communicating with the
other vehicles in the CV Pilot, and the connected roadside infrastructure being tested in the CV Pilot
areas. Shuttles tested in Track | will also be required to be accessible to New Yorkers with disabilities and
NYC DOT will encourage participants to use electric or hybrid-electric vehicles.
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Figure 3: EasyMile’s EZ10, an example of the low-speed automated shuttles that Track | will test in
environments of tiered complexity (Wikimedia Creative Commons)

Track | seeks to build on the European Union’s CityMobil2 demonstration efforts, conducted throughout
Europe between 2014 and 2016 in a range of environments, from limited-access campuses to moderate-
density urban centers, such as La Rochelle, France, and Trikala, Greece. In these tests, the low-speed
shuttles carried passengers to transit stops, between tourist attractions, and around campus facilities,
typically at speeds considerably lower than their maximum of 25 miles per hour (mph).

Similar to other emerging automated shuttle test projects in the US, such as the one being initiated by the
Contra Costa Transportation Authority in California, Track I aims to contribute to the developing body of
best practices for testing and deployment of higher-occupancy AVs, with a particular focus on urban
centers and inclement weather scenarios. These tests will explore not only the operational capabilities of
automated shuttles in a variety of environments, but also their functional potential as connections to
transit, especially for users with disabilities or limited mobility.

As transit vehicles, these shuttles may be considered for connected-vehicle transit service solutions such
as Transit Signal Priority (TSP), in addition to the other safety applications being testing in the CV Pilot
(See Figure 4). Looking ahead, linking automated shuttles to the CV pilot may lay the foundation for
future investigation into coordination between different transit modes through CV systems. Such real-





Application for Designation of New York City as an Automated Vehicle Proving Ground
NYC Department of Transportation 12/19/2016

time communication could improve transfers between modes (between automated shuttles and Select Bus
Service buses, for example), and better encourage multi-modal trips.

Starting with fixed routes in limited-access, low-complexity locations, the Track | test routes will increase
in complexity as the AV systems demonstrate greater competencies. Most of the test locations will not
include separated lanes for the shuttle to travel in, meaning it will be required to respond to the mix of
street users in each environment. While the locations are still being finalized and this framework may be
modified, NYC DOT has identified the following tiers of complexity for Track I:

Tier 1: Low-complexity, limited-access campus

The shuttle will operate within a campus environment with extremely limited, low-speed vehicle traffic.
The shuttle will provide transportation services on a fixed route around the facilities. Lanes will be clearly
marked, and operating speeds will generally be kept below 10 mph. Potential locations include the
Brooklyn Navy Yard, a 300-acre industrial park in Brooklyn operated by the New York City Economic
Development Corporation (NYC EDC), and Governors Island, a park and cultural complex in New York
Harbor operated by the Trust for Governors Island.

Tier 2: Low-complexity street environment

The shuttle will operate on a fixed route in a low-traffic street environment with other vehicles. It will
provide transportation services from partner facilities or housing developments to transit or ferry stops,
between nearby campus locations, or along low-complexity street corridors. NYC DOT will select
corridors that demonstrate high levels of compliance with curb regulations and low traffic and delivery
volumes. Lanes will be clearly marked, and operating speeds will generally be kept below 15 mph.
Potential locations include Roosevelt Island, a residential and research community in the East River, Co-
op City, an 600-acre housing development in the Bronx, and the Brooklyn Army Terminal, an industrial
park operated by NYC EDC.

Tier 3: Medium-complexity street environment

The shuttle will operate on a fixed route in a medium-traffic street environment. It will provide
transportation services along neighborhood commercial corridors, from partner facilities or housing
developments to transit or ferry stops, or between nearby campus locations. Routes may be longer than in
Tier 2, and may involve moving through busier intersections. Lanes will generally be clearly marked, but
some markings may be faded. Operating speeds will generally be kept below 20 mph. Potential locations
include neighborhood commercial corridors in the Bronx, Brooklyn, Queens and Staten Island. These
locations will be identified during the planning for the testing program in 2017.

Tier 4: High-complexity street environment

The shuttle will operate on a fixed route in a high-traffic street environment. It will provide transportation
services along regional commercial corridors, in addition to the route types identified in the lower tiers. In
Tier 4, lanes may not be well delineated, and may occasionally be obstructed by double-parked vehicles,
requiring the capacity to safely change lanes. Operating speeds may reach a maximum of 25 mph, but will
likely be kept lower in accordance with other vehicle traffic. Potential locations include the Financial
District in Lower Manhattan and Downtown Jamaica in Queens.
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Tier 5: Very high-complexity street environment

The shuttle will operate on a fixed route in a very complex street environment. Lanes may not be well
delineated and may often be obstructed by double-parked vehicles, requiring the capacity to safely change
lanes. These environments will include the high pedestrian and cyclist volumes characteristic of the City’s
Central Business Districts. NYC DOT does not expect to initiate testing at this level for several years.
Potential locations include: Midtown Manhattan, Downtown Brooklyn, and Downtown Flushing in
Queens.

Particularly for the tiers that occur on public streets (2-5), NYC DOT will encourage the test entity to
integrate a fleet management system into the test effort, where the shuttles are monitored remotely to
evaluate challenges encountered in real time and determine how to proceed. In the CityMobil2 pilots, this
management component improved the performance of the vehicles and the experience of the passengers
by enabling a greater degree of flexibility as the systems engaged with unforeseen obstacles common to
public streets.

Though we have identified five tiers of complexity that could categorize any street environment in the
City, NYC DOT does not expect to begin testing in Tiers 4 and 5 within the initial three years of the
program. NYC DOT expects testing entities to require several years of successful demonstration in the
first three tiers to demonstrate sufficient system capability to begin exploring testing in tiers 4 and 5. After
the completion of three years of Track [, NYC DOT will evaluate whether it is in the City’s best interest
to continue testing and/or operating automated shuttles.

Track Il — Standard Automated Vehicles

Track I, which will start after but run concurrently with Track I, will collaboratively build a test program
for electric, connected and automated vehicles with interested industry partners through a Request For
Expressions of Interest (RFEI) to test within the City. Whereas Track | focuses on automated shuttles,
during Track I NYC DOT will facilitate the testing of AV systems operating in vehicles that conform to
more standard passenger vehicle models.

