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Deployment of the Larson Transportation Institute’s Autonomous Vehicle 
Proving Ground  


Safety Officers: 
Steve Williams, LTI administrative operations manager and safety officer, to act as liaison to national 
safety meetings 


Dennis Kovalick, LTI test track direct manager, to act as on-site safety officer  
 


Senior Investigators:     
Dr. Eric Donnell, Professor of Civil Engineering and Director of the Larson Transportation Institute 


Dr. Sean Brennan, Professor of Mechanical Engineering, Department of Mechanical and Nuclear 
Engineering with joint appointment to the Larson Transportation Institute 


Dr. Martin Pietrucha, Professor of Civil Engineering and faculty associate of the Larson Transportation 
Institute 


Mr. David Klinikowski, Director of the Altoona Bus Testing Program, Larson Transportation Institute 


Dr. Suresh Iyer, Research Associate and lead researcher for PSU’s heavy-vehicle emissions program, 
Larson Transportation Institute 


Summary: 
This proposal is written in response to the U.S. Department of Transportation’s (USDOT) 
request to designate Penn State facilities and noted surrounding roadways as USDOT Automated 
Vehicle Proving Grounds in support of DOT-OST-2016-0233. Among the testing locations in 
this application are Penn State’s closed-loop test track and supporting equipment therein, with 
testing able to extend to nearby roadways and interstate highways via partnerships with the local 
municipality and PennDOT. 
This document is intended to 
provide the following: the 
history and details of the 
proposed facilities; details of 
ongoing projects utilizing this 
equipment within connected, 
automated, and autonomous 
systems; the existing and 
proposed safety management of 
the testing locations; an outline 
of proposed upgrades and data 
collection to occur over the 
2017-18 calendar year relevant 
to this work; and example plans 
to further grow and utilize the 
facilities.  


 
Figure 1.  The proposed facilities include Penn State’s test 
track which enables closed access and the ability to change 
pavement conditions. 
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History of the Penn State Test Track 
The Penn State test track, shown in Figure 1, is a one-mile oval roadway which includes unique 
testing capabilities that reflect a long and rich transportation research history. The testing site 
concepts originated in 1969 with planning for a licensing and testing facility for PA motor 
vehicle operators. In 1971, construction at the test track included a location for pavement 
durability testing to assess pavement design. The Pavement Durability Research Facility is a full-
scale experimental highway. Research included the evaluation of seal coat performance, the 
evaluation of in-situ instrumentation, the effects of tire types and pressures on pavement 
performance, and the use of in-situ instrumentation for resilient moduli measurements. 
 
The facilities grew in use during the 1970’s and 80’s, eventually requiring in 1989 the 
development of a full-scale test track in support of the 
federal bus testing program (Figure 2). The Penn State Bus 
Research and Testing Facility located at the test track, is part 
of the Altoona Bus Research and Testing Center. The Bus 
Research and Testing Facility was designed and built in 1989 
with funding provided by the Federal Transit Administration 
(FTA). Features at this testing location include a vehicle test 
lane on the inside edge of the pavement durability lane, a 
handling area, and a durability course. These areas are used 
during the safety, acceleration, dynamic towing, structural 
durability, and exterior noise portions of new model bus 
testing. All new model buses to be purchased with federal 
funds must be tested using the test track. 
 
In support of heavy vehicle and transit testing, upgrades to the track have occurred regularly over 
the past 10 years to enable alternative fuels and powering systems testing. This includes a 
hydrogen fueling station, electric vehicle pack testing equipment, and multi-fuel stations. 
Certification of vehicle fuel economy and emissions is possible via equipment within a high-roof 
garage that includes a 400 horsepower motoring chassis dynamometer alongside a certified 
emissions test stand. In 2015, installation was completed of a DSRC radio network and dedicated 
DGPS base station on site in support of connected vehicle testing and autonomous vehicle testing 
of heavy-duty vehicles, in partnership with the Volvo Group.  


Test Track Management and Personnel:  
The proposed proving ground at the test track is an operational site for the Altoona Bus Research 
and Testing Center, which oversees the testing of new model buses in accordance with test 
procedures approved by FTA. The facility operates 24-hours per day, 5 days per week, and is 
fully staffed with test drivers, mechanics, and technicians. Presently, the management of the test 
track is included in the operation of the Bus Research and Testing Program.  The organizational 
chart is provided in Figure 3.  


Test track operations are coordinated by a full-time on-site manager who is identified in this 
proposal as the operational safety manager for on-site testing.  The manager works with the 
administrative staff at Penn State’s Thomas D. Larson Pennsylvania Transportation Institute 
(LTI) to coordinate the insurance and billing required for contracted testing.  The manager is also 


 
Figure 2.  The federal bus 
testing program is ongoing at the 
proposed facility, readily 
enabling transit automation 
testing. 
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responsible for coordinating safety 
in accordance with the College of 
Engineering safety plan and 
participates in the International 
Committee for Proving Grounds 
Safety (ICPGS).  The ICPGS is an 
informal voluntary group of test 
track professionals that meets twice 
a year to focus on sharing safety 
information and lessons learned 
regarding proving ground 
safety.  The committee members 
collectively represent proving 
ground facilities throughout the United States and Europe.   


The test track is staffed with three shifts of five test drivers.  Mechanics and test technicians are 
available during the day shift.  These personnel are available for vehicle and equipment testing, 
research support, facility maintenance and vehicle repair work.  The test track operates year 
round and supports testing in all weather conditions. 


Current Capabilities of the Test Track 
The test track presently includes many of the core capabilities needed to perform connected, 
automated, and autonomous vehicle tests. Most critical to all of these tests are: 


1) The ability to ensure access control, i.e. the ability to prevent any unauthorized access to 
the track from non-test vehicles and the public at large.  This enables safety-critical tests 
to be performed safely away from public exposure. 


2) The ability to control pavement surfaces, including pavement markings, signage, 
signaling systems, and even wetting or icing the surface (in winter weather) under 
controlled conditions. This allows vehicle testing in novel situations such as, for example: 
iced roads, incorrectly marked roads, unmarked roads, and special traffic signaling. 


Additionally, the track supports many core capabilities that are essential to advanced vehicle 
testing, several of which are noted below.  


The Differential GPS System 
An on-site Differential GPS base station is maintained at the test track to ensure access to 
differential corrections in the test track and surrounding area. The station is calibrated regularly 
and includes the ability to reprogram for both defense and civilian correction standards. 
Corrections are broadcast using standard wireless radio protocols. 


The Dedicated Short-Range Communication (DSRC) Radio Network 
To facilitate connected vehicle testing, the test track maintains a DSRC radio network. This 
consists of three on-site DSRC road-side base station sites that are networked to the central 
garage facility. An additional 3 rover units are also regularly used on-site, and the radio coverage 
of each unit is shown via color-coded test results around the test track in Figure 4.  


 
Figure 3.  The staffing and organizational chart for the LTI 
test track. 
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Electrification and Charging Systems 
The Vehicle Research and Testing Laboratory is equipped with power-processing equipment for 
testing batteries and electric vehicles. This equipment consists of an AV-900 and ABC-150 
power processors from Aerovironment, Inc. The equipment provides hardware-in-the-loop 
simulation and test capability for vehicle battery packs and electric drivetrains. The systems are 
capable of testing motors, inverters, and energy storage components and are also capable of 
simulating energy storage systems in the vehicle, such as the battery, flywheel, 
drivemotor/inverter, auxiliary power unit, or fuel cell. The flexibility of the systems allows for 
simulation of a constant DC bus (infinite battery source) or real battery behavior. The behavior 
(battery impedance) of the simulated battery can be a function of battery type, load, State of 
Charge (SOC), ambient temperature, age, recent history or any number of parameters. Dual 
channels provide the ability to simultaneously perform two different tests. This bi-directional 
capability allows clean AC power to be sent back to the utility grid, eliminating the need for 
resistive load banks and the associated cooling equipment.  
 
The facility is equipped with sufficient electric vehicle charging facilities to be able to perform a 
fast charge on multiple heavy duty vehicles simultaneously. An on-campus charging system 
exists for Tesla and other passenger electric vehicles. 
 


 
Figure 4. There are three DSRC radio system coverage at the LTI test track. 
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Vehicle Testing Laboratory 
The use of autonomous or automated 
vehicle technologies, for example 
platooning strategies such as 
Cooperative Adaptive Cruise Control, 
are motivated by the potential increase 
in fuel economy and emissions 
reductions due to changes in vehicle 
operating conditions afforded by 
automation strategies. The LTI test 
track maintains an emissions test stand 
facility capable of testing heavy 
vehicle system emissions including 
transit buses, heavy trucks, and tractor-
trailers. As part of the Bus Research 
and Testing Facility, LTI completed 
the construction of a 10,000 square 
foot vehicle research and testing 
laboratory located adjacent to the test track in 2004. The laboratory is equipped with four test 
and maintenance bays and provides ample space for vehicle maintenance and testing. 
 
The Vehicle Testing Laboratory is equipped with a 350 HP, large-roll (72 inch diameter) chassis 
dynamometer (Figure 5) suitable for heavy-vehicle emissions testing. The dynamometer is 
located in the end test bay and is part of the heavy vehicle emissions analysis laboratory.  The 
emissions laboratory consists of a full-scale dilution tunnel and exhaust emissions analysis 
system for testing heavy-duty diesel and alternative-fueled buses for a variety of tailpipe 
emissions including; particulate matter, nitrates of oxygen, carbon monoxide, and hydrogen. The 
computer-controlled dynamometer is capable of simulating over-the-road operation for a variety 
of vehicles and driving cycles. The test track facility is equipped to fuel gasoline, diesel, 
liquefied natural gas and methanol. Compressed natural gas and high-pressure hydrogen are 
available individually or as a blend from a fast-fill fueling facility located on campus. 


   
Figure 6.  A mobile mapping vehicle (left) is used at the track to generate lane-marker position maps 
that can be compared to camera images from the vehicle to test camera registration of lane markers 
(right). 


   
Figure 5.  The proposed facilities include Penn State’s 
test track (left), campus and surrounding community 
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Mapping Vehicle  
The researchers at Penn State utilize a mobile mapping vehicle (Figure 6) that can host LIDAR 
and camera systems with DGPS systems to obtain roadway geometric layouts, lane marker 
positions, and visual representations of the roadway. The LIDAR systems include Velodyne and 
SICK models. Such roadway geometric data is useful for map-based localization of autonomous 
vehicles, performing sensor calibration tests, determining variability in lane marker conditions, 
and identifying errors in positioning measurements of vehicles.  


Friction Measurement Systems 
The LTI test track hosts an annual international 
friction workshop and maintains a range of pavement 
surface characteristic measurement systems to fully 
identify road friction.  These systems include an 
ASTM-E274 locked-wheel tester, ASTM-E303 
British Pendulum tester, ASTM-E1911 circular 
dynamic friction tester and ASTM-E2157 circular 
texture meter (Figure 7).  The track is equipped with 
a test lane that includes wide range of friction 
surfaces, and this lane is calibrated during each 
friction workshop event thereby allowing comparison 
of international friction measurement standards.   


Crash Safety Research 
It is likely that autonomous vehicle testing may 
require special certification of vehicle performance in 
crash-prone situations. The Penn State Crash Safety 
Research Facility (Figure 8) is one of the few 
university-owned crash testing facilities in the United 
States. A focal point for research pertaining to 
vehicle accidents, the facility provides researchers 
with the means to examine crash-related injuries and 
occupant safety issues; vehicle and highway 
apparatus design, testing, and analysis; and crash-
related data and literature. The facility also offers 
educational and training opportunities for students, 
transportation officials, and the public.  
 
Research facilities include a rail guidance system for full-
scale crash testing; large- and small-scale pendulums for 
impact testing of vehicles, vehicle components, and 
highway structures; and advanced computer and sensor 
systems for high-speed data acquisition, vehicle impact 
simulation, and data analysis. The facilities, systems, and 
equipment enable researchers to test passenger vehicles, 
buses, and heavy vehicles for factors such as structural 
integrity and crashworthiness. The full-scale crash testing 


   
Figure 8.  The LTI test track hosts 
a crash safety research facility that 
is regularly used to study 
vehicle/barrier responses during 
crash events.  


  


Figure 7.  The road friction measurement 
equipment available at the test facility 
allows mobile, spot-specific friction 
measurements.  
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facilities give researchers the opportunity to investigate vehicle interaction with roadside 
barriers, lampposts, and signs.  


Ongoing Connected, Automated, and Autonomous Projects at the LTI Test 
Track 
In addition to many OEM projects whose activities are protected by Non-Disclosure 
Agreements, researchers at Penn State are heavily involved in projects that utilize advanced 
testing capabilities to study connected, automated, and autonomous vehicles. A sampling of 
these projects is highlighted below.  


ARPA-E Research Testing Automated and Connected Vehicle Testing  
Penn State was recently awarded a 3-year ARPA-E project entitled “Maximizing Vehicle Fuel 
Economy through the Real-time, Collaborative, and Predictive Co-Optimization of Routing, 
Speed, and Powertrain Control.” The goal of this project is develop and commercialize a 
hierarchical, model-predictive control system that uses traffic-level, vehicle-level, and 
powertrain-level automation systems to reduce the fuel consumption of commercial vehicles by 
20%. This project specifically utilizes connected vehicle technologies and on-vehicle automation 
systems to achieve this performance improvement, and the project scope includes extensive field 
testing at the LTI test track. 


National Science Foundation Testing Tele-operated Autonomous Vehicles 
The goal of this project, entitled “Assessing Risk Compensation in Real and Virtual Man-
Machine Systems” (National Science Foundation #1635663), is to determine how technology-
mediated interactions between a driver and vehicle affect the driver’s perception of risk. The 3-
year project scope (starting in 2016) includes operation of autonomous vehicles through 
teleoperation that is mediated by Virtual Reality and Augmented Reality interfaces (Figure 9), 
with drivers both in the vehicle and within external driving simulators. This project includes 
driving simulator and live vehicle testing using virtual environments that are mapped to match 
the LTI test track. 