This, too, will follow a testing sequence based on tiered complexity. However, instead of operating on
fixed routes, vehicles in Track Il will be permitted to operate autonomously within zones that correspond
to Tiers 1-5 in Track I. In addition to testing the automated system in a closed campus environment, Tier
1 will also include driving the vehicles in manual mode in Tier 2 and Tier 3 environments, to determine
how the system would respond were it operating in automated mode. Once NYC DOT determines that a
given AV test system has met its pre-established performance benchmarks within a specified operational
design domain (ODD), it will advance to the next, more demanding tier, with the final level permitting the
vehicle to test autonomous operation across the entire City. NYC DOT will identify the Track 2 testing
locations during the planning phase of the program in 2017.
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Figure 4: nuTonomy’s automated passenger vehicle, currently being tested in Singapore. (nuTonomy)

As in Track I, NYC DOT will endeavor to structure Track Il testing to provide real transportation services
to New Yorkers, while ensuring that the systems being tested have passed a rigorous safety analysis by
operating safely without passengers in the test environment for several months. Professional test drivers
will be required in all test vehicles.

During the three-year AV Program, NYC DOT will evaluate the performance of Track Il participants in
the different difficulty tiers. This testing will advance AV systems by providing access to a dense urban
testing environment setting for the software to mature, as well as generate important new information
about the unique challenges posed by such transportation environments. The RFEI will also focus on
secure data sharing methods that respect privacy but provide the City critical trip information that can be
used to better actively manage the street network. These methods will be developed in consultation with
other cities engaging in similar testing, and industry and security experts. Looking to USDOT’s Federal
Automated Vehicles Policy, NYC DOT will base its evaluation of the AV systems in part on how they
address the document’s 15-point Safety Assessment.

Additional Agency Long-Term Planning Efforts

In addition to the commencement of AV testing in the City, NYC DOT has begun a series of long-term
planning activities to holistically assess the City’s social, legal, financial, infrastructural readiness for
automated vehicles. These efforts, including the development of an NYC DOT Automated Vehicle Policy
Framework and ongoing stakeholder engagement, involve collaboration across agencies and different
levels of government, and will determine how the City can shape the advent of AV technology,
particularly within the five boroughs, to achieve our desired outcomes: improved safety, mobility, equity
and sustainability. NYC DOT has identified the following actions, and will pursue them in tandem with
the AV Testing Program.
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Expand the existing NYC Automated Vehicle Working Group to include all relevant municipal
agencies;

Develop and publish a NYC Automated Vehicle Policy Framework (AV Framework) laying out
considerations, current readiness, desired outcomes and potential actions for New York City to
take in relation to AVs;

Collaborate with manufacturers advancing AV technologies to identify and categorize the
different operational design domains (ODDs) within the City to determine how vehicles may be
safely used in and, if necessary, restricted from certain areas;

Work with partner agencies and entities to develop comprehensive fiscal, financial, and business
tools as a basis for investment decisions related to vehicle automation in the City;

Create methods to include AV technology scenarios in policies and planning of transportation
infrastructure; consider changes in current assumptions, investments, processes, and decisions;
Engage with stakeholders, including communities, elected officials, civic groups and industry
partners to promote informed discussion, building on the testimony presented at the NYC Council
Oversight Hearing on Driverless Vehicles;

Engage with other US cities, through the AV Proving Grounds Community of Practice, the
National Association of City Transportation Officials, and other networks to share best practices,
identify common goals and coordinate data sharing standards; and

Advocate at State and Federal level to advance regulatory and policy actions that promote desired
outcomes as identified in the AV Framework.

Program Implementation Timeline

The following timeline illustrates NYC DOT’s intended course of action to implement the AV Testing
Program:

Finalize Test Routes and Neighborhoods: Q1-Q2 2017

Finalize list of viable locations for Tracks I and Il
Engage with elected officials to determine most interested neighborhoods
Develop engagement materials and seek input from relevant stakeholders

Solicit Interest in Testing: Q2-Q4 2017

Issue Track | RFP for selected routes

Issue Track Il RFEI for selected neighborhoods

Select Track | test entities to begin at initial sites

Develop Track 11 test program based on responses to RFEI

Finalize Safety Management Plan and Evaluation Metrics: Q4 2017

Release comprehensive Safety Management Plan for Tracks | and 11

Appoint Designated Safety Officer

Confirm evaluation measures to be employed in both Tracks of the testing program in comparison
with other AV testing best practices and lessons from the CV pilot
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e Provide CV Infrastructure for Tier 1 and 2 AV Proving Ground Environments: Q3 2017-Q4 2018
e Plan and engineer CV infrastructure elements in low complexity campus/street environments
e Install basic CV infrastructure elements for low complexity campus/street environments

Facilitate AV Testing and Operation: 2018-2020

e Coordinate necessary route and neighborhood high-definition mapping for AV system with
program participants

e Begin initial Track | testing at campus location by 1/1/18

e Begin Track Il testing at campus location and manual operation in Tier 2 and 3 locations

e Perform reviews of Track I and II participants’ AV system performance at periodic intervals, and
evaluate potential to progress to more complex tiers

o Reissue RFP for participation in both Tracks on a yearly basis to engage more parties interested
in safe testing within the City

Review Testing Program Effectiveness and Evaluate Continuation: Q1-Q4 2020
o Evaluate progress made by automated vehicle systems through program tiers
e Measure mobility services provided during program, particularly through Track |
e Determine economic impact of testing on the City
o Reassess City priorities in automated vehicle space based on program findings and impacts
e Decide whether to continue testing program in New York City

D. Designation as an Automated Vehicle Proving Ground

In light of these forthcoming AV testing efforts and the unique opportunities presented by the City’s
significant investment in connected vehicle infrastructure, NYC DOT is applying to join the Community
of Practice to advance the research and testing of these new technologies as an Automated Vehicle
Proving Ground under the city/urban core category. NYC DOT expects participation in the Community of
Practice to amplify the impacts of its local testing efforts and to accelerate the development of this
potentially revolutionary technology.

Response to Evaluation Criteria
Mandatory Criteria

New York City commits to appointing a Designated Safety Officer to oversee the program and participate
in the Community of Practice, and sharing the Safety Management Plan once it is completed, before the
commencement of testing in 2018. Non-proprietary safety data, anonymized to protect passengers’
privacy where applicable, will be made available to members of the Community of Practice.

Proposed Contributions

Now entering its second year and Phase |1 of the program, NYC DOT’s CV Pilot has produced a
comprehensive Safety Management Plan, following the methodology outlined in ISO 26262. This
publicly-available plan demonstrates NYC DOT’s commitment to safety and capacity to develop a robust
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safety management tool. Over the course of the next year, NYC DOT will adapt this plan methodology to
prepare a Safety Management Plan for the AV Testing Program, which will be made accessible to all
participants in the Community of Practice and the general public.

New York City has a long history of providing leadership in transportation and infrastructure, which
continues with the CV Pilot and the proposed AV Testing Program. And, because of its size and
international profile, any test of these technologies in the City will be closely watched by regulators and
industry actors across the country. The intensity of New York City’s densest neighborhoods has led it to
be referred to as the “double-black diamond” of AV testing grounds.

While testing will proceed cautiously through less-complex environments before reaching that level, the
need to expose these technologies to the country’s most complex surface transportation network is
paramount. The lessons learned in New York regarding pedestrian interactions, responses to inclement
weather and frequent construction impacts, and performance in dense built environments will provide a
wealth of information useful to all major urban areas and participants in the Community of Practice;
simultaneously, the focus on transit connections and shared mobility will encourage more focus on both
automated transit solutions and system integration.

An emphasis on wheelchair accessibility and the specific needs of New Yorkers with disabilities will also
advance the national conversation around the expansion of mobility services for vulnerable populations.
And, given New York City’s large population of professional drivers, the City will use this increased
visibility to begin planning, studying, and advocating for solutions to help mitigate the labor market
impacts that self-driving vehicles are likely to cause. Millions of Americans make their living by driving
and the engagement and workforce methods developed here will be relevant elsewhere.

Outside of the Community of Practice, New York City will leverage its connections to other groups of
transportation professionals, such as the National Association of City Transportation Officials (NACTO),
Transportation Research Board (TRB), and ITS America, to spread its findings and the lessons learned
from the Community of Practice to other interested municipalities.

Commitment to Safety

New York City Mayor Bill de Blasio was the first mayor of a major American city to adopt Vision Zero,
and the City has made a steadfast commitment to street safety central to every aspect of its operations.
The results are compelling: 2015 saw fewer traffic deaths than in any year since 1910, even as deaths
increased nationally. As part of Vision Zero, the City reduced its speed limit to 25 miles per hour. Our
low speed environment will be conducive to the safe testing of AVs: Like all human drivers, AVs will be
required to comply with the speed limit at all times, increasing the time available for detecting and
responding to other street users and unknown obstacles, and decreasing the time necessary to slow or stop
when necessary.

As with the CV Pilot, the AV Testing Program will be structured around conservative operational best
practices. Testing in the City will begin under a comprehensive Safety Management Plan developed in
2017. In all cases for both tracks of the program, professional test operators will be present in the vehicle
and ready to retake control instantaneously should the vehicle show signs of misinterpretation or
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malfunction, and NYC DOT will explore the potential to implement driver attentiveness monitoring.
Further, the tiered structure of the program is designed to conservatively assess and permit automated
vehicle operation in an expanding number of environments, so that the test procedure for AV technology
is consistent with the standard of safety demanded in all other facets of DOT’s work. We commit to
coordinating with other members of the Community of Practice around Safety Management Plan best
practices in order to further enhance the safety of the program.

Research, Application and Data Sharing

Though it is perhaps best known for the uniquely-dense streets of Midtown Manhattan, New York City in
fact comprises an extremely diverse set of neighborhood and street typologies, ranging from quiet
residential streets with single-family homes and parked vehicles to bustling avenues lined by skyscrapers
and overflowing with pedestrians, cyclists, buses, cabs and street vendors. This typological spectrum
presents an opportunity to test automated vehicles in a relatively comprehensive set of circumstances,
producing information exportable to other municipalities across the country.

The City’s emphasis on robust data gathering and analytical methods will ensure that its AV testing
efforts are well-documented and the findings complement the other efforts within the Community of
Practice. NYC DOT and the New York City Taxi and Limousine Commission (NYC TLC) already
collect, analyze, and share a range of anonymized traffic data, including aggregated GPS data for all
yellow, green and livery cab trips in New York City. As with this data, NYC DOT will collect, analyze
and share results from the program with Community of Practice, while ensuring that the methodology
protects passengers’ privacy and participants’ proprietary information.

The extensive concept development and related stakeholder engagement completed for the CV Pilot
provides a strong basis for the AV Testing Program’s data recording and sharing protocols. Though the
potential privacy concerns for the CV Pilot, which installs sensors directly into thousands of stakeholders’
vehicles, are significantly greater than in the AV program, the use of largely similar protocols, including
the encryption and anonymization of data, will support integration of the efforts and the use of consistent
best practices.

While NYC DOT will collaboratively develop the metrics to be reported during participation in the AV
Testing Program, many of those used in the CV pilot to measure the effectiveness of the safety
applications are also of interest for the AV program. Both tracks of the AV testing will aim to collect
high-level information on the vehicle’s performance within the test environment, including precision of
the sensors equipment and analysis of the roadway conditions; aspects of the street environment that are
consistently challenging to AV systems; instances of sudden unexpected; instances of sudden deceleration
and perceived “near misses”’; any contact with other vehicles or pedestrians; and total miles traveled.
Track | vehicles will also measure the number of passengers they transport, and passengers will be
periodically surveyed about their responses to the vehicles. The project management team will use the
Vehicle Performance Guidance in USDOT’s recently-released Federal Automated Vehicles Policy to
assess and report on the vehicles” Object and Event Detection and Recognition (OEDR) capabilities
throughout the program. Where feasible, NYC DOT and the test partners will explore the use of the CV
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infrastructure installed in the CV Pilot areas to automatically relay information relevant to the AV
program, as occurs in the CV Pilot, potentially decreasing the reporting burden on the test entities.