 
  


   
Figure 9.  The NSF project examines a range of technology-mediated methods to control a vehicle, 
comparing driver performance and risk-taking in a range of interactions, including with autonomous 
vehicles that are being teleoperated. 
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Penn State Study on the Impact of Autonomous Vehicle Systems on Traffic 
Behavior 
Penn State 
researchers are 
developing software 
using the Robot 
Operating System 
that allows 
interaction between 
either a simulated or 
live vehicle 
interacting with a 
simulation of virtual 
traffic elements 
(Figure 10). The 
goal of this 
integration of a traffic simulator (AIMSUN) with live vehicle data is to develop tools that allow 
an understanding of how to model, then predict, and then control traffic behaviors that result 
from autonomous and/or connected vehicle technologies. The scope of this work includes 
integration of traffic simulation software to enable synchronization of the simulation software 
with vehicle and infrastructure signaling elements by merging information collected live at the 
LTI test track. 


Safety Management Protocols for the LTI Test Track 


Safety Management Personnel 
LTI is pleased to offer a two-person safety management team for all automated vehicle testing at 
the closed-loop test track.  Mr. Steven Williams, Manager of Safety and Facilities at LTI, will 
serve as the primary safety officer for this application.  Mr. Williams is a member of the Penn 
State College of Engineering safety committee – LTI is a unit within the College.  In this role, he 
serves as a partner to the College and is responsible for implementing its Integrated Safety Plan, 
which sets forth the overall mission and vision for safety and security of all work spaces in the 
College, which includes the test track.  Mr. Williams’ role as the LTI safety manager specifically 
includes the following functions:   


 Establishes safety and security goals for LTI, and ensures that they are consistent with the 
College and University 


 Engages in regular communication of safety concerns, initiatives, and trends between the 
College and LTI 


 Evaluates LTI compliance with established College safety programs, policies, and 
regulations 


 Develops mechanisms to implement new safety policies and procedures that are required 
by the University or College 


 Ensures safety training needs within LTI are met 


   
Figure 10.  Connected and autonomous vehicles can influence surrounding 
traffic behaviors, and the PSU team is developing software that can capture 
vehicle behaviors at the test track for use in traffic simulation studies. 
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 Identifies safety and security funding needs 


 Develops feasible solutions to all safety issues in consultation with the University’s 
Environmental Health Services team 


 Maintains records of all safety meetings and action items 


Mr. Williams developed and maintains the LTI safety plan, and is also responsible for ensuring 
that each project undertaken at the test track contains a standard operating procedure, and that 
testing is executed in accordance with the procedure.  Mr. Williams will participate in all 
national safety meetings organized by USDOT and share safety best practices with all proving 
grounds partners.   


Mr. Denny Kovalick, Test Track Manager, will serve as the safety officer at the test track 
facility.  Mr. Kovalick has managed the test track for 10 years, and has implemented the LTI 
safety management plan for all projects administered at the test track.  He routinely oversees 
many testing projects, including the Federal Transit Administration’s Bus Testing Program.   Mr. 
Kovalick participates in regular safety meetings with Mr. Williams, and will also participate in 
the national safety meetings organized by the USDOT.   


Safety Management Process 
Penn State’s College of Engineering develops the mission and vision for safety and security for 
all laboratories and other research space.  The College’s safety management process is shown in 
Figure 11.  The process ensures that all projects administered at the LTI test track are consistent 
with university policy, and that all safety expectations are clearly communicated to all 
responsible parties before testing is undertaken.  
 


 
Each step in the College safety management process is described in detail below.     


The Integrated Safety Plan (ISP) creates a structure for managing safety and health within each 
unit of the College.  LTI, which includes the test track, is a unit in the College of Engineering.  
The three core elements of the ISP are: Leadership Commitment, Employee Involvement, and 
Self-Review.   Mr. Williams is LTI’s safety leader and is committed to workplace safety and 
health.  He clearly assigns and communicates safety responsibilities to all employees.  He 
engages test track personnel, including Mr. Kovalick, in LTI-specific safety meetings when all 
new testing contracts are initiated.  Mr. Williams routinely undertakes a test track self-review 
process to assess program safety limitations, which is complemented by periodic worksite 
inspections.  The ISP is designed to provide a safe work environment for all projects 
administrated at LTI, including the test track.   


   
Figure 11.  Penn State College of Engineering Safety Management Process.
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The Laboratory Research Safety Plan (LRSP) is a central safety resource for LTI.  It includes 
general information about emergency contacts and safety processes for laboratory spaces at LTI.  
For example, it describes policies related to testing chemical hazards, biological agents, and 
other materials and equipment.  It outlines when various safety equipment (e.g., vests, eyewear, 
etc.) should be used during testing.  Safety testing procedures for automated vehicles have not 
yet been integrated into the LRSP; however, Mr. Williams and Kovalick will work collectively 
with USDOT, PennDOT, vehicle manufacturers, and other partners to develop appropriate 
policies and procedures to execute the prescribed tests, and the procedures will be included in the 
LRSP.  
 
The Unit Specific Safety Plan (USP) is consistent with the LRSP, but must be completed by 
research project investigators when they are under contract to test chemical hazards, biological 
agents, or physical hazards.  The plan must clearly articulate the safety precautions that will be 
used during specific tests.  The USP identifies test track-specific risk areas and which safety 
precautions apply to test track research.  This plan is reviewed and certified by test track manager 
annually. 


Standard Operating Procedures (SOP) are a set of written procedures explaining how to safely 
work within the scope of a project. The SOP identifies any required personal protective equipment 
required for the project. It also identifies unique project needs, such as safety training requirements, 
special equipment requirements, specific equipment operations (i.e. emergency shutoffs), and 
references to safety manual locations.  When testing automated vehicles, Mr. Williams and 
Kovalick will work with USDOT, PennDOT, vehicle manufacturers, and other partners to develop 
SOPs for any testing performed at the test track.   
 
Test Track’s A2LA Certification 
LTI initiated a quality management program in 2012 in accordance with ISO/IEC 17025 general 
requirements for the competence of testing and calibration laboratories.  This standard is used by 
testing and calibration laboratories in most major countries. ISO/IEC 17025 is the standard for 
which most labs must hold accreditation in order to be deemed technically competent. In many 
cases, suppliers and regulatory authorities will not accept test or calibration results from a lab 
that is not accredited.  This effort involves a systematic, program-wide enhancement of 
procedures and management practices to ensure the quality of all data, reporting and 
administrative practices.  The practice for maintaining accreditation involves an ongoing effort 
of calibration, audits, documentation and periodic recertification by an approved, outside 
organization.  LTI is accredited and continues to work to maintain accreditation by the American 
Association of Laboratory Accreditation (A2LA).   


Institutional Review Board Certification 
Federal law requires that any testing involving human test subjects undergo institutional review 
board (IRB) approval. This is to ensure that the safety, ethics, and subsequent data maintain the 
integrity and safety of all subjects involved with careful consideration given to the need for 
subject consent in situations that may impose risk or harm to the test subjects or public. Even 
though IRB approval and/or review is mandated for any research conducted with human subjects 
at universities, there is growing uncertainty and concern on the level of IRB protections that need 
to apply to ongoing vehicle testing. Driving is an inherently dangerous task but one that is within 
accepted risk to the public; however, the purpose of autonomous vehicle testing is to ensure that 
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additional risk is not involved, and ideally that exposure to additional risk is more than offset by 
reduction in accidents and/or accident severity. Because of the uncertainty with the assertion of 
safety inherent in new technologies, it is likely that safety discussions are needed that ensure 
compliance with national and international standards for IRB, as violation of such agreements 
might be deemed as unethical testing. 


Because the IRB approval process is unclear for autonomous vehicle testing, it is sufficient to 
simply note that at present the Penn State team maintains IRB protocols for advanced vehicle 
testing. This includes specific, regular, and certified training on dealing with human subjects and 
resulting data.  


Partnerships with the Surrounding Community for Infrastructure Access 
The LTI test track has the potential to anchor testing capability into the surrounding community, 
including the Penn State Campus, the surrounding local community, and nearby interstate 
highway systems. This is particularly useful because the garage and gated area can serve as a 
vehicle parking/storage, work, and data-collection facility, while at the same time allowing users 
access to a variety of road environments for testing. 


State College Township Partnerships and Access 
The university is an integral part of the local community and thus has a long history of working 
cooperatively with the Borough of State College on projects of mutual interest.  Researchers 
from LTI have used borough roads and streets for field data collection and open field-testing on a 
variety driver and traffic control device related issues.  One of the most extensive of these was 
the study, “Real World On-Premise Sign Visibility, The Impact of the Driving Task on Sign 
Detection and Legibility” (2002), which compared test track and open-field testing of real-world 
driving tasks and conditions impacting on-premise sign detection and legibility.  This study 
involved mounting signs for mock businesses at actual business locations in and around the 
borough over a period of several months so that daytime and nighttime testing could be 
completed.  Activities similar to this have been conducted over the years, and the Larson 
Institute has maintained a strong working relationship with State College. 
 
There has been on-going conversations between LTI and the borough regarding this solicitation 
discussing the suitability and use of borough locations to conduct live field testing of connected 
or automated vehicle technologies similar to what is being done by Uber in the City of 
Pittsburgh.  The borough is open to the idea of acting as a test bed for these technologies, and 
they have provided a letter for this solicitation response to demonstrate that support (see 
Appendix). 


PennDOT Partnerships and Interstate Access 
LTI has a long history of work cooperatively with both the Commonwealth of Pennsylvania and 
the Borough of State College.  Over the nearly 50-year history of LTI, PennDOT has been an 
integral partner in advancing the state of the art and the state of the practice in transportation.  
This history is bolstered by on-going master agreements for the promotion of research, 
education, and training between the university and the Commonwealth and LTI and PennDOT.  
We have had discussions with department officials, and we anticipate being able to have access 
to state roads and streets for testing technologies that are ready to go beyond the limitations of 







2016	Penn	State	University	Automated	Vehicle	Proving	Grounds	
 


 Page 12


trials on a closed facility.  These arrangements will be guided by PennDOT’s nearly completed 
Autonomous Vehicle Testing Policy, the draft of which was issued November 2, 2016, with an 
on-line public hearing on December 12, 2016.  The policy was developed by a task force 
composed of internal and external stakeholders and it made the following recommendations 
which address many of the “regulatory challenges associated with higher levels of automation” 
(as discussed in the solicitation): 


 Testers of highly automated vehicles (HAVs) must submit testing proposals to PennDOT 
and enter contracts attesting that the vehicles meet all federal and state safety standards 
and meet the policies adopted by PennDOT. 


 PennDOT has to be notified prior to any HAV being used without an operator in fully 
self-driving mode. 


 PennDOT and the Pennsylvania Turnpike Commission may temporarily restrict HAVs 
from certain routes. Otherwise, HAVs may be tested on any road in the state. 
Municipalities can also ask PennDOT to temporarily restrict HAVs on local routes. 


 Platooning of HAVs will be restricted to two commercial or three passenger vehicles. 
However, testers can ask to use more HAVs in platooning, but PennDOT can ask for a 
safety demonstration first. 


 The HAVs must be able to record data that can be used to investigate crashes involving 
the HAVs. PennDOT will have access to the data. 


 Testers must certify that cybersecurity protections are in place for the HAVs. 
 PennDOT will collect data on total miles operated by HAVs, total number of hours of 


operation, and size of HAV fleets. PennDOT may also ask for other information such as 
counties where HAVs are being tested and percentage of testing done on limited access 
highways. PennDOT can also ask for information about the economic impact of HAV 
testing. 


 PennDOT and State Police will make annual reports on HAV testing to the Legislature. 
 
In coordination with the 
Pennsylvania District 2 Traffic 
Management Center in Clearfield, 
Penn State can obtain access 
permission to selected interstate 
locations for autonomous vehicle 
testing. Depending on the safety 
requirements of these tests, as well 
as the shared safety agreements 
negotiated over the 2017 year for 
such facilities, public access to 
these locations can be limited in 
agreement with PennDOT to ensure 
public safety. We are aware that 
PennDOT is submitting a separate 
initiative in support of this 
autonomous vehicle testing RFP to 
coordinate activity across the state, 
and our involvement in this activity 


 
Figure 11.  The I-99 corridor connects the LTI test track and the 
Altoona garage facility, providing a unique testing area with 
staging areas at each end. 
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is already beginning with the understanding that additional coordination through PennDOT 
would be required as activities grow.  


The location most likely used for testing would be the recently-opened Interstate 99 corridor 
between Penn State and Altoona. This location, shown in Figure 11, is particularly advantageous 
as it is book-ended on each end by Penn State garage facilities in Altoona, and the LTI test track 
in State College, thereby providing staging areas for vehicle test preparation, data archiving, etc. 
Further, this roadway is very lightly utilized (particularly at night), and is situated within forested 
areas that are unpopulated nearby the roadway. It is mountainous, and thus presents real-world 
challenges for platooning automation strategies. It is well-marked with few on/off ramps and one 
interstate exchange area. It is prone to icy and foggy conditions in the winter. Finally, it is well-
connected (fiber-optic connections) to the local Traffic Management Center, and thus the present 
condition more readily enables upgrades if autonomous vehicle testing should require facility 
upgrades in future years. 


It is anticipated that, as activity grows, the RTMC activities will be coordinated state-wide across 
all 4 RTMCs as well as the State-wide Traffic Management Central in Harrisburg.  The 
Appendix to this application provides a letter of cooperation from PennDOT Secretary Leslie 
Richards, which outlines their role in serving in a coordinating capacity among LTI and two 
other proving ground testing partners in Pennsylvania.   


Data Management Plan 
Data is typically shared with OEM partners via secured site access (Sharepoint and Box, in 
particular), or via direct distribution of hard drives – the common practice in Penn State’s SHRP-
2 involvement and data collections. Internally, most project data repositories are maintained via 
Box, as this system supports encryption and access-monitoring on all data. For road mapping 
projects, the Penn State team has in the past established SQL servers to enable location-based 
queries of road information and road data. For any vehicle or road data collection and in keeping 
with IRB protocols, care is taken to de-identify road users prior to public release, or have 
protected this information accordingly.   
 
It is anticipated that, as part of the DOT coordination of nationwide autonomous vehicle testing 
facilities, that data sharing standards will be further defined and established, and the Penn State 
team looks forward to such discussions to obtain improved public access to federally-funded 
project data, establishing common data-sharing formats, and defining core vehicle data that 
should be captured for vehicle system comparisons between test facilities and over time. 


LTI Autonomous Track Improvement Activities over the Next Year 
Over the 2017 calendar year, planned upgrades to the test track include several aspects with 
specific focus on improving autonomous vehicle testing. These are: 


1) Installation of track-perimeter power and communication systems (Ethernet) that 
enable rapid installation of V2I hardware, signage, or other signalization elements. 
During the installation of the DSRC network in 2015, it was found that different 
configurations of the radio positions on the road-side could impact the V2I performance, 
where some installation positions could cause black-out zones of coverage. It is highly 
desirable to be able to study such situations by selectively changing the physical 
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mounting locations. However, such flexibility demands that power and communication 
hardware be available throughout the perimeter of the track, and not simply at the fixed 
locations chosen earlier. 


2) Testing of DGPS corrections transmitted via 3G, 4G, or DSRC systems. It has been 
seen repeatedly that DGPS systems on roadways near the track can have their differential 
correction broadcasts blocked by trees, terrain, houses, and other elements. If differential 
corrections are broadcast via other methods independent of wireless modems (as 
currently used), then this enables much greater positioning accuracy of the automated and 
autonomous vehicles. 


3) Development of a command-and-control center for telemetry collection (contains 
Confidential Business Information [CBI]). The goal of this task is to establish a 
climate-controlled data collection facility that enables processing of vehicle data that 
synchronizes road-side measurements (traffic cameras, DSRC radio feeds, signage, and 
traffic simulations) with telemetry obtained from vehicles at the track. This same facility 
is meant to facilitate motion coordination, tracking, and testing of autonomous vehicles. 
The design of this facility is to support loading-dock and low-speed autonomous docking 
operations for OEM partners operating heavy autonomous trucks, to collect synchronized 
data for CACC platoons for evaluation of performance and fuel-economy, and as a 
staging area for tele-operated control of automated vehicles. 


The LTI Autonomous Vehicle Safety Review Panel 
While the principal proving group facility included in this application is the LTI test track, there 
are candidate roadways near Penn State’s campus that may be used to expand testing of 
automated vehicle technologies, if the opportunity exists. The Penn State team recognizes that 
vehicle operations may need to proceed from one facility to another, sometimes in a seamless 
manner. Thus, coordination of testing protocols and safety standards between venues is critical. 
 
To coordinate any proposed expansion of testing beyond the test track, LTI proposes to establish 
an autonomous vehicle safety review team.  This team would include the safety officers and 
investigators from LTI who are listed at the top of this agreement.  Additional members of this 
review team will include Mr. Thomas Fontaine, State College Borough Manager; Dennis 
Prestash, PennDOT RTMC Operations Manager; Stanley Niemczak, Jacobs Engineering Group; 
and James Roman, PennDOT Regional Signal Operations Manager.  This group will consider 
any testing requests offered by USDOT, and then coordinate transportation operations, safety 
management plans, and shared agreements between all of the proposed testing locations.  
 
This team will also review safety recommendations and related operational outcomes that 
emerge from DOT connected vehicle pilot programs that are ongoing, as well as common 
standards that emerge as part of the coordinated effort of this project for autonomous vehicle 
testing. Such information will be used to guide and regularly update combined safety policies 
related to connected, automated, and autonomous vehicle testing.
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EXECUTIVE SUMMARY 


Transportation Research Center Inc. (TRC) is pleased to submit this proposal for Designation as an 
Automated Vehicle Proving Ground. TRC along with The Ohio State University were among the first 
to begin testing automated vehicles in the 1970’s. TRC is the ideal candidate for this designation 
because: 
 


 We are the largest independent automotive proving grounds in North America 


 We are 24/7 – we provide turnkey vehicle testing 24 hours a day, 7 days a week with 3 shifts of 
professional staff 


 We are Experts – TRC brings to bear more than 40 years of automotive testing expertise to 
service our 1,000+ clients, including the US Department of Transportation’s NHTSA, the rule 
makers for automotive safety.  In other words, we test the tests.  With TRC’s strong collaboration 
with the Ohio State University’s cutting edge automotive research, we are well positioned to meet 
current and future challenges in automotive product development. 


 We are Confidential and Secure – With the industry’s longest customer list, TRC takes client 
confidentiality and security extremely seriously.  Many of our clients think of TRC as their home 
proving grounds. 


 We are Looking Forward – TRC is excited to play a central role in the auto industry’s biggest 
transformation in more than a century – the development and prove-out of automated 
vehicles.  TRC is the key test facility supporting NHTSA’s development of guidelines and 
regulations for Highly Automated Vehicles, as well as the safe and secure place to prove out 
Smart City concepts.  TRC is supporting automated vehicle testing with an aggressive $100 
million facility expansion over the next few years. 


 
TRC is an independent automotive proving ground providing research and development, and compliance 
and certification testing for vehicles and components for crash testing, emissions testing, dynamic testing 
and durability testing.  Encompassing more than 4,500 acres of land in East Liberty, Ohio, TRC conducts 
programs designed to test for safety, energy, fuel economy, emissions, durability, noise, crash, crash 
simulation and performance. We test trucks, buses, recreational vehicles, motorcycles, electric vehicles, 
passenger cars and components. Our services include research and testing programs. TRC operates 24 
hours a day, 7 days a week for customer convenience. We maintain control over the scheduling of all test 
programs for the safety of all customers and provide secure handling of customers' proprietary 
information and test components. 


TRC is an independent, non-profit, multi-customer Ohio corporation that manages and operates test 
tracks at an automotive testing facility in East Liberty, Ohio. Additionally, TRC is an ideal candidate for 
selection as a Designated Automotive Vehicle Proving Ground Pilot because: 
 


 TRC operates 18 distinct test tracks/courses and automotive testing laboratories and includes 
capabilities suitable for testing light-duty, heavy-duty and off-road vehicles (Figure 1). 


 TRC already provides testing services to US DOT and is home to the National Highway Traffic 
Safety Administration’s Vehicle Research and Testing Center (VRTC). 


 TRC routinely provides testing services to a wide spectrum of vehicle manufacturers and has a 
successful record of accomplishment assisting US DOT in developing and sharing best 
practices around the safe testing, demonstration, and deployment of automated vehicle 
technology. 


 As a successful, independent vehicle testing facility, TRC is committed to safety and the collection 
and sharing of lessons learned and safety data generated through testing and operation. TRC is a 
founding member of The International Committee for Proving Ground Safety (ICPGS).  


 TRC has a robust safety program that engages many levels within the organization to ensure that 
Safety is a given. The program boasts leadership through an experienced dedicated and 
Designated Safety Officer who is responsible for the review and approval of all vehicle test 
programs conducted at TRC 
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MANDATORY CRITERIA 
 


As an operational automotive testing facility, TRC has comprehensive procedures to ensure Safety in 
Test Facility Operations. The Designated Safety Officer is Brett Roubinek, Vice President, Proving 
Grounds at TRC. Mr. Roubinek is a 30-year veteran in driver training and driving safety, broadly focused 
on teen driving, advanced defensive driving strategies and techniques, performance driving, and 
motorcycle safety. He has written about these subjects in a variety of publications and served as an 
expert in broadcast media. Additionally, Brett has spoken about driver training and safety in panel 
discussions/forums with NHTSA and other organizations.  Mr. Roubinek supported by several staff 
routinely engages Brian Gehle, Manager, Vehicle Operations, and Mark-Tami Hotta, President and CEO, 
when tests requiring nonstandard procedures are being conducted. Mr. Gehle is responsible for ongoing 
implementation of all processes and procedures related to vehicle testing. Mr. Gehle has more than a 
decade of experience managing vehicle operations and vehicle testing at TRC. Mr. Hotta is the former 
Chief Engineer, World Wide Proving Grounds at Ford Motor Company. Mr. Hotta was responsible for the 
design and launch of many driver-training programs, and mentored dozens of driver training instructors. 
Mr. Hotta received numerous top awards at Ford Motor Company for health and safety accomplishments. 
He led the design of enhanced proving ground safety protocol that reduced major accidents by 93% and 
track incidents by 96%. Mr. Hotta also served as Chair of the International Committee for Proving Ground 
Safety, and is currently the only representative from North America that is also actively participating in the 
European Proving Ground Safety Association. 
 


TRC will commit resources to share lessons learned, approaches to safety and safety data 
generated through testing and operations. TRC staff routinely contributes and supports the sharing of 
information on test procedures, standards, and safety data.  TRC is a founding member of the 
International Committee for Proving Ground Safety (ICPGS), a collaborative committee for the purpose of 
sharing safety-related lessons learned and best practices.  ICPGS was started over 41 years ago in 1975, 
and has held 95 meetings since its founding.  There are currently 27 active member organizations – all 
organizations actively involved in vehicle testing / proving ground operations.  TRC is also a member of 
the ICPGS Steering Committee, which provides governance and ensures integrity of the committee.  TRC 
has hosted the meeting 6 times, and 4 TRC personnel have served as the Chairperson of ICPGS, 
including TRC’s current President and CEO. In 2010 TRC supplied safety data to researchers to support 
the development and publication of “Recommended Precision Statements for AASHTO Standard 
Methods of Test T22, T104, T105, T154, T186, and T242.” TRC staff serve on the Board of the Ohio 
State Mobility Initiative (OSMI), which is essentially an automated vehicle information sharing and event 
collaboration activity.  


  


Figure 1 Located on 4,500 Acres in East Liberty, Ohio 
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PROPOSED CONTRIBUTIONS 
 


ESTABLISHED AUTOMATED VEHICLE PROGRAM 
The Center was developed by the State of Ohio as a transportation research and development proving 
ground with the purpose of encouraging motor vehicle research and development activities in Ohio. The 
Center began testing in 1974. In 1979, the State of Ohio’s Transportation Research Board entered into a 
management agreement with The Ohio State University’s (University) College of Engineering to oversee 
the operations of the Center. In 1987, the University established Transportation Research Center Inc., a 
non-profit corporation. TRC is governed by a Board of Directors chaired by the University’s Dean of the 
College of Engineering. 


Pioneering research work on automated vehicles was 
carried out by OSU professors during the 1960’s and 
1970’s led by Prof. Fenton of the Electrical Engineering 
Department (Fenton, 1966; Fenton et al, 1968; Fenton and 
Montana, 1968; Fenton and Olson, 1969; Bender and Fenton, 
1969; Ott et al, 1970; Bender et al, 1971; Rue et al, 1972; 
Hauhsdottir and Fenton, 1985; Fenton and Selim, 1988; 
Fenton and Mayhan 1991). The cars used in this pioneering 
work, shown in Figure 2, had a sensor in front that sensed the 
current inside a wire carefully taped to the road and served as 
the path to be followed.  


Wired V2V communication was used between cars and 
platooning experiments were also carried out at that time. 
TRC proving ground was founded as a test bed for these early 
research efforts. The connected and automated vehicle 
research, testing and deployment by OSU staff incorporating the TRC proving ground continued with 
participation in the 1997 Automated Highway System Demo, the 2004 and 2005 DARPA Grand 
Challenges, the 2007 DARPA Urban Challenge and the 2011 Grand Cooperative Driving Challenge.  
 


TESTING AND DEPLOYING AUTOMATED VEHICLE TECHNOLOGY  
 
The National Highway Traffic Safety Administration (NHTSA), a division of USDOT, has its in-house 
test laboratory, Vehicle Research and Test Center (VRTC) on TRC premises.  
TRC provides technical staff including project managers, engineers, scientists and technicians. TRC is 
the preferred contractor for managing and executing various advanced vehicle technology research 
projects. TRC is currently managing over 50 research projects for NHTSA’s VRTC, including automated 
and connected vehicles, cybersecurity, electronics reliability, among others. 
 
TRC supported government and industry research as part of a major initiative by the U.S. Department of 
Transportation (USDOT) for a Connected Vehicle Research Program.  Crash Avoidance Metric Partners 
(CAMP), the National Highway Traffic Safety Administration (NHTSA), and NHTSA’s Vehicle Research 
and Test Center (VRTC) collaborated for elements of the vehicle-to-vehicle (V2V) portion of this initiative, 
which had three phases of testing with TRC involvement in each phase.  The first phase, which consisted 
of 50 vehicles, occurred at TRC in November 2011.  The second phase involved 100 vehicles and took 
place in California in January 2012.  The third and final phase, in March 2012, was conducted at TRC 
with 200 vehicles. Each phase consisted of evaluations that addressed the communications performance 
of V2V systems in various congested traffic scenarios. Testing is shown in Figure 3. 
 


Figure 2 Early Automated Vehicle Tested by 


OSU Professors at the TRC Inc. Proving 


Ground 







4 


 


 
Figure 3 Vehicle-to-Vehicle Communication on the TRC’s Skid Pad 


 
NHTSA, in 2013, awarded a contract to TRC to conduct Connected Vehicle Research. As part of the 
contract, TRC has been involved in developing objective test procedures for various applications of 
connected vehicle technology. These tasks include: 


 Light Vehicle Intersection Movement Assist and Intersection Collision Avoidance research 


 Commercial Connected Vehicle  Safety Applications Evaluation 
o Intersection Movement Assist 
o Forward Collision Warning 
o Blind Spot/Zone Warning/Lane Change Warning 
o Emergency Electronic Brake Light Warning (warnings for Hard Braking events) 


 DSRC (V2V) Radio Objective Testing 
 
In 2015, NHTSA awarded a contract to TRC for functional testing of automated vehicles. As part of this 
contract, TRC has been involved in: 


 Defining the performance of Level 2 Automated systems 


 Documenting operational characteristics for each automated driving function 


 Developing preliminary performance tests for park assist, low speed automated driving (traffic jam 
assist) and high speed automated driving. 