New York City is home to a group of research institutes and universities with a demonstrated interest in
automated vehicles. The City will engage with these institutions through a Request for Qualifications
seeking academic partners interested in leveraging their research and analytics capacities to extend the
impact of the AV Testing Program. In just the last several months, NYC DOT participated in a panel on
self-driving vehicles featuring a subject-matter expert from the New York University (NYU) Rudin
Center for Transportation; organized a panel titled “Automated Vehicles: Principles for Testing in Urban
Centers” as part of 5" Annual Automated and Connected Vehicle Symposium, hosted by the City College
of New York’s University Transportation Research Center and the NYU Tandon School of Engineering;
and participated in a panel on automated vehicles at the annual meeting of the National Association of
City Transportation Officials (NACTO). EDC oversaw a Cornell University graduate planning studio’s
investigation of the viability of an automated shuttle operating on Governors Island. Civic organizations,
such as the Municipal Arts Society, TechNYC and the Urban Design Forum, have also expressed interest
in partnering with the City to explore the impact of automated vehicles on the function and form of our
future metropolis.

With the publication of USDOT’s Federal Automated Vehicles Policy, state-level conversations about
how to properly respond to and encourage these technologies have begun. The NYC DOT AV Testing
Program will prove invaluable in guiding state-level conversations about long-term regulatory action
around testing and deployment of automated vehicles by providing a wealth of real-world feedback in a
diverse range of contexts.

Demonstrated Investments

The Automated Vehicle Testing Program will build on the considerable investment of Federal and City
resources in the Connected Vehicle Pilot, a $26 million program to develop the largest deployment of CV
technology to date. The convergence of automated and connected vehicle technologies holds great
promise to augment the safety and efficiency benefits of each system, but at present there has been little
detailed, scientific exploration of the practical opportunities to combine them. Recognizing the
significance of the investment in connected vehicle infrastructure as a backbone for safer and more
effective transportation management practices, we will structure its AV Testing Program to probe the
specific interactions of connected and automated vehicle systems, and generate best practices for other
cities.

In addition to the CV Pilot, the City’s Traffic Management Center (TMC), which controls over 12,000
signalized intersections equipped with Advanced Traffic Signal Controllers, represents a significant
investment in innovative transportation management and offers a command point and relevant
professional staff for overseeing the NYC DOT AV Testing Program.

Readiness

Adapting principles and best practices from the development of the Connected Vehicle Pilot, NYC DOT
will move quickly to establish the Safety Management Plan and solicit interest in Track | testing of
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shared, automated shuttles on fixed routes in limited access transportation facilities. Shortly thereafter, the
City will solicit input from industry to develop a collaborative testing program for shared on-demand
AVs. Initial locations for one or both of these tracks will be active before January 1, 2018, and subsequent
test areas will be approved and opened thereafter.

During 2017, the City will finalize evaluation procedures of the AV program, drawing on expertise
gathered during the planning of the CV Pilot and collaborating with industry stakeholders. For reference,
Figure 5 shows the different CV applications being developed, tested and analyzed in the CV Pilot.

Figure 5 — Connected Vehicle Pilot Applications

D Category ‘ NYCDOT - CV Application

1 V2I/12V Safety Speed Compliance

T Curve Speed Compliance

3— Speed Compliance/Work Zone

4— Red Light Violation Warning

5— Oversize Vehicle Compliance

6— Emergency Communications and Evacuation Information
i V2V Safety Forward Crash Warning (FCW)

8— Emergency Electronics Brake Lights (EEBL)

? Blind Spot Warning (BSW)

T Lane Change Warning/Assist (LCA)

T Intersection Movement Assist (IMA)

T Vehicle Turning Right in Front of Bus Warning
13 V2I/12V Pedestrian Pedestrian in Signalized Crosswalk

T Mobile Accessible Pedestrian Signal System (PED-SIG)
15 Mobility Intelligent Traffic Signal System (I-SIGCVDATA)

Opening New York City to AV testing may attract considerable interest from industry. Fortunately, the
sheer size of and number of different viable locations within the City will provide ample opportunity for
different parties to test within the five boroughs. Given that the two tracks of the AV Testing Program
involve different vehicle and route typologies, they will respond differently to vendor interest. Track I,
which will test shared, accessible, automated shuttles on fixed routes, will only permit one user for each
site during a given year, in order to ensure that each test operator is also providing a useful transportation
service. As market research has indicated that there are comparatively few companies producing vehicles
of this type, we anticipate that only a small number of routes will be necessary to accommodate all
interested parties.

Track 11, however, will test passenger automated vehicles, and is likely to appeal to a larger body of
potential participants. Track Il will identify zones that fit the tiered complexity levels, allowing AV
systems that demonstrate sufficiency in low-complexity zones to expand operation into higher-complexity
zones. Because zones will likely be on the scale of neighborhoods, and will distribute across the City, it
will be viable for multiple operators to provide shared on-demand automated service within the same
zones.
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NYC DOT will designate a Point of Contact for government, industry and communities for the AV
Testing Program. In all cases, the City will engage with the communities in which automated vehicles are
being tested, and ensure not only that there is community buy-in, but also that residents understand how
the program works, and how the vehicles can provide supplemental transportation services. Because this
program will try to locate automated vehicles in areas with high concentrations of New Yorkers with
limited mobility, many of which will also be older, the City will develop a comprehensive communication
strategy in multiple languages to explain the vehicles and how they can be used. While outreach will
continue and expand throughout the program, the letters of support included in this application speak to
the broad interest in hosting these tests in the City, and the understanding that New York stands to benefit
from testing and deployment of AVs.

Adherence to Laws, Regulations and Federal Policy

The City will ensure that its AV testing adheres to all federal, state and local laws and regulations.
Vehicles will be required to meet all Federal Motor Vehicle Safety Standards (FMVSS), unless they
demonstrate that they have been granted an exemption by the National Highway Traffic Safety
Administration to test an automated vehicle that does not fully comply with FMVSS. The New York City
Law Department is currently undertaking a legal audit of the New York State Vehicle Traffic Law (VTL)
and related state statutes to understand the universe of relevant statutes, and inform future legislative and
regulatory priorities in this area.

Section 1226 of VTL currently states that at least one hand or prosthetic device must be positioned on the
steering mechanism at all times. As long as this statute remains in effect, the AV program will require test
drivers to keep their hands poised at the wheel. Fortunately, this also represents a test-driving best
practice, as it allows drivers to retake control more quickly when necessary, and decreases the likelihood
of inattention.