 Procuring and verifying next generation testing capabilities for automated vehicles. 
 
Providing continuous vehicle testing since 1974, TRC has developed many procedures for testing 
vehicles.  The impact laboratory offers a comprehensive vehicle safety development facility for crash, 
HYGE Sled, static testing, and instrument calibration in vehicle impact. It includes a crash barrier capable 
of testing vehicles up to 10,000 lbs. at velocities up to 60 mph, and an outdoor impact area that can 
manage impact of two moving vehicles at any angle at velocities up to 100 mph. An impact simulator 
features a 24-inch HYGE pneumatic drive that can simulate crash speeds up to 100 mph. A 9,000-ft skid 
pad and 50-acre vehicle dynamics area are complemented by a winding road course and dynamic 
handling course. A 7.5-mile oval test track contains four asphalt lanes on the front straightaway and 
curves and five asphalt lanes on the back straightaway. Parabolic banking allows neutral speeds up to 
140 mph (see photo). A wide variety of pavement types, including gravel, cobblestone, and paved rough 
roads are available for testing.  
 


 7.5 Mile Test Track. The 7.5-mile (12.1-km) oval test track 
contains four asphalt lanes on the front straightaway and curves 
and five asphalt lanes on the back straightaway. The 7.5-mile 
test track's parabolic banking allows neutral speeds up to 140 
mph (225 km/h) as depicted in Figure 4. The test track features 
level 2-mile (3.2 km) straightaways. 


Figure 2 7.5 Mile Oval Test Track 
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 Dynamic Handling Course. The 1.75 mile asphalt Dynamic Handling course consisting of a variety 
of slow, medium, and high-speed corners, slight elevation changes, and turns of varying camber. This 
facility is used for vehicle dynamics studies, performance evaluation, and automated vehicle training. 


 Profile Roads. The Profile Roads courses provide a realistic testing environment for ride evaluation 
of passenger cars and sport utility vehicles. The facility includes Tire Slap, Unsprung Mass Vibration, 
Long Curb, Water Drain, Speed Bumps, Road Joint, Undulation Road, Positive & Negative Shocks, 
Stability Road, Belgian Block Roads, Chip & Seal Roads, Concrete Choppy Road, Concrete Downhill 
Wavy, Concrete European Union Road and a High Speed Railroad Crossing. 


 Winding Road Course.  The 1.5-mile winding road course with wet and dry pavement capabilities 
provides input for vehicle handling and lane-keeping. This course also contains two depth-controlled 
hydroplane test areas as well as a 203-foot radius wet vehicle dynamics handling area. Vehicle 
Training and "Ride and Drives," as well as driver/vehicle distraction and collision avoidance studies 
can be performed on this course.  


 Paved Rough Roads & Salt Bath. The Paved Rough Roads and Salt Bath are ideal for durability 
testing of passenger cars to sport utility vehicles compromises 855 ft. of light duty and 1,215 ft. of 
medium duty concrete bumps imbedded in a 4,200-ft. asphalt roadway. The 60 by 14-ft. Salt Bath is 
adjustable from 3 to 15-in. deep.  


 Gravel Durability Course. The level 2.6-mile (4.2-km) Gravel Durability Course provides a series of 
twists, turns, and straightaways, which is ideal for durability testing as well as lane keeping 
capabilities of automated or partially automated vehicles. 


 The Paved and Gravel Hilly Road Courses contain over eight miles of roadway including a 1,000-
foot, 10% asphalt slope, various stone slopes, a 23% asphalt slope, a 1.5-mile gravel road, two level 
cross-country courses and an off-road course. The Paved & Gravel Hilly Road Course is excellent for 
durability testing and vehicle performance testing of vehicles ability to safety navigate, maintain speed 
on a combination of paved and unpaved roads with line-of-sight challenges such as hills and curves. 


 Salt Spray Road, Stone Chipping Road, Curb Impact, & Chuckholes. The Salt Spray Road, 
Stone Chipping Road, Curb Impact, and Chuckholes consists of parallel 20-foot x 990-foot lanes. One 
lane consists of both high and low spray saline solution, 3% by volume. The other lane provides a 
vehicle testing course that allows customers to distribute any specification of grit in a controlled 
manner to allow stone chipping of test vehicles and to test the ability of on-board sensors to capture 
data under conditions with debris in the road and under heavy rain conditions. 


When considered collectively, TRC provides courses, tracks, facilities, laboratories, and the technical and 
engineering services personnel needed to conduct detailed and exhaustive testing of all vehicles, 
including automated vehicles. The following summarizes the many conditions that can be replicated and 
tested at TRC: 


1. Various roadway types (highway, two-lane, rural) 


2. Wide variety of speeds (1-200 mph) 


3. Day and night testing 


4. All season testing 


5. Variable friction surfaces 


6. Ability to generate rain/low visibility 


7. Accommodate testing of most normal driving conditions by automated vehicles 


o Detect and Respond to Speed Limit Changes and Speed Advisories 
o Perform High-Speed Merge (e.g., Freeway) 
o Perform Low-Speed Merge 
o Move Out of the Travel Lane and Park (e.g., to the Shoulder for Minimal Risk) 
o Detect and Respond to Encroaching Oncoming Vehicles 
o Detect Passing and No Passing Zones and Perform Passing Maneuvers 
o Perform Car Following (Including Stop and Go) 
o Detect and Respond to Stopped Vehicles 
o Detect and Respond to Lane Changes 
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o Detect and Respond to Static Obstacles in the Path of the Vehicle 
o Detect Traffic Signals and Stop/Yield Signs 
o Respond to Traffic Signals and Stop/Yield Signs 
o Navigate Intersections and Perform Turns 
o Navigate a Parking Lot and Locate Spaces 
o Detect and Respond to Access Restrictions (One-Way, No Turn, Ramps, etc.) 
o Detect and Respond to Work Zones and People Directing Traffic in Unplanned or 


Planned Events 
o Make Appropriate Right-of-Way Decisions 
o Follow Local and State Driving Laws 
o Follow Police/First Responder Controlling Traffic (Overriding or Acting as Traffic Control 


Device) 
o Follow Construction Zone Workers Controlling Traffic Patterns (Slow/Stop Sign Holders) 
o Respond to Citizens Directing Traffic After a Crash 
o Detect and Respond to Temporary Traffic Control Devices 
o Detect and Respond to Emergency Vehicles 
o Yield for Law Enforcement, EMT, Fire, and Other Emergency Vehicles at Intersections, 


Junctions, and Other Traffic Controlled Situations 


8. Accommodate testing of automated vehicles under abnormal conditions (i.e., put the 


automated vehicle into situations where hazard avoidance/crash avoidance is required) 


o Control loss  
o Crossing path crashes 
o Lane change/merge 
o Head-on and opposite direction 
o Rear-end 
o Road departure 
o Low speed situations such as backing and parking maneuvers. 


 


CONTRIBUTIONS TO THE COMMUNITY OF PRACTICE 
 
TRC is an active member of the Ohio Smart Mobility Initiative (OSMI) Advisory Board. The Ohio Smart 
Mobility Initiative launched in July 2015 with the following goals: 
 


 Improve safety on the roadways and for vulnerable road users 


 Provide transportation options for the elderly and persons with disabilities 


 Generate solutions for transportation in the era of urbanization 


 Provide a means of transportation without generation of GHG 


 Workforce development and retention for key technologies in CV/AV arena including skilled 
trades 


 Create a development hub in Central Ohio for CV/AV technology utilizing TRC, OSU, SPARC, 
and the NW US-33 Innovation Corridor.  This would allow research to be conducted at OSU with 
government and industry partners in collaboration with contained test beds and validated on the 
public roads.   


 Create a Midwest development hub for freight and goods movement in collaboration with the 
States of Michigan and Pennsylvania. 


 
The purpose of the OSMI Advisory Board is to review business plans, advise regarding growth strategy, 
and develop funding models. TRC is an active member of the transportation community.  The Advisory 
Board membership includes The Ohio Department of Transportation, The Ohio State University, Jobs 
Ohio, Columbus 2020, The Ohio Turnpike, KPMG, Union County Economic Development Partnership, 
and SPARC Ohio. 
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TRC staff holds memberships in professional societies and serves on technical committees, including:  
 


 SAE - Active Safety Committee, Truck and Bus committees, Dummy Test Equipment Committee, 
Highway Tire Committee, Human Biomechanics & Simulation Steering Committee, Session 
Organization and Chairmanship: SAE 2008 World Congress.  


 Transportation Research Board - Transportation Research Part F; Traffic Psychology and 
Behavior, Vehicle User Characteristics Committee, TRB Simulation and Measurement of 
Operator and Driver Performance 


 Human Factors & Ergonomics Society 


 Central Ohio Injury Biomechanics Engineering Consortium  


 Flex-TEG (Technical Evaluation Group for the Flex Pedestrian Legform)  


 Association for the Advancement of Automotive Medicine 


 Sponsor of NSF IUCRC’s 
o Center for Child Injury Prevention Studies (CChIPS),  
o Smart Vehicle Concepts  


 Sponsor of the Injury Biomechanics Symposium at The Ohio State University  
 
Numerous technical papers have been authored or co-authored by TRC personnel. For example, TRC 
has more than 300 articles and published papers available through SAE, IEEE, the Transportation 
Research Board, and other periodicals that provide information and contribute to the community of 
practice – dating back to the late 1960’s with articles even providing information on the design and 
planning of the facility!  The preponderance of articles and data generated at the TRC and released to the 
transportation community through technical articles, journals, presentations, and meetings demonstrates 
TRC’s ability and willingness to contribute to the Community of Practice. We anticipate that our 
participation will continue to be in the form of participation on committees, through preparation and 
submission of technical articles, and where permitted by clients, release of testing data. 
 


WORKING WITH THE USDOT PROGRAM OFFICES 
 
TRC is no stranger to US DOT and is a long time collaborator and supporter of US DOT program offices.  
In particular, TRC regularly collaborates with NHTSA VRTC staff and supports vehicle testing by NHTSA.  
Additionally, TRC, as part of the Columbus Smart City Challenge is working with the City of Columbus 
and its stakeholders/partners in collaboration, and consultation with, FHWA JPO staff.  We participate in 
coordination meetings and participate with US DOT staff on the development of vehicle testing standards.  
These activities, as well as involvement in the US DOT Community of Practice’s meetings, and 
conducting AV technology tests and deployments for industry and government are the most effective 
ways for our program to remain engaged in the fast pace of AV technology/product advancement. 


COMMITMENT TO SAFETY 


TRC is committed to safety and has detailed measures and processes in place to ensure the safety of all 


test participants and observers. TRC operates and maintains a dedicated Environmental Health and 


Safety Office.  As part of Transportation Research Center Inc.'s (TRC) commitment to customer 


satisfaction and continual improvement, the organization renewed its registration to the ISO 9001:2008 


Standard on January 6, 2015 (Certificate No. US007260-1). The ISO 9001 Standard is an international 


model for quality management systems. Organizations are required to identify and document best 


business practices, and to implement these practices to achieve consistent quality services to meet and 


exceed customer expectations. 


TRC operates under the following EH&S guiding principles: 


1. TRC is committed to continual improvement in TRC's environmental, health, and safety program 


by setting objectives and targets and by evaluating our performance to those goals.  
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2. TRC is committed to prevention of pollution by using processes and materials that prevent, 


reduce, or minimize pollution. This includes recycling, control mechanisms, material substitution, 


and efficient use of resources.  


3. TRC is committed to compliance with all applicable environmental, health, and safety regulations, 


laws, and other internal and external requirements. 


4. TRC provides education and training to ensure understanding of the environmental, health, and 


safety policies throughout the organization. 


SAFETY MANAGEMENT PLAN 


TRC retains complete control of the facility and is solely responsible for the scheduling and review of test 
procedures for all tests conducted at the facility.  TRC’s Facility Operating Guidelines are a 
comprehensive set of allowable operational conditions for each facility and include the following 
procedures and guidelines: 
 


 Vehicle refueling 


 Incident reporting and investigation 


 Test plan submission, test plan review and facility scheduling 


 Dynamic Driving Definitions 


 Test Personnel Requirements 
o Driver Licensing 
o Physical condition 
o Training 


 Test Vehicle Requirements 
o Required safety devices 
o Communications requirements 
o Use of lights for specific test conditions 


 General Driving Instructions 


 Personal Protective Equipment 


 Motorcycle, ATV and MUV Testing 


 Ballast Securement 


 Driver instructions for each facility or test course 
 


OPERATIONS SAFETY 
 
The Vehicle Operations Group reviews all facility schedule requests for compliance with the Facility 
Operating Guidelines. Any requested exceptions must be reviewed and approved with conditions and 
constraints, or disapproved by the designated Safety Officer. These requests may require special safety 
equipment, surveillance, medial and rescue personnel standby and graduated speeds requirements. 
 
All facility schedule requests are reviewed to determine compatibility with companion traffic. Any test 
program presenting a potential risk to companion traffic must be scheduled as partial-exclusive or full 
exclusive use of the test facility. Partially automated vehicles are evaluated on a case-by-case basis and 
may require partial-exclusive or full exclusive use depending on the potential risk presented by the 
testing.  
 
Highly automated vehicles (HAVs) typically require partial-exclusive or full exclusive use of test facilities 
unless the speeds and compatibility with companion traffic are deemed to be low risk. Unmanned HAV’s 
require exclusive use of the test facility and potential exclusive-use of test facilities in close proximity. 
HAV testing typically will require special safety equipment, surveillance, medial and rescue personnel 
standby and graduated speed requirements. Vehicles must be equipped with an emergency stop button 
that is tested and verified immediately before the  beginning of testing. 
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TRC’s Facility Operating Guidelines are maintained in accordance with the requirements of ISO 
management system at TRC. TRC is registered to ISO 9001 and 14001 with regular audits by a certified 
registrar. The document is reviewed and updated periodically as required by the management system. 
  


RESEARCH, APPLICATION, AND DATA SHARING 
 


STATE AND LOCAL SOLUTIONS 
 
The City of Columbus was the winner of the USDOT Smart City Challenge in 2016. The city’s Smart 
Columbus project contains two AV projects with applications in passenger last-mile and urban freight 
movements. Additionally, the Smart Columbus project contains a specific healthcare and mobility 
challenge project. As OSU is a member of the Smart Columbus project, these current projects, and  future 
AV projects to be determined later, offer an opportunity for local and regional AV applications to be 
developed. Furthermore, the City of Columbus has committed to sustaining the Smart City Challenge 
beyond the period of performance of the USDOT grant. This commitment is key to future AV applications. 
 


The cities of Dublin and Marysville along with Union County Ohio have formed a Council of Governments 
as a result of winning The Advanced Transportation and Congestion Management Technologies 
Deployment (ATCMTD) program grant, “Northwest 33 Smart Mobility Corridor.”  This project is intended 
to advance the state of transportation technology while being affordable, practical, scalable, and 
replicable. Fiber along US-33 will support dedicated short range communications (DSRC) units with the 
low latency suitable for both safety and mobility applications as well as on-road testing of automated 
vehicles. A wide range of connected fleets will utilize this roadside infrastructure upon deployment, 
including city, county, transit, and private fleet vehicles consisting of passenger, first responder, public 
service, and other heavy vehicles. Honda R&D North America, located adjacent to the TRC supported the 
NW 33 Smart Mobility Corridor application and has stated intentions to utilize this corridor as well as the 
TRC facility for testing of automated vehicles. 


RESEARCH AND EXTENSION RESOURCES 


TRC through a long-standing relationship with The Ohio State University’s College of Engineering 
continues an established automated vehicle program. TRC is actively engaged with the following 
centers and laboratories: 
 


 The Center for Automotive Research (CAR) 
o University Transportation Center (UTC) - Crash Imminent Safety (CrIS)  
o Control and Intelligent Transportation Research (CITR) 
o Automated Driving Laboratory 


 Driving Simulation Laboratory 


 Simulation Center (SIMCenter) 
 
The Center for Automotive Research (CAR) is an interdisciplinary research center in The Ohio State 
University’s College of Engineering. CAR research focuses on: energy, safety and the environment, 
aimed at improving sustainable mobility. CAR offers state-of-the-art facilities for students, faculty, 
research staff and industry partners. With a concentration on preparing the next generation of automotive 
leaders, CAR is recognized for: interdisciplinary emphasis on systems engineering, advanced and unique 
experimental facilities, collaboration on advanced product development projects with industry and a 
balance of government and privately sponsored research. 
 


The goal of the university’s Crash Imminent Safety University Transportation Center (UTC) is to 
increase understanding of technology design and improve the ways humans interact with intelligent, 
automated and semi-automated vehicles. The UTC research team comprises over 20 faculty and 
researchers from Ohio State and partner universities, including Indiana University-Purdue University 
Indianapolis, North Carolina Agricultural and Technical State University, University of Massachusetts-
Amherst and University of Wisconsin-Madison. 
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In their development of driver-assisted advanced technology, engineers at the Center for Automotive 
Research aim to develop technology that optimizes a safe driving experience. Harnessing both 
theoretical and applied research, these engineers target the control and coordination of automated or 
semi-automated cooperative mobile systems, while exploring methods that boost automated driving 
and safety mechanisms, including cruising, steering and lane change as part of highway travel and 
intersection access, turning, merging and stop-and-go operations for urban driving. These 
developments are not just trialed in a laboratory setting. CAR takes its research outside the realm of 
controllable conditions by putting its vehicles to the test. No stranger to competition, the Control and 
Intelligent Transportation Research laboratory has participated in the U.S. Department of 
Defense’s DARPA (Defense Advanced Research Projects Agency) off-road challenges and urban 
challenges since 2004. 
 
Professors at the Center for Automotive Research collaborate closely with TRC and conduct their 
vehicle testing at TRC. Professor Dr. Levent Guvenc, Director of the Automated Driving Lab at OSU 
and Professor Dr. Bilin Aksun Guvenc are heavily involved in developing automated vehicles and 
solving the first mile/last mile mobility problem. They bring with them decades of experience in 
automated driving development and are involved with TRC in various research projects.   
 


OSU Driving Simulation Laboratory (DSL). OSU’s DSL occupies 5,800 square feet within OSU’s 
SciTech Research Park. The laboratory houses three different simulator setups. 1) A full-immersion 
simulator with a 260- degree front-projection cylindrical edge- blended screen and six high- resolution 
projectors. 2) A turntable drive-on for testing full vehicles with a single front-projection screen. All internal 
controls (steering wheel, etc.) are those of the actual customers’ vehicles. 3) A desktop simulator for 
creating and troubleshooting driving scenarios is also in use here. 
 
The Simulation Innovation and Modeling Center (SIMCenter) is an interdisciplinary research center for 
virtual simulation and modeling in the College of Engineering. SIMCenter is one of three industry-facing 
Centers in the Ohio State University College of Engineering tackling the most challenging problems in 
land transportation.  SIMCenter’s focus is on the application of computer aided-engineering tools, and 
where needed, the development of new computer-aided engineering tools. Simply put, SIMCenter's 
mission is to advance the state of computer-aided engineering in the transportation industry. 
 
PreTalen, Ltd is a U.S. SBA-defined Woman Owned Small Business (WOSB) with personnel located in 
Ohio (headquarters), Maryland, New Mexico, Indiana, and California. PreTalen has a contingent of Top 
Secret/SCI cleared and SAP-eligible personnel that support a plethora of DoD organizations to include Air 
Force Research Laboratory (AFRL), U.S. Army CERDEC, GPS Directorate (USAF), Joint Navigation 
Warfare Center, as well as various organizations within the Intelligence Community (IC). PreTalen 
employs approximately 65 people that provide engineering services in the domains of Cyber and Position, 
Navigation, and Timing (PNT) research and development. PreTalen is partnering with TRC to apply these 
PNT capabilities to enhance automotive navigation resiliency.  With this partnership, automated vehicles 
will be rigorously tested against signals which may threaten vehicle navigation.  This enables TRC and 
PreTalen to jointly characterize threats and propose mitigation strategies to industry to preserve proper 
vehicle navigation and control and safeguard vehicle passengers and property from harm. 
 
In addition to the labs and entities mentioned above TRC has created memorandum of understanding 
(MOUs) with the Society of Automotive Engineers (SAE) to advance automated vehicle technology 
standards with the hope of harmonizing with various government agency priorities. TRC has MOU’s in 
place with other companies such as SEA Inc., and PMG Canada for collaboration as well. 
 


EDUCATION PROGRAM 
 


TRC is actively engaged in educational and training opportunities.  In addition to the publication of 
methods, standards, and analysis of test data, TRC directly supports many community educational 
programs.   
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TRC is a founder and sponsor of the Injury Biomechanics Symposium at The Ohio State University. The 
purpose of the symposium is to stimulate and reward strong injury biomechanics research among 
students and recent graduates. The Symposium offers a welcoming and non-threatening environment 
where novice researchers can receive feedback and support for their original work. Participation from 
industry partners and sponsors provides networking opportunities for future careers. The symposium just 
passed its 10


th
 year and boasts participation from universities around the world. 


TRC has greatly expanded its internship program. In addition to its annual sponsorship of two $1,000 
renewable scholarships to graduating seniors in Logan and Union Counties planning to enter a two- or 
four-year program specializing in automotive engineering or other automotive-related field, TRC has 
implemented an excellent intern-recruiting program that brings students from many universities to TRC to 
work during the summer. During the 2016 summer, TRC hired 16 interns, both graduate and 
undergraduate, from Schools such as Purdue University, The Ohio State University, Ohio Northern 
University, the University of Dayton, Rose-Hulman University, and Urbana University. TRC will work with 
The Ohio State University to create a similar model for an advanced vehicle technology theme such as 
electronics reliability, cybersecurity and functional evaluation of technology and perhaps more. 
 


COMMITMENT TO OPEN DATA AND SHARING 
 
Although TRC is a non-profit entity, staff routinely conduct tests on vehicles that are the proprietary 
property of an automotive manufacturer or supplier.  At the same time, however, TRC does routinely 
share best practices, lessons learned, and information on testing procedures. As permitted under 
confidentiality agreements, TRC will make data available to the public by publishing the data in US DOT’s 
Research Data Exchange or other similar data repository. 
 


DEMONSTRATED INVESTMENTS 
 
TRC has a mature, robust proving ground that is already suitable for testing of automated vehicles under 
many different conditions as described previously. However, we are committed to continuing to enhance 
our ability to conduct progressively more complex testing. 
  
TRC has the capability as demonstrated to test automated vehicle technology today. However, the 
introduction of vehicle automation systems has caused a fundamental shift in the automotive industry 
requiring both the repurposing of yesterday’s skills and the development of new skills. TRC is taking a 
similar approach to developing facilities to support this effort. To respond to this need quickly and 
efficiently TRC has developed plans, and will soon begin modifying existing proving ground facilities to 
support the development of this new wave of technologies. This will include refurbishing and modifying 
existing paved surfaces to present the vehicle with various environments that would be seen in the real 
world. Additionally various roadside elements including signs, signals and other road side furniture will be 
made available to customize these environments to represent an even broader set of scenarios (Figure 
5). 
 


 


Figure 5 Test Facility Refurbishment 


 
Though repurposing existing facilities provides a fast and efficient path for facility development, and will 
be a great leap forward, this will not provide all environments necessary for robust automated vehicle 
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development. In order to create a truly comprehensive environment for vehicle development and 
validation TRC is developing the SMART Center. This massive expansion will create courses specifically 
tailored for the development of Automated Vehicles. The design of the new facility is shown in Figure 6. 
 


r  


Figure 6 SMART Center 


The SMART Center will be constructed in phases with Phase 1a targeted to be operational late 2017 and 
Phase 1b in 2018. Phase 1a consists of a high speed, six lane Intersection (red) with traffic signals, 
roadway lighting and variable signage; and the industry’s largest, independent wet/dry VDA (light blue) 
configurable for creation of multiple designs of intersections/lanes with a wet portion available for low Mu 
testing. Phase 1b will provide an urban center (yellow) and features include intersections, roundabouts, 
cul-de-sacs, and wooded occlusion routes along with a support building (dark blue) that will contain the  
SMART Center control room and secure work bays. Phases 2 and 3 involve the construction of an indoor 
inclement weather test facility and a multiple lane high-speed highway loop (70 mph). These phases are 
targeted for completion in subsequent years. Other complimentary labs include high and low frequency 
radio antenna test chambers that will accommodate DSRC antennae and radar beam characterizations. 
These facilities are funded and expected to be online in early 2019. 
 
TRC has created a new research group within the TRC. organization to enhance the engineering skills 
that will be used to evaluate Advanced Vehicle technology. TRC has acquired talent in cybersecurity, 
robotics, functional testing of automated vehicles and vehicle dynamics and simulation. TRC will continue 
to staff to provide high-caliber engineering services for automated vehicle technology. 


READINESS 


TRC is open for testing and has been testing automated vehicle technology since the early 1970’s.  TRC 
can support simultaneous testing by multiple users on a single test course such as the 7.5 oval or spread 
across several courses. TRC demonstrated the ability to collect and share data during the Connected 
Vehicle Research Program described above, and we anticipate hosting similar programs in the future. 
Infrastructure improvements associated with enhancing our ability to test automated vehicle technology in 
complex scenarios will be completed in phases. Phase 1a, as described above is anticipated to be 
complete in the 4th quarter of 2017. Refurbishment of an existing facility including standardized lane 
widths and pavement striping will be completed in the 2nd quarter of 2017. A dedicated point of contact 
for TRC is:  
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Brett Roubinek  
Vice President, Proving Grounds 
Transportation Research Center Inc. 
P.O. Box B-67 
10820 State Route 347 
East Liberty, OH  43319-0367 
Mobile:  614-400-8680 
Email:  RoubinekB@trcpg.com 


 
ADHERENCE TO LAWS, REGULATIONS, AND FEDERAL POLICY 
 
ADHERENCE TO LAWS AND REGULATIONS 
 
TRC complies with all laws and regulations governing the testing of vehicles, including automated 
vehicles.  All tests will be contained to the test facility, which is considered private land for the purposes of 
vehicle testing. TRC has been granted the ISO/IEC 17025:2005 Accreditation, from the Laboratory 
Accreditation Bureau. As part of the requirements for receiving this accreditation, TRC has agreed to 
follow industry testing standards as well as State Laws and Regulations. A letter of support from the Ohio 
Department of Transportation is included as Exhibit A. 


 
ADHERENCE TO NHTSA’S POLICY FOR AUTOMATED VEHICLES 
 
TRC has established contractual arrangements and agreements with various vehicle manufacturers and 
suppliers for the testing of vehicles at the facility.  This includes agreements on reporting of test incidents 
should they occur with the proper authorities as well as the disclosure of test data and other information. 
As part of these agreements, TRC requires that each customer provide a detailed test plan describing the 
use of the facility, the type and nature of the tests, risks, etc. for review by TRC staff prior to test initiation.  
In some cases, customers wish to have TRC develop these procedures in which case an independent 
safety review by an non-project specific staff is conducted.   
 
When testing automated vehicles, TRC will perform this testing in compliance with NHTSA’s Federal  
Automated Vehicles Policy: Accelerating the Next Revolution in Roadway Safety, pgs 39-42. However, all 
vehicle tests will be performed on the TRC facility and will not utilize public roadways.  TRC has already 
applied for and received the appropriate permits and jurisdictional approval to conduct vehicle testing at 
its facility.   
 