It is likely that at some point in the future, legislators will seek to amend Section 1226 and perhaps other
statutes in order to permit the testing of automated vehicles with driver control equipment. Should this
occur, the City will consider pursuing trials of such vehicles that can demonstrate that a test driver is not
necessary for public safety; until that point, only vehicles with the required human control equipment will
be eligible for testing in the City.

Much of the testing that will occur under the NYC AV Testing Program will eventually occur on public
roads. While the metrics used for the Pilot are still under development, they will include observation of
the test vehicles compliance with the 15-point safety assessment outlined in the Vehicle Performance
Guidance of USDOT’s Federal Automated Vehicles Policy.
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Appendix:
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THE CiTY OF NEwW YORK
OFFICE OF THE MAYOR
NEwW YORK, NY 10007

December 15, 2016

The Honorable Anthony R. Foxx
U.S. Department of Transportation
1200 New Jersey Avenue, SE
Washington, D.C. 20590-0001

Dear Secretary Foxx:

I am writing to request that the U.S. Department of Transportation designate New York
City as a Community of Practice in the Automated Vehicle Proving Ground Pilot Program.

Shared, on-demand automated vehicles present one of the most compelling solutions to
the mobility challenges that too many New Yorkers continue to face — especially our growing
population of senior citizens and people with disabilities. However, in order to provide these
accessibility improvements, vehicles must be affordable, accessible, and distributed equitably.
Connecting New York with other test facilities and peer cities across the country will help ensure
that this technology develops in a way that supports our diverse populations.

Participation in this pilot will also allow New York City to safely test automated vehicle
technology on a complex traffic network, helping ensure that automated vehicles are able to
operate on busy city streets. The City’s traffic-safety initiative, Vision Zero, has made
remarkable strides. In 2015, there were fewer traffic deaths on our streets than any year since
1910, even as the death toll increased nationally. New York City has built an ambitious Vision
Zero program that combines policy, engineering and education, and we will use this framework
to create a robust testing program that advances technology while serving communities.

We are grateful for USDOT’s support for the NYC Department of Transportation’s
participation in the Connected Vehicles Pilot Program, and we are excited at the prospect of
building on our connected vehicles work to examine the intersection of automated and connected
technologies in urban environments. | ask that you once again affirm New York’s unique
opportunity to be a frontrunner in advanced transportation management.

Thank you for your support of this important initiative.
Sincerely,

B b Blare

Bill de Blasio
Mayor

BDB:jk





OFFICE OF THE BROOKLYN BOROUGH PRESIDENT

ERIC L. ADAMS
President

December 14, 2016

Honorable Anthony Foxx

Secretary

United States Department of Transportation
1200 New Jersey Avenue Southeast
Washington, DC 20590

Re: Letter of support from Borough President Adams for USDOT’s Automated Vehicle Proving
Ground Pilot Program

Dear Secretary Foxx:

As Brooklyn’s borough president, the safety and security of all Brooklynites is my greatest
priority. For that reason and so many others, I am happy to support New York City as a
designated Community of Practice in the United States Department of Transportation’s
(USDOT) Automated Vehicle Proving Ground Pilot Program.

Brooklyn is a hub of technical innovation, and we are additionally striving to meet the City’s
Vision Zero objective of no pedestrian deaths as a result of vehicular crashes. Our involvement
in this pilot program would do much in advancing Vision Zero’s safety goals, by preparing
automated vehicles for busy city streets, while also ensuring the safe deployment of this
technology in urban areas across the country.

I am committed to transit equity for all Brooklynites. Shared, on-demand automated vehicles is
an interesting idea to address the mobility challenges that far too many Brooklyn residents
continue to face, particularly given our growing population of seniors and those with disabilities,
for whom our subway system is largely inaccessible. Upgrades must be implemented in order for
vehicles to be made more accessible, affordable, and distributed equitably across the five
boroughs, and connecting New York City with other test facilities and peer cities across the
country will help ensure that this technology develops in a way that supports our cities and their
diverse populations.

USDOT has already awarded New York City $20 million to participate in the Connected
Vehicles Pilot Program, recognizing the crucial role we have played at the forefront of advanced
transportation management. I urge you to help us advance these efforts, and allow the City to
build on the Connected Vehicle Pilot in order to examine the intersection of automated and
connected vehicle systems.

Brooklyn Borough Hall 209 Joralemon Street  Brooklyn, New York 11201 718/802-3700 Fax 718/802-3522 www.brooklyn-usa.org





December 14, 2016

Honorable Anthony Foxx

Re: Letter of support from Borough President Adams for USDOT’s Automated Vehicle Proving
Ground Pilot Program

Page 2

The convergence of these technologies will save more lives than either can separately, making it
imperative that the lessons from this pilot be advanced swiftly and shared widely. The City’s
designation as an Automated Vehicle Proving Ground will support these aims.

Ilook forward to building on this framework to create a robust testing program that advances AV
technology while serving communities. Thank you for your support of this important initiative.

Sincerely,
>
Cp—~ [ —
Eric L. Adams

Brooklyn Borough President

ELA/es





DISTRICT OFFICE CHAIR

618 WEST 177" STREET TRANSPORTATION
NEW YORK, NY 10033
(917) 521-2616 COMMITTEES

FAX: (917) 521-1293 .
FINANCE

CITY HALL OFFICE LAND USE

250 BROADWAY, ROOM 1763 HOUSING & BUILDINGS
NEW YORK, NEW YORK 10007 THE COUNCIIL OF HIGHER EDUCATION
(212) 788-7053 ; EDUCATION
FAX: (212) 227-1215 THE CITY OF NEW YORK
http://council.nyc.gov/d10/html/members/home.shtml
YDANIS RODRIGUEZ S

PLANNING, DISPOSITIONS & CONCESSIONS
COUNCIL MEMBER, 10™ DISTRICT, MANHATTAN

December 12, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

| am writing to urge you to designate New York City as a Community of Practice in the USDOT
Automated Vehicle Proving Ground Pilot Program. Involvement in pilot will not only advance
the City’s Vision Zero safety goals by preparing automated vehicles for busy city streets, but will
also ensure the safe deployment of this technology in urban areas across the country.