The following elements of NHTSA’s Policy are already TRC policy and will be adhered to for all tests: 
 


 Solely persons designated by the manufacturer or other entity, who have received training and 
instruction concerning the capabilities and limitations of the vehicle, will operate the vehicle used in 
testing. The training provided to the persons designated by the manufacturer or other entity must be 
summarized and submitted to TRC’s Vehicle Operations Group prior to testing.  


 The operators testing the vehicles will hold a valid State driver’s license. 


 Before being allowed to operate a test vehicle, the persons designated by the manufacturer or other 
entity as operators of the test vehicles, may be subjected to a background check including, but not 
limited to, a driver history review and a criminal history check. 


 The test operators are responsible for following all facility rules. 


 All crashes involving test vehicles must be reported in accordance with the State laws in which the 
crash occurred. 
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Department of Transportation - Solicitation of Proposals for Designation of 
Automated Vehicle Proving Grounds Pilot  


Overview 


Southern Arizona Research and Testing Proving Grounds (SmART) is a P3 partnership in Tucson, Arizona. 
The group is led by Tech Parks Arizona at the University of Arizona (UA). The initial public and private 
partners include: Pima County, City of Tucson, Pima Community College, Pima Association of 
Governments, Arizona Department of Transportation and Musselman Honda Circuit.  Additional public 
and private partners are being considered that would add to the breadth and depth of testing, 
evaluation, and sustaining capabilities. The SmART proposal is comprehensive in providing the 
requested criteria in the USDOT solicitation as well as including additional components to enhance the 
capabilities, services, workforce development and outreach of the proving grounds. Specifically, SmART 
is a collection of graduated roadway facilities, which enable effective, cost-efficient testing and 
evaluation of HAV systems, subsystems and components. 


Tucson is a leader in innovation and the collaborative transformation of “big ideas” to physical reality.  
The SmART P3 partnership is an example of the great cooperation amongst diverse organizations in the 
region. The following sections provide a brief description of the existing assets and established 
partnerships in the region. 


The UA Tech Park mission is providing testing, 
demonstration and evaluation capabilities for 
technology companies. An example is the Solar Zone, 
established in partnership with Tucson Electric Power 
(TEP). Today, Phase 1 encompasses 173 acres of 
multiple solar technologies providing energy into the 
local utility grid. This is one of the largest solar testing, 
demonstration and evaluation sites in the world. It has 
been nationally recognized as a leader by the solar and 
utility industries. In addition, ongoing research is 
conducted on-site by the University of Arizona providing 
data to inform TEP about the efficiency of each solar 
technology. This includes environmental data about 
weather conditions and cloud prediction for 
management of electricity into the grid. SmART is 
organized in a similar manner – industry needs and requirements, University research collaboration, and 
shared benefits. Tech Parks Arizona will serve as the Administrator on this project. 


Global Advantage is a business development program designed to assist fast-growing technology 
companies in developing and demonstrating their products and services to the North American market. 
Global Advantage offers companies a “soft landing” program that includes assistance with product 
development, marketing and manufacturing. The program has a strong focus on recruiting international 
companies from Canada, Germany, Israel and Mexico with a special emphasis on companies in the fields 
of intelligent transportation systems and smart vehicles. 


Figure 1 Solar Zone at the UA Tech Park 
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The Arizona Center for Innovation (AzCI) is a business incubator at the UA Tech Park. AzCI works with 
new and start-up technology companies to commercialize products and services. Through its Mentored 
Launch program, AzCI provides training and workshops for entrepreneurs and companies in developing 
and implementing their business model. The Center hosts an annual SBIR/STTR conference, which would 
provide great synergy in collaborating with companies engaged in HAV testing and evaluation. AzCI can 
assist in bringing new HAV technology and technology companies to market.  


The University of Arizona (UA) is the State of Arizona’s land grant university and a Top-25 research 
institution (NSF evaluation). As a land grant institution, the UA mission includes making new technology 
available to the general public for broader applications and benefits. This began with agriculture and has 
moved into all areas of research within the institution.  The University of Arizona has established the 
Transportation Research Institute (TRI), an interdisciplinary research entity to research and address the 
mobility, safety and environmental challenges of a rapidly evolving transportation ecosystem. Leading 
researchers in the areas of transportation systems, public health and safety, atmospheric science, and 
planning contribute to the research of the transportation ecosystem. In conjunction with the City of 
Tucson, the TRI operates the “Living Lab” that gathers real time traffic data to support a myriad of 
research, including connected vehicle technology, traffic modeling, and simulation.  In partnership with 
Arizona Department of Transportation (ADOT) and Maricopa County DOT (MCDOT), the TRI established 
and operates the Connected Vehicle Test Bed in Anthem, Arizona – one of seven recognized test beds in 


the United States. The College of 
Engineering also has recognized expertise 
in systems engineering and safety 
requirements for connected and 
automated driving systems. 


An industry group of stakeholders, Smart 
Vehicles and Intelligent Transportation (SVIT), is actively working in the region to connect programs and 
initiatives to increase capacity and stakeholder involvement and the emerging autonomous vehicle 
industry cluster in the region. SVIT forms the core partnership discussed in this proposal. It includes Tech 
Parks Arizona, The University of Arizona, Pima Community College, Pima County, City of Tucson, Pima 
Association of Governments and industry members. Another industry cluster closely associated is the 
Southern Arizona Logistics Education Organization (SALEO), which supports the trucking and logistics 
industry in the region.  SVIT is the primary organizing group for the SmART Proving Grounds proposal. 
The group will oversee the Safety and Data Committees described in the proposal. 


Musselman Honda Track is a race track located in southeast Tucson approximately five miles from the 
UA Tech Park. The track hosts several sanctioned organized racing competitions. The track includes 
meeting space, simulators, lighting, Wi-Fi, an observation tower, timing and scoring transponders, radios 
and headsets for communication and a track sound system. The track is used for testing and 
demonstration by local law enforcement, BMW USA, Sports Car Club of America and major auto 
manufacturers.  


Figure 2 University of Arizona 
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The City of Tucson, encompasses 236 square miles and has 
been a leader in the implementation of transportation and 
mobility technology. It has been recognized with numerous 
awards such as the Digital Cities award and 4th most 
employment accessible transit system in the country. The 
City is committed to continuing its leadership as an 
innovator and is actively working for designation as a 
Smart City.  In 2012, the City Council passed the Open 
Government and Open Data Resolution to make all 
government data open and accessible to the public. The City is providing three corridors for HAV testing 
as part of the SmART Proving Grounds.  


Pima County is an area of almost 9,200 square miles. The County adopted an Economic Development 
Plan - 2015 through 2017, an outgrowth from the initial plan adopted in 2012. The County has placed 
great emphasis on development of a logistics center around Tucson International Airport. This plan 
includes construction of a new 16 mile auxiliary highway, the Sonoran Corridor. The Sonoran Corridor 
will be a “smart” highway with embedded infrastructure to accommodate connected and autonomous 
vehicles. The Sonoran Corridor when completed will connect with Science Park Drive at the UA Tech 
Park – connecting two of the proposed testing locations of SmART. 


Arizona Department of Transportation (ADOT) is a multimodal transportation agency responsible for 
planning, building and operating the state of Arizona highway system, building and maintaining bridges, 
the Grand Canyon Airport and the state’s motor vehicle division. ADOT has five strategic focus areas: 
safety, workforce development, infrastructure and health, innovation and financial resource 
management. 


The Pima Association of Governments (PAG) is the region’s federally funded metropolitan planning 
organization. The organization manages several initiatives and programs in the region including long-
range transportation planning and Intelligent Transportation Systems (ITS). PAG has included long-range 
planning for connected and autonomous vehicles as part of its transportation committees and is an 
active partner with the TRI and City of Tucson research, development, and testing activities. 


Pima Community College (PCC) is a two-year college serving the greater Tucson area. The college offers 
several associate degrees as well as workforce development, career training programs, continuing 
education and adult education. The college will work nationally with other educational programs to 
develop curriculum in this industry. Pima works with the Joint Technology Education District (JTED), 
which provides Career and Technical Education (CTE) programs for high schools. This provides the 
opportunity to develop a workforce continuum and employee pipeline. PCC is part of the USDOT 
University Transportation Center led by the University of Southern California. Pima currently has 
programs in vehicle technologies, truck operations, and information systems/cybersecurity that are well 
positioned to support the development of the workforce that will be required to support automated 
driving technologies.  


Figure 3 City of Tucson 
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Racing the Sun is a statewide STEM program in Arizona. High 
school students design, build and race solar go-karts, while 
incorporating engineering, business, math, technology and 
entrepreneurship skills to successfully compete in a high-tech 
economy. Industry and University mentors lend their expertise 
in helping teams with technical questions to considering 
autonomous vehicles as part of the program. The program is 
another educational component of the SmART proposal. 


 


 


Southern Arizona is home to the Caterpillar Proving Grounds and 
Komatsu Proving Grounds. Both companies test and engineer their 
advanced mining vehicles before transitioning them into 
production. In the case of Caterpillar, the Tucson Proving Grounds 
is one of eight research centers world-wide. The Komatsu Arizona 
Proving Grounds is the primary testing facility for US operations of 
the company and has an existing partnership with the UA College 
of Engineering. 


 


Safety Officer and Commitment to Safety  


Designated Safety Officer 


Safety is the most critical component of any HAV test and evaluation program. Early results of research, 
testing and analyses have the ability to inform policies and guidelines as this industry continues its rapid 
progression. SmART’s  commitment to providing timely and accurate data, test plans, and analyses can 
provide incomparable  guidance to federal, state and local policy as well as influence standards for 
safety within the industry.  


The SmART partners have committed to the development of a Safety Committee. The Safety Committee 
will be a sub-committee under SVIT. This Committee is responsible for all aspects of the safety program 
and its components. The group will incorporate best practices from other industries, SAE International, 
and the National Institute of Standards and Technology (NIST), which have played significant roles in 
defining connected and autonomous vehicle standards and guidance. This is the baseline from which the 
committee will operate, with a commitment to incorporate a broader approach and timely response to 
safety issues as they emerge.  


The Arizona Department of Transportation (ADOT) will provide the Safety Officer for SmART. The 
department will appoint a designated person as the lead who will manage the Safety Committee. ADOT 
brings great expertise in identifying and mitigating safety risks on roadways. The individual designated 
for this position has several years of experience and certifications in transportation. Their resume is 
included at the end of the proposal as Appendix I. 


Figure 5 Caterpillar Proving Grounds 


Figure 4 2016 Racing the Sun, Race Day 
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Commitment to Safety 


SVIT, will convene a Safety Committee representing the multiple partners and stakeholders that are part 
of SmART. The Safety Committee will meet bi-monthly to review test data and discuss emerging safety 
concerns based on qualitative and quantitative analyses. This review will serve as a basis for determining 
additional criteria, standards or metrics.  If additional procedures or guidelines are required, the 
committee is expected to provide their findings within a 30 day review window. USDOT is requested to 
participate in these meetings as the overarching regulatory agency. 


Safe Design, Deployment and Operation of HAV systems 


The committee, led by ADOT, will develop and 
implement an application process that incorporates 
providing notice to relevant agencies, SmART 
partners and community stakeholders such as 
neighbors or business along the testing route. 
Notification includes date and time of testing and 
safety standards in place during the testing period. 
Experts from the University and industry will conduct 
an initial review of the technology and determine if 
safety issues are adequately addressed based on the 
description and other background material provided 


as part of the application process.  


Once approved, the technology will be assigned a testing location based on its SAE levels of automation 
or the road conditions, or environment the entity is requesting. The Safety Officer for the facility will 
work with technology principals to discuss testing and evaluation as well as expected metrics. Once the 
program is sufficiently outlined in the application and approved, testing can commence.  


Proving Ground Personnel 


SmART intends to operate a flexible program where, test personnel provide support in alignment with 
the technology and metrics outlined in the application process. Available personnel include research 
experts from the UA and other institutions so that the readiness of the technology is thoroughly vetted. 
In addition, SmART may include recognized industry experts as part of the team. 


SmART will work with the UA and Pima Community College to integrate students in the collection of 
data and provide technical assistance during testing. Observation data is crucial as well as data collected 
by sensors. Students will be supervised by a graduate student or professor. Additional personnel will be 
certified safety employees of the testing facility. 


All personnel participating in onsite testing and evaluation are required to undergo training through 
orientations, workshops and other programs to continuously inform and remind personnel of necessary 
and applicable procedures. Training programs will be developed in conjunction with the risk 
management groups for educational institutions, industry and government in order to provide as 
comprehensive of a program as possible. Training will be updated annually if not more often to ensure 
new standards are constantly adopted and implemented. 


Figure 6 inside the UA Cognitive and Autonomous Test CAT 
Vehicle 
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Documented Safety Compliance 


The designated Safety Officer for each facility is responsible for guiding users through the entire testing 
and evaluation process from submission of an application to summary of data results. Before testing 
begins in a location, the facility safety office is responsible for reviewing applications and ensuring public 
notices are issued as required by the safety standards adopted by SmART. The facility safety officer will 
ensure all personnel meet and maintain adopted safety standards and required training. Testing facility 
safety officers have responsibility to submit documentation certifying which standards were met, 
describing issues or concerns encountered and that required data are collected. These reports will be 
reviewed during the Safety Committee bi-monthly meetings as part of the ongoing compliance 
monitoring process.  


In an effort to promote transparency and community outreach, safety training, documents, data, 
recommendations and protocol will be made available to the public. Each testing facility is responsible 
for ensuring testing data is submitted as part of the collective SmART database. Some information will 
be disseminated through scholarly articles. Other components may become part of broader 
recommendations and incorporated into regulatory guidelines. Documentation will be made available 
via a website developed and maintained specifically for SmART.  


Adherence to Laws, Regulations and Federal Policies 


SmART has incorporated several components of the NHSTA Federal Policy: Accelerating the Next 
Revolution in Roadway Safety as part of its safety management plan described in this proposal. As part 
of the safety plan, SmART will adhere to all local, state and Federal laws and regulations. The Safety 
Officer, led by ADOT will provide the primary interface with regulatory agencies for assuring compliance. 
If conflict between technology, laws and regulations emerges, the Arizona Department of 
Transportation, the City of Tucson and Pima County have committed to resolve such issues jointly 
(Appendix II). SmART acknowledges that HAV technology is moving faster than policy and regulation and 
commits to resolving these issues in a timely and effective manner to ensure reliable operations of the 
SmART testing facilities and capabilities.  


 


Department of Transportation Engagement and Relationship 


Engagement with USDOT and its entities is crucial to the success of the SmART Proving Grounds and 
USDOT’s ability to keep abreast of this rapidly evolving technology and its potential impact on public 
safety.  SmART will provide several opportunities and tools to ensure consistent and continuous 
communication with USDOT. In exchange, SmART requests a designated point of contact responsible for 
communicating within USDOT. An important engagement tool is the Technology Transportation Summit, 
hosted annually by PAG. This event is a great forum at the national level to highlight USDOT SmART 
Proving Grounds.  


Meetings and Reports 


Monthly: SmART will establish a monthly call with USDOT to discuss progress and activities at the 
Proving Grounds.  
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Quarterly: Quarterly, in-person meetings will be offered. This can be the USDOT contact traveling to 
Tucson, members of the Tucson team traveling to USDOT or a video conference call. The quarterly 
meetings will have a stronger focus on data sharing and safety protocols.  


Bi-annual: Activity reports will be submitted twice a year to provide documentation of activities and 
data analysis. Activity reports will identify on-going issues where USDOT assistance or guidance is 
required as well as pertinent trends SmART sees emerging. Performance metrics tracked and included in 
the bi-annual report will include data such as: number of technologies tested, technology classification 
using SAE standards, number and diversity of companies (e.g., large, small-businesses, minority-owned, 
and technology type) utilizing the Proving Grounds, and the quantity of successful tests conducted. 


Annually: SmART will provide an annual report summarizing key points included in the bi-monthly 
report, as well as any new safety standards recommended for implementation, key trends in test results, 
and emerging technology trends. USDOT will be welcomed to supplement the annual reporting process 
with a site visit to review results in greater depth. SmART encourages the annual visit to coincide with 
the annual Technology Transportation Summit. 


Joint Research 


The University is a leader in optics with one of the top three colleges in 
the world. The College of Engineering has distinguished research 
faculty who are actively involved in HAV research and/or related 
systems and components.  


Historically, the UA has collaborated with industry, government and 
academia. This culture is endemic amongst its faculty and staff. This is 
best portrayed by BIO5, a multi-college and department collaboration 
center, CyVerse a multi-institution data mining and management 
initiative and the new Arizona Transportation Research Institute (TRI). 
A partnership between the UA College of Engineering and City of 
Tucson, dating back to 1988, has provided engineering students a 
Learning Lab for traffic management integrating live traffic and signal 
data from a significant portion of a major arterial road (Speedway 
Boulevard).  


Local government is an active participant in joint research. Both the 
City of Tucson and Pima County are willing participants in testing new 
technology that improves safety and mobility. This willingness in recent years has resulted in traffic 
systems testing, partnering with industry to improve transportation systems and other projects. As part 
of SmART, local government is agreeing to participate in joint research and share data.  


Data Sharing 


SmART will include a Data Committee, to work with partners to ensure timely and easy access to data. 
They will develop guidelines and protocols to meet these goals and encourage data format compatibility 
with USDOT and its partners. Additionally, the Data Committee will work with industry, government and 
academia to develop and integrate processes for when and how to “scrub” proprietary data and make it 


Figure 7 UA Professor Dr. Jonathan Sprinkle 
and the CAT vehicle 



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjFzY3FnYHRAhUq94MKHRTpCRwQjRwIBw&url=https://uanews.arizona.edu/story/engineering-prof-builds-brains-for-robotic-cars&psig=AFQjCNFx6-LBaoFtiIxVGegU3EjvJzUD3A&ust=1482270199085997
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(or at least portions) publicly available through CyVerse. SmART will work specifically with USDOT on 
addressing and resolving issues with proprietary data.   


Data access is easily provided through the use of a web based data portal. The portal will include safety 
plans, which will hosts in addition to the data, safety plans, safety operations, educational and outreach 
material and best practices.  If desired by USDOT, relevant test data can be provided to the Open Source 
Application Development Portal (OSADP), which has a successful history as an online collaborative 
environment and software repository for connected vehicle Dynamic Mobility Applications (DMA).  The 
OSADP has been successful in sharing basic safety message (BSM) data from the Connected Vehicle Pilot 
Deployment Program in Michigan for additional research and analysis. 


CyVerse, a University of Arizona $100 million cyber computing system funded by the National Science 
Foundation (as iPlant), provides extensive data storage, outward facing data portals for open sharing, 
and potential for machine learning. SmART is a natural collaborator with this initiative due to the vast 
quantities of test data generated, collected, analyzed and shared. Data collection can also be managed 
through the TRI as part of their student learning lab in partnership with the City of Tucson.   


 


Establish an Automated Vehicle Program 


SmART is developing an innovative approach to the Proving Ground. There are several testing locations 
distributed throughout the Tucson/Pima County region. The program is designed to provide a “step-up” 
approach similar to the technology commercialization process.  Determination of the utilized “track” is 
based on the highly automated vehicle (HAV) capabilities as provided in the SAE definition for levels of 
automation. Each “track” can accommodate different types of vehicles, including freight vehicles. 
Special emphasis will be placed on the logistics industry as Tucson is a hub for freight, particularly with 
produce and exports to and from the Mexican market. 


Each track provides the critical components outlined in the NHTSA Federal AV Policy: Accelerating the 
Next Revolution in Roadway Safety.  As the tested vehicle platform or component matures, it would 
progress through a continuum of testing tracks, each providing an increased level of difficulty to further 
access the capability of the vehicle or technology.  The locations and capabilities include: 


The UA Tech Park at Rita Road: SAE Levels 0 – 5 
The UA Tech Park is recognized nationally as one of the top ten 
university research parks in the US. The Park is 1,365 acres and 
provides three different testing scenarios for HAV.  


• Science Park Drive is a three mile paved roadway. This 
road runs from the eastern boundary of the Park to the 
western and connects two primary arterial roads in the 
region. This road is the primary access point into the 
facility and used daily by thousands of employees. 
Planning is underway to realign and widen Science Park 
Drive. As part of those improvements, Science Park Drive 
will become the first segment of the Sonoran Corridor 
and a highly capable test bed with embedded sensors 
for monitoring and tracking HAV on the roadway.  


Figure 8 UA Tech Park 
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• The Solar Zone Road is a one mile paved road. This road connects to Science Park Drive and 
experiences significantly lower levels of vehicular traffic. This road can be sequestered and is 
used by heavy equipment that is being deployed in the Solar Zone. 


• The Urban Test Facility is an enclosed testing location which can mimic an urban environment 
with traffic signs and other roadway objects. The area is a 4.2 acre site that is 380 feet by 385 
feet. The site is shielded by a fence around the entire test area. This is under lease with a 
company at this time, but arrangements can be made to use this space. 


All roads are private and the Park has the capacity to segregate portions of roadway to limit traffic 
during testing. All test areas are open and ready for operations.  
 


University of Arizona: SAE Levels 0 – 5 
Arizona Governor Doug Ducey, issued Executive Order (2015-09) in August 2015 to support testing of 
HAV on state university property. This Executive Order enabled companies such as Uber and Google to 
conduct pilot programs on university property with or without a driver present in the vehicle. The UA 
Tech Park is included in this Executive Order.  
 
Mussleman Honda Circuit: SAE Levels 2 – 4 
The track is a 1,264m x 10m asphalt track, incorporating an increased 
degree of difficulty with several turns built into the layout. The track 
contains a 200M x 40M skidpad and a 640 acre off-road park. The off-road 
park meets criteria outlined in the NHTSA Federal AV Policy: Accelerating 
the Next Revolution in Roadway Safety to provide off-road testing for HAVs. 
The facility is open and ready for testing. 
 
City of Tucson Deployment Corridors: SAE Levels 0 – 5 
Three deployment corridors are selected to act as “test beds” for HAVs. The 
corridors are unique in the traffic situations they are capable of supporting.  Investments in intelligent 
infrastructure, secure data communications, and other transportation enhancements are being made, 
and more are planned.  The City hopes to secure matching federal funding in 2017 to deploy additional 
infrastructure such as sensors and other technologies to advance implementation and safety of HAV.   
• The 4-mile Speedway Corridor averages 40,000-50,000 average daily vehicle trips (ADT).  It borders 


the University of Arizona campus and is a primary arterial for commuters traveling into and out of 
downtown.  


• The Maclovio Barraza Parkway is a 4-mile controlled access expressway between downtown Tucson 
and Davis Monthan Air Force Base to the southeast.  It provides longer distances between traffic 
signals and higher speeds, and less traffic with 11,000-23,000 ADT.   


• The UA Tech Park Corridor, a 12 mile corridor located just off of Interstate-10, has access to a mix of 
smaller suburban and rural streets outside of the UA Tech Park, averaging 10,000-13,000 daily 
vehicle trips, that are particularly congested during morning and evening commutes.  (This area is 
also part of a recently awarded US DOT Mobility on Demand Sandbox project.) 


 
Pima County Sonoran Corridor: SAE Levels 0 – 5 
The Sonoran Corridor is the County’s planned connection between I-19 and I-10.  This corridor is a 
significant component of Pima County’s broader economic development plan to increase and support 
logistics in the region. The Arizona Department of Transportation (ADOT) has designated the Corridor as 
a state route and Congress designated it as a high priority, international freight corridor. Preparations 


Figure 9 Musselman Honda Circuit 
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are underway with the environmental studies in progress. The Corridor when completed will connect 
with Science Park Drive at the UA Tech Park (outlined above). The Sonoran Corridor is expected on 
completion to be the first smart freight corridor in the US.  
 
The Tucson region is a world leader in autonomous systems. SmART will use these systems in addition to 
the facilities described above to assist and report testing conditions and results. This rapidly growing 
industry is incorporating sensors that can be flown overhead as opposed to being on the ground or 
embedded in the roadway. Use of these systems will enable additional testing conditions for HAVs.  


 


Administration of the SmART Grounds 


SmART is a partnership of municipalities, industry and academia. It is led by Tech Parks Arizona and 
assisted by TRI, City of Tucson, Pima County, PAG, ADOT and Musselman Honda as part of SVIT. The 
partnership is developing guidelines for implementation of an automated vehicle program. This includes 
regulatory requirements for insurance, policies for vehicle operation with and without a driver, driver 
requirements and an application process. The group will develop guidance to be used by USDOT in 
implementing federal policy for the testing and demonstration of HAVs. The implementation of 
recognized standards will assist in moving the industry away from self-certification and ensure 
jurisdictional compatibility. 


SVIT and the Safety Committee will oversee development and adoption of initial procedures and policies 
by January 1, 2017. Administration of this program will be evolving to keep pace with technology. Safety 
is the highest priority in reviewing or implementing changes in administration of SmART. SVIT meets 
monthly and will include on at least on a quarterly basis, if not more often, an administrative review of 
the program.  


 


Leadership and Outreach 


The vision for SmART is to be a leading Center of 
Excellence in autonomous vehicles. SmART is committed to 
open and ongoing engagement with all stakeholders. The 
team recognizes that the technology, policies and safety 
considerations will advance only if there is on-going and 
continuous dialogue and data sharing. CyVerse (noted 
below) provides a data option, particularly with the 
analytical and machine learning components of the 
program. In addition, SmART will develop and implement a 
website that provides easy and open access to safety 
policies, safety plans and engagement with stakeholders 
and the general public. Other content to be considered 


includes presentations, reports or scholarly articles that lead to broader dissemination. PAG, one of the 
SmART partners, organized an annual summit, the Technology and Transportation Summit, launched in 
October of 2016. The summit included representatives from industry, academia and government (city, 


Figure 10 2016 Technology and Transportation 
Summit 
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county, state, and federal participation). Panel sessions focused on emerging technology in the HAV 
industry, public policy, management of data and research. Plans are underway for the Summit in 2017 
with a focus on logistics and transportation. The Summit is expected to expand to two days next year. 
The second day will be designated as “Demo Day” where a variety of autonomous vehicle manufacturers 
will demonstrate emerging technology. An expo is planned as part of the day with the goal of creating 
cross-collaboration in the region. It also serves as a great platform for engaging new stakeholders and 
partners who are not actively involved in this industry sector. As with the 2016 Summit exposition and 
exhibit hall, PAG will continue to encourage student participation through poster sessions, display 
tables, and the opportunity to present research findings with public agencies and industry. 


In addition to the Summit, the partnership will implement the following: 


Stakeholder Engagement:  


o Local: SVIT will serve as the primary stakeholder engagement tool. The group is taking a 
strategic approach to its activities and is actively working to create collaborations 
throughout the region in this industry segment. The group determined short-term goals for 
its first year and will start to identify and work on long-term goals for the region. In addition, 
the group will implement a program of outreach to continue actively engaging industry and 
community in the SmART Proving Grounds. 


o Regional: SmART will implement an aggressive campaign across the state to inform and 
engage a broader stakeholder group. This includes educating and working with state 
government and industry. SmART will seek partnerships with other universities with similar 
research, testing and demonstration capabilities. The TRI Director is a member of the state 
Self-Driving Vehicle Oversight Committee and in that capacity works directly with senior 
state officials on this topic. 


o National: SmART will actively participate in national conferences. Participation includes 
attendance as well as presenting workshops and serving on panels. SmART will seek national 
partnerships with programs such as CU-ICAR at Clemson University. 