Shared, on-demand automated vehicles present one of the most compelling solutions to the
mobility challenges that too many New Yorkers continue to face — especially the growing
population of senior citizens and people with disabilities, for whom the subway system is largely
unusable. However, in order to provide these accessibility improvements, vehicles must be
affordable, accessible, and distributed equitably across the five boroughs. Connecting New York
with other test facilities and peer cities across the country will help ensure that this technology
develops in a way that supports our cities and their diverse populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced
transportation management when it awarded the City $20 million to participate in the Connected
Vehicles Pilot Program. With that effort well underway, | ask that you once again affirm New
York’s unique position, and allow the City to build on the Connected Vehicle Pilot to examine
the intersection of automated and connected vehicle systems. The convergence of these
technologies will save more lives than either can separately, making it imperative that the lessons
from this pilot be advanced swiftly and shared widely. The City’s designation as an Automated
Vehicle Proving Ground will support these aims.

The City’s traffic-safety initiative, Vision Zero, has already made remarkable strides. In 2015,
there were fewer traffic deaths on our streets than any year since 1910, even as the death toll





increased nationally. NYC has built an ambitious Vision Zero program that combines policy,
engineering and education, and will build on this framework to create a robust testing program
that advances AV technology while serving communities.

I strongly support New York City’s development of an Automated Vehicle Pilot that safely tests
the deployment of these technologies, and | believe designation as an Automated Vehicle
Proving Ground, and the access to the Community of Practice that comes with it, will enable us
to get there faster. | thank you for your support of this important initiative.

Sincerely,

Ydanis Rodriguez
Council Member, District 10





December 16, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

| am writing to urge you to designate New York City as a Community of Practice in the USDOT
Automated Vehicle Proving Ground Pilot Program. Involvement in pilot will not only advance
the City’s Vision Zero safety goals by preparing automated vehicles for busy city streets, but will
also ensure the safe deployment of this technology in urban areas across the country.

Shared, on-demand automated vehicles present one of the most compelling solutions to the
mobility challenges that too many New Yorkers continue to face — especially the growing
population of senior citizens and people with disabilities, for whom the subway system is largely
unusable. However, in order to provide these accessibility improvements, vehicles must be
affordable, accessible, and distributed equitably across the five boroughs. Connecting New York
with other test facilities and peer cities across the country will help ensure that this technology
develops in a way that supports our cities and their diverse populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced
transportation management when it awarded the City $20 million to participate in the Connected
Vehicles Pilot Program. With that effort well underway, | ask that you once again affirm New
York’s unique position, and allow the City to build on the Connected Vehicle Pilot to examine
the intersection of automated and connected vehicle systems. The convergence of these
technologies will save more lives than either can separately, making it imperative that the lessons
from this pilot be advanced swiftly and shared widely. The City’s designation as an Automated
Vehicle Proving Ground will support these aims.

The City’s traffic-safety initiative, Vision Zero, has already made remarkable strides. In 2015,
there were fewer traffic deaths on our streets than any year since 1910, even as the death toll
increased nationally. NYC has built an ambitious Vision Zero program that combines policy,
engineering and education, and will build on this framework to create a robust testing program
that advances AV technology while serving communities.

Though automated vehicles have the potential to bring the city great opportunities with respect to
safety and sustainability, | am also cognizant of the risks that automated vehicles will bring to
our local economy. Many New Yorkers make a good living driving vehicles in and around our
City. From taxi and bus drivers to commercial delivery drivers and mail carriers, these workers
provide our communities with essential services. Automated vehicles, therefore, have the
potential to displace thousands of workers in coming decades. It is essential that NYC develop
and implement an inclusive and equitable transition plan that ensures these workers have a clear





path to financial stability even in the face of job displacement. We would be eager to work with
you and other cities to accomplish this.

| strongly support New York City’s development of an Automated Vehicle Pilot that safely tests
the deployment of these technologies, and | believe designation as an Automated Vehicle
Proving Ground, and the access to the Community of Practice that comes with it, will enable us
to get there faster. | thank you for your support of this important initiative.

Sincerely,

Council Member Brad S. Lander
Deputy Leader for Policy
New York City Council
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Maria Torres-Springer
President & CEO

Tel: 212.312.3500
Fax: 212.312.3913

December 19, 2016 mtorres-springer@edc.nyc

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

| am writing to urge you to support NYC DOT's application to designate New York City
as a Community of Practice in the USDOT Automated Vehicle Proving Ground Pilot
Program. Involvement in pilot will not only advance the City’s Vision Zero safety goals by
preparing automated vehicles for busy city streets, but will also ensure the safe
deployment of this technology in urban areas across the country.

Shared, on-demand automated vehicles present one of the most compelling solutions to
the mobility challenges that too many New Yorkers continue to face — especially the
growing population of senior citizens and people with disabilities, for whom the subway
system is largely unusable. However, in order to provide these accessibility
improvements, vehicles must be affordable, accessible, and distributed equitably across
the five boroughs. Connecting New York with other test facilities and peer cities across
the country will help ensure that this technology develops in a way that supports our
cities and their diverse populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced
transportation management when it awarded the City $20 million to participate in the
Connected Vehicles Pilot Program. With that effort well underway, | ask that you once
again affirm New York’s unique position, and allow the City to build on the Connected
Vehicle Pilot to examine the intersection of automated and connected vehicle systems.
The convergence of these technologies will save more lives than either can separately,
making it imperative that the lessons from this pilot be advanced swiftly and shared
widely. The City’s designation as an Automated Vehicle Proving Ground will support
these aims.

The City’s traffic-safety initiative, Vision Zero, has already made remarkable strides. In
2015, there were fewer traffic deaths on our streets than any year since 1910, even as
the death toll increased nationally. NYC has built an ambitious Vision Zero program that
combines policy, engineering and education, and will build on this framework to create a
robust testing program that advances AV technology while serving communities.

As the President at New York City Economic Development Corporation (NYCEDC), |
strongly support New York City’s development of an Automated Vehicle Pilot that safely
tests the deployment of these technologies, and | believe designation as an Automated
Vehicle Proving Ground, and the access to the Community of Practice that comes with it,
will enable us to get there faster. NYCEDC operates or collaborates with several sites
where automated vehicles hold particular promise to address mobility challenges,

110 William Street, New York, NY 10038 ® 212.619.5000 ® www.nycedc.com





including the Brooklyn Army Terminal, Governors Island, and the Brooklyn Navy Yard.
Additionally, NYCEDC supports the development of technology industries and the
deployment of innovative technologies that support New York City’s neighborhoods and
economy. | thank you for your support of this important initiative.

Sincerely,

Maria Torres-Springer





GOVERNORS ISLAND

10 South Street, Slip 7
Hew York, NY 10004
T212.440.2200

F 212.480.4320
govisland.com

December 16, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

I am writing to strongly urge you to designate New York City as a Community of
Practice in the USDOT Automated Vehicle Proving Ground Pilot Program.
Involvement in this pilot will not only advance the City’s Vision Zero safety goals
by preparing automated vehicles for busy city streets, but will also ensure the safe
deployment of this technology in urban areas across the country.

Governors Island, a 172 acre island in New York Harbor, just a 5 minute ferry
ride from Manhattan and Brooklyn would be a perfect place to deploy this
program. We have 5 miles of private roads and no private vehicles on the Island.
We could be a perfect testing ground for this type of technology since we are an
island, independent from the rest of the city streets, where these vehicles can
safely be tested.

Shared, on-demand automated vehicles present one of the most compelling
solutions to the mobility challenges that too many New Yorkers continue to face —
especially the growing population of senior citizens and people with disabilities,
for whom the subway system is largely unusable. However, in order to provide
these accessibility improvements, vehicles must be affordable, accessible, and
distributed equitably across the five boroughs. Connecting New York with other
test facilities and peer cities across the country will help ensure that this
technology develops in a way that supports our cities and their diverse
populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in
advanced transportation management when it awarded the City $20 million to
participate in the Connected Vehicles Pilot Program. With that effort well
underway, I ask that you once again affirm New York’s unique position, and
allow the City to build on the Connected Vehicle Pilot to examine the intersection
of automated and connected vehicle systems. The convergence of these
technologies will save more lives than either can separately, making it imperative
that the lessons from this pilot be advanced swiftly and shared widely. The City’s
designation as an Automated Vehicle Proving Ground will support these aims.





GOVERNORS ISLAND

10 South Street, Slip 7
New York, NY 10004
T212.440.2200
F212.480.4320
govisland.com

The City’s traffic-safety initiative, Vision Zero, has already made remarkable
strides. In 2015, there were fewer traffic deaths on our streets than any year since
1910, even as the death toll increased nationally. NYC has built an ambitious
Vision Zero program that combines policy, engineering and education, and will
build on this framework to create a robust testing program that advances AV
technology while serving communities.

I strongly support New York City’s development of an Automated Vehicle Pilot
that safely tests the deployment of these technologies, and I believe designation as
an Automated Vehicle Proving Ground, and the access to the Community of
Practice that comes w1th it, will enable us to get there faster. I thank you for your

Mlchael M. Semmaelian Y AIA, AICP

The Trust for Governors Island





December 14, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

On behalf the NY Tech Alliance, as well as the other members of the New York tech ecosystem,
I am writing to urge you to designate New York City as a Community of Practice in the USDOT
Automated Vehicle Proving Ground Pilot Program. Involvement in pilot will not only advance

~the City’s Vision Zero safety goals by preparing automated vehicles for busy city streets, but will
also ensure the safe deployment of this technology in urban areas across the country.

As you may know, the NY Tech Alliance is a non-profit organization whose mission is to
represent, inspire, support, and help lead the New York technology community and ecosystem to
create a better future for all. Our organization consists of over 60,000 members.

Shared, on-demand automated vehicles present one of the most compelling solutions to the
mobility challenges that too many New Yorkers continue to face — especially the growing
population of senior citizens and people with disabilities, However, in order to provide these
accessibility improvements, vehicles must be affordable, accessible, and distributed equitably
across the five boroughs. Connecting New York with other test facilities and peer cities across
the country will help ensure that this technology develops in a way that supports our cities and
their diverse populations.

The City’s traffic-safety initiative, Vision Zero, has already made remarkable strides. In 2015,
there were fewer traffic deaths on our streets than any year since 1910, even as the death toll
increased nationally. NYC has built an ambitious Vision Zero program that combines policy,
engineering and education, and will build on this framework to create a robust testing program
that advances AV technology while serving communities. In addition to helping solve the many
technical issues, the City is committed to planning for the anticipated labor market impacts of
automated vehicles.

We strongly support New York City’s development of an Automated Vehicle Pilot that safely
tests the deployment of these technologies, and I believe designation as an Automated Vehicle
Proving Ground, and the access to the Community of Practice that comes with it, will enable us
to get there as quickly as practicable. I thank you for your support of this important initiative.

Sincerely,
fok g7

Erik K. Grimmelmann, Ph.D.
President





PARTNERSHIP e e v Vorke NV 10004
for NeW YOl’k Clty pfnyc.org

December 15, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

On behalf of the Partnership for New York City, a nonprofit organization representing the city’s
business leaders and largest private sector employers, we urge designation of New York City as
a Community of Practice in the Automated Vehicle Proving Ground Pilot Program. New York
City has the country’s most focused and comprehensive program for improving vehicular
safety, known as Vision Zero, which positions us well to test the deployment of automated
vehicles in a highly congested urban setting.

Shared, on-demand automated vehicles would help us address increasing congestion, logistics
and mobility challenges. For example, we have a growing population of senior citizens and
people with disabilities, for whom the subway system is largely unusable. We need to explore
transportation alternatives that are affordable, accessible, and safe and automated vehicles are a
compelling possibility.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced
transportation management when it awarded the City $20 million to participate in the
Connected Vehicles Pilot Program. With that effort well underway, we now hope to examine
the intersection of automated and connected vehicle systems. The convergence of these
technologies will save more lives together than separately. The City’s designation as an
Automated Vehicle Proving Ground will support these aims.

The City’s traffic-safety initiative, Vision Zero, has already made significant progress. In 2015,
there were fewer traffic deaths on our streets than in any year since 1910, even as the death toll
increased nationally. NYC has built an ambitious Vision Zero program that combines policy,
engineering and education, and will build on this framework to create a robust testing program
that advances AV technology while serving communities.






The Partnership for New York City strongly supports New York City’s development of an
Automated Vehicle Pilot that safely tests the deployment of these technologies. Designating
New York City as an Automated Vehicle Proving Ground, and the access to the Community of
Practice that comes with it, will enable us to get there faster. I thank you for your support of this
important initiative.

Sincerely,

/
Kathryn 5. Wylde
President
PartnersHip for New York City
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December 15, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

| am writing to urge you to designate New York City as a Community of
Practice in the USDOT Automated Vehicle Proving Ground Pilot Program.
Involvement in pilot will not only advance the City’s Vision Zero safety goals by
preparing automated vehicles for busy city streets, but will also ensure the
safe deployment of this technology in urban areas across the country.

Shared, on-demand automated vehicles present one of the most compelling
solutions to the mobility challenges that too many New Yorkers continue to
face — especially the growing population of senior citizens and people with
disabilities, for whom the subway system is largely unusable. However, in
order to provide these accessibility improvements, vehicles must be
affordable, accessible, and distributed equitably across the five boroughs.
Connecting New York with other test facilities and peer cities across the
country will help ensure that this technology develops in a way that supports
our cities and their diverse populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in
advanced transportation management when it awarded the City $20 million to
participate in the Connected Vehicles Pilot Program. With that effort well
underway, | ask that you once again affirm New York’s unique position, and
allow the City to build on the Connected Vehicle Pilot to examine the
intersection of automated and connected vehicle systems. The convergence of
these technologies will save more lives than either can separately, making it
imperative that the lessons from this pilot be advanced swiftly and shared
widely. The City’s designation as an Automated Vehicle Proving Ground will
support these aims.

The City’s traffic-safety initiative, Vision Zero, has already made remarkable
strides. In 2015, there were fewer traffic deaths on our streets than any year
since 1910, even as the death toll increased nationally. NYC has built an
ambitious Vision Zero program that combines policy, engineering and
education, and will build on this framework to create a robust testing program
that advances AV technology while serving communities.

MARSHAK HALL ROOM 910
THECITY COLLEGE NEW YORK NEW YORK 10031 212-650-8050 FAX 212-650-8374
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| strongly support New York City’s development of an Automated Vehicle Pilot that
safely tests the deployment of these technologies, and | believe designation as an
Automated Vehicle Proving Ground, and the access to the Community of Practice
that comes with it, will enable us to get there faster. | thank you for your support of
this important initiative.

Sincerely,

el

Camille Kamga, Ph.D.
Director

® Page 2





MANHATTAN
CHAMBER OF
COMMERCE

December 14, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx:

I am writing to urge you to designate New York City as a Community of Practice in the USDOT
Automated Vehicle Proving Ground Pilot Program. Involvement in pilot will not only advance the
City’s Vision Zero safety goals by preparing automated vehicles for busy city streets, but will also
ensure the safe deployment of this technology in urban areas across the country.

Shared, on-demand automated vehicles present one of the most compelling solutions to the
mobility challenges that too many New Yorkers continue to face - especially the growing population
of senior citizens and people with disabilities, for whom the subway system is largely unusable.
However, in order to provide these accessibility improvements, vehicles must be affordable,
accessible, and distributed equitably across the five boroughs. Connecting New York with other test
facilities and peer cities across the country will help ensure that this technology develops in a way
that supports our cities and their diverse populations.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced
transportation management when it awarded the City $20 million to participate in the Connected
Vehicles Pilot Program. With that effort well underway, I ask that you once again affirm New York’s
unique position, and allow the City to build on the Connected Vehicle Pilot to examine the
intersection of automated and connected vehicle systems. The convergence of these technologies
will save more lives than either can separately, making it imperative that the lessons from this pilot
be advanced swiftly and shared widely. The City’s designation as an Automated Vehicle Proving
Ground will support these aims.

The City's traffic-safety initiative, Vision Zero, has already made remarkable strides. In 2015, there
were fewer traffic deaths on our streets than any year since 1910, even as the death toll increased
nationally. NYC has built an ambitious Vision Zero program that combines policy, engineering and
education, and will build on this framework to create a robust testing program that advances AV
technology while serving communities.
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NEw YORK, NY 10036
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I strongly support New York City’s development of an Automated Vehicle Pilot that safely tests the
deployment of these technologies, and I believe designation as an Automated Vehicle Proving
Ground, and the access to the Community of Practice that comes with it, will enable us to get there
faster. I thank you for your support of this important initiative.

Sincerely,

S

Jessica Walker
President & CEO





il ' Brooklyn Chamber
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December 14, 2016

Honorable Anthony Foxx
Secretary

U.S. Department of Transportation
1200 New Jersey Avenue SE
Washington, DC 20590

Dear Secretary Foxx,

[ am writing to urge you to designate New York City as a Community of Practice in the USDOT Automated
Vehicle Proving Ground Pilot Program. Involvement in the pilot will not only advance the City’s Vision Zero
safety goals by preparing automated vehicles for busy city streets, but will aiso ensure the safe deployment of
this technology in urban areas across the country.

The Brock!yn Chamber of Commerce (BCC) is a membership-based business assistance organization which
represents the interests of over 2,200 member businesses, as well as other businesses across the borough of
Brooklyn. The Brooklyn Alliance is the not-for-profit economic development organization of the BCC, which
works to address the needs of businesses through direct business assistance programs for all industry sectors.

Shared, on-demand automated vehicles present one of the most compelling solutions to the mobility challenges
that too many New Yorkers continue to face — especially the growing population of senior citizens and people
with disabilities, for whom the subway system is largely unusable.

USDOT recognized New York City’s unique opportunity to be a frontrunner in advanced transportation
management when it awarded the city $20 million to participate in the Connected Vehicles Pilot Program.
With that effort, well underway, | ask that you once again affirm New York’s unique position, and allow the
City to build on the Connected Vehicle Pilot to examine the intersection of automated and connected vehicle
systems.

[ strongly support New York City’s development of an Automated Vehicle Pilot that safely tests the
deployment of these technologies, and I believe designation as an Automated Vehicle Proving Ground, and the
access to the Community of Practice that comes with it, will enable us to get there faster. I thank you for your
support of this important initiative.

Sincerely,

{ . ;’7 //j’ A
Andrew Hoan
Acting President and CEO

Brooklyn Chamber of Commerce

Cc: Polly Trottenberg, NYCDOT Comnissioner

AH/al
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