Education: 


o Joint Technology Education District (JTED) is the Career and Technology Education district in 
Southern Arizona. JTED trains students in automotive technology and engineering. 
Partnership with them provides the first step in building both educational programs and the 
workforce required to serve the HAV industry.  


o Pima Community College (PCC) is a partner in the formation of SmART. This past year PCC 
initiated a new OEM auto technician program with MOPAR. In addition, the College offers 
training and certifications in areas such as aviation and its first responders program. 
Students can serve in roles assisting in 
development of safety protocols, data 
collection and analysis in working with HAVs. 
Pima Community College additionally serves as 
the minority institution for the Regional 9 
University Transportation Center led by the 
University of Southern California. Figure 11 UA CAT Vehicle 2015 Researchers 
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o The University of Arizona College of Engineering graduates over 500 undergraduate and 200 
graduate students annually. The College of Optics through Engineering offers an 
undergraduate program. Annually it graduates over 65 masters and Ph.D students. The 
University is home to one of the leading optical sciences colleges and with an 
interdisciplinary culture can involve other colleges such as the James E. Rodgers College of 
Law and the College of Social and Behavioral Sciences and the College of Science as 
examples. 


This educational continuum enforces and expands the workforce pipeline. This will contribute to state 
and nation wide education as partners across the state engage to implement programs. SmART will 
utilize data to build the learning experience and drive learning standards across the state and nation in 
this industry. 


Leadership  


The team brings significant leadership experience from a variety of programs and achievements. Many 
have been noted so far. USDOT should expect that SmART will promote its capabilities and 
achievements as a leader in HAV and testing and evaluation metrics.  


Southern Arizona Research and Testing (SmART) Proving Grounds Proposed Relationship with US DOT 
and the Community of Practice 


Southern Arizona Research and Testing (SmART) Proving Grounds Proposed Relationship with US DOT 
and the Community of Practice 


 
 


Figure 12 Southern Arizona Research and Testing (SmART) Proving Grounds Proposed Relationship with US DOT and the 
Community of Practice 
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Demonstrated Investments 


SmART investments represent both public and private investment. To date the SmART Proving Grounds 
partners have invested $62 million in capital investment. The group expects to invest another $672.6 
million in additional infrastructure.  


SmART is planning to leverage P3 financing as it moves forward. Members of the SmART team are very 
knowledgeable about these partnerships and transactions. The group is actively working with 
organizations that are interested in this type of financing, particularly with the road improvements for 
Science Park Drive at the UA Tech Park and the Sonoran Corridor. These projects are expected to bring 
increased interest with designation of SmART as a USDOT Proving Ground.  


 


Designated Contacts 


City of Tucson: Jennifer Toothaker, Project Manager, City of Tucson Department of Transportation; 
Jennifer.toothaker@tucsonaz.gov; 520.837.6648 


Musselman Honda Circuit: Charles Quiroz, Owner; charlie@mhcircuit.com; 520.245.5278 


Pima Association of Governments: David Atler, Innovation Director; datler@pagregion.com; 
520.495.1443 


Pima Community College: Dr. Ian Rourk, Vice President for Workforce Development; irourk@pima.edu; 
520.206.6424 


Pima County: Dr. John Moffatt, Economic Development Director; john.moffatt@pima.gov; 520.724.4444 


UA Tech Park: Bruce A. Wright, Associate Vice President, University of Arizona; 
wrightb@email.arizona.edu; 520.621.4088 


University of Arizona Transportation Research Institute: Dr. Larry Head, Director, Transportation 
Research Institute; klhead@email.arizona.edu; 520.621.2264 


Smart Vehicles and Intelligent Transportation: Molly Gilbert, Director of University and Community 
Engagement, Tech Parks Arizona; mgilbert@uatechpark.org; 520.382.2486 
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Appendix I – Safety Officer Resume and Qualifications 


 


Herman R. Bernal 


Arizona Department of Transportation (ADOT) 


State Safety & Security Oversight (SSO) Program Manager 


206 S. 17th Avenue Mail Drop 310B 


Phoenix, Arizona 85007 


Cell: (602) 881-9747  


HBernal@azdot.gov 


 


Summary of Qualifications and Certifications: 


• Federal Transit Administration Transit Safety Security Program (TSSP-Certification Rail and Bus) 
• World Safety Organization Certification (WSO-Rail and Bus)  
• Certified Safety/ Security Specialist (CSS-Rail and Bus) 
• Certified Safety/ Security Director (CSSD-Rail and Bus) 
• Certified Safety and Security Manager (CSSM) 
• U.S. Department of Transportation and Transportation Safety Institute, Safety and Security Certification 
• U.S. Department of Labor Occupational Safety and Health (OSHA) Certification 
• Incident Investigation Certification (IIC), Federal Emergency Management Agency (FEMA) U.S. 


Department of Homeland Security 
• Incident Command System Certification (ICSC), Federal Emergency Management Agency (FEMA) U.S. 


Department of Homeland Security 
• National Incident Management Systems Certification (NIMS), Federal Emergency Management Agency 


(FEMA) U.S. Department of Homeland Security  
• Continuity of Operations Certification (COOP), Federal Emergency Management Agency (FEMA) U.S. 


Department of Homeland Security 
• U.S. Environmental Protection Agency & Maricopa County Air Quality Department Certification 
• AMTRAK, TSA & Railroad Safety Training Certification  


 


Federal Transit Administration 


• Appointed by the U.S. Secretary of Transportation Anthony Fox to the Federal Transit Advisory Committee 
for Safety (TRACS) Representative  


• FTA Highway/Rail Grade Crossing Committee  
• Transportation Security Administration & National Transportation Safety Board Strategy Project Sub-


Working Group (Transportation Cyber Security Awareness and Outreach)  
 


Federal Railroad Administration  


• ROW Fatality & Trespass Prevention Committee Member 
•  


 



mailto:HBernal@azdot.gov
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Transportation Research Board (TRB) Committee Representative: 


• Task Force on Transit Safety and Security 
• Standing Committee on Light Rail Transit 
• Transportation Safety Management 


 


ADOT SSO Management: 


• Arizona State Safety & Security Oversight Program Manager (SSO) for all rail fixed guideway systems in 
Arizona 


• Drug and Alcohol Program Manager for Arizona Department of Transportation (ADOT) 5311 Programs  
• Arizona Department of Transportation (ADOT) Multimodal Planning Division (MPD), Training Program 


Manager  
 


Arizona Committee Representative 


• President of Arizona Operation Lifesaver 
• Arizona APTA Safety Culture Task Force Representative  
• Arizona Transit Association (AzTA) Safety Partnering Representative 
• Arizona Transit Association (AzTA) Legislative Committee Member 
• Arizona Transit Association (AzTA) Board of Directors Committee Member 


 


ADOT Committee Representative: 


• ADOT Policies, Procedures, JSAs Standing Committee Representative 
• ADOT Safety Rule Change Review Committee Representative 
• ADOT Statewide Incident Review Board Representative 
• ADOT Safety Council Representative for the MPD 
• ADOT Facilities Safety Standing Committee Representative 
• ADOT Vehicle/Equipment Safety Standing Committee Representative 


 


Safety and Security Work History Overview: 


• 26 years in Occupational Safety & Health overseeing Compliance, Risk Management, Security, Fleet Safety 
and Employee Supervision and Management   


• 12 years Safety overseeing companies in excess of 320 employees, 100 fleet drivers, multiple locations of 
operations /shifts  


• 2 years in the Personal Protection Equipment Industry as a Safety Consultant overseeing Product 
Development  


• United States Navy (Corpsman) 
 


Arizona Department of Transportation (ADOT) 


State Safety & Security Oversight (SSO) Program Manager 


Drug and Alcohol Program Manager over FTA 5311 Programs 


November 2010 – Current 
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Job Duties: 


• Administer safety and security oversight for all rail fixed guideway systems in Arizona. 
• Serves as a liaison to the Executive Team by participating on several internal and external work groups 


and teams. 
• Communicates with staff at all levels to convey the vision of ADOT. 
• Monitors legislative and other developments that affect the program and ensures compliance with 


federal, state, and local laws, regulations, codes, and/or standards. 
• Provides internal and external leadership to meet growth objectives and to ensure strength and operating 


efficiencies, including strategic planning direction. 
• Conduct safety and security reviews of each rail fixed guideway systems. 
• Review findings and recommendations and recommend corrective actions, to be taken by the transit 


agencies to address deficiencies. 
• Yearly review, refine and update the Arizona Department of Transportation System Safety and Security 


Program Standard. 
• Yearly review of each Raul Transit Agency (RTA), System Safety Program Plan, System Security Program 


Plan, Internal Safety and Security Audit Program, Hazard Management Process, Accident Notification 
Investigation and reporting, Incident Investigation Plan, Emergency Management Plan, and supporting 
documents and procedures; that complies with the Oversight Agency’s Program Standard at each rail 
transit system. 


• Review and approve internal audit schedule, notification, audit checklist, procedures, letter of 
certification and annual report of each rail fixed guideway systems. 


• Attend all RTA, Hazard Management meetings, review and approve all hazard management meeting 
agendas, minutes, notifications, investigations, corrective actions, reports and plans. 


• Perform ADOT Quarterly Hazard Management Meeting, as required by Federal Transit Administration 
(FTA) for all RTA’s. 


• Attend all Security Management meetings review and approve all security management meeting agendas, 
minutes, notifications, investigations, corrective actions, reports and plans. 


• Review and approve all Accident, Incidents and Unacceptable hazardous conditions, notifications, fact 
reports, investigations, corrective actions plan, reports and final reports. 


• Perform Three-Year On Site Safety and Security Review of each rail fixed guideway systems, complete a 
draft report and review corrective action plans developed from the review. 


• Perform monthly review of Corrective Action logs. 
• Perform monthly review of Hazard logs. 
• Conduct onsite visits at each rail transit system to perform formal Safety and Security Review. 
• Conduct safety audits according to the Internal Safety Audit Process detailed in the Arizona Department 


of Transportation System Safety and Security Program Standard. 
• Review of each transit agency’s operating and maintenance rules and procedures to determine if they are 


updated regularly and if training on these procedures is appropriate. 
• Review of documentation and record keeping systems to ensure that safety and security plan 


implementation is being properly tracked and monitored. 
• Meet with personnel, including management, to access the organizational commitment and ability to 


support safety functions. 
• Perform monthly on-site observations of the system and facilities to evaluate the implementation of 


plans, procedures, and rules. 
• Perform monthly Inspections of infrastructure and facilities, to ensure that maintenance best practices 


are being followed. 
• Complete FTA Quarterly & Annual Reporting for State Safety Oversight SSO program information. 
• Responsible for a diverse and complex program, often having a scientific or engineering orientation. 
• Plans, organize, direct, coordinate and evaluate activities and projects in a multi-discipline planning 


organization. 
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Knowledge, Skills, and Abilities: 


• Management of Transit Construction Projects 
• Investigating Human Fatigue Factors 
• Cognitive Interviewing  
• Security and Emergency Response  
• Transit Rail System Safety 
• Transit System Safety 
• Fundamentals of Bus Collision investigation 
• Transit System Security  
• Transit Bus System Safety 
• Effectively Managing Transit Emergencies 
• Rail Incident Investigation 
• Federal Transit Administration Drug & Alcohol Program Management 
• Knowledge and understanding of FTA & FRA rules, regulations and applicable standards (49 CFR Part 659), 


(MAP-21) and (Fixing America’s Surface Transportation (FAST) Act). 
• Knowledge and understanding of DOT, OSHA, EPA & DEQ rules, regulations and applicable standards. 
• Select, supervises and evaluates the work of a multi-disciplined staff including planners, environmental 


specialists, engineers, and research analysts. 
• Knowledge of planning administration practices and procedures.  
• Knowledge of government organization, public finance and economics 
• Practical application in the fields of safety compliance loss prevention and auditing. 
• Coordinates multi-jurisdictional planning efforts. 
• Prepare a variety of administrative reports. 
• Attend training seminars and educational conferences. 
• Understand Safety Terminology Pertaining to the Medical, Insurance and Legal fields. 
• Above average written and oral communication skills. 
• Competent with Microsoft Word, Excel, Windows, Power Point, Outlook, PC’s and Mac. 
• Strong negation skills.   
• Proven success in profitable business management. 
• Excellent organizational, leadership and time management skills. 
• Strong problem solving and data analysis skills. 
• Ability to compose and present reports to all levels of management. 
• Ability to effectively lead and influence others in order to achieve results. 
• The ability to self-start and work well in ambiguous situations as a team player. 


 


Safety Security Training: 


Rutgers University, National Transit Institute (NTI) 


• Understanding ADA 
• Assault Awareness and Prevention for Transit Operators 
• Building Diversity Skills in the Transit Workplace 
• Fundamentals of Transit Supervision 
• Project Management for Transit Professionals 
• Toolbox for Transit Operator Fatigue: Putting the Report into Action 
• Building Diversity Skills in the Transit Workplace 
• Harassment Prevention for Transit Supervisors 
• Terrorist Activity Recognition and Reaction 
• Management of Transit Construction Projects 
• Pick Pocket and Identify Theft 



https://www.gpo.gov/fdsys/pkg/BILLS-114hr22enr/pdf/BILLS-114hr22enr.pdf
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• Crisis Communication for Transit Employees  
• All-Hazards Awareness and Preparedness for Transit Employees 
• Infectious Disease Awareness and Prevention 
• Violence in the Transit Workplace Prevention, Response and Recovery  
• Rail Operations Control Center Response to Weapons of Mass Destruction Incidents 


 


Transportation Safety Institute (TSI)  


• SMS Principles For Transit (Rail, Bus and Transit) - FT00564, Tier 1 
• Rail Incident Investigation - FT00430, Tier I 
• Transit System Security - FT00432, Tier I 
• Transit Rail System Safety - FT00543, Tier I 
• Effectively Managing Transit Emergencies - FT00456, Tier I 
• Transit Rail Incident Investigation – FT00544 Tier II                                                        
• Transit Industrial Safety Management - FT00457, Tier II 
• Advanced Rail Incident Investigation - FT00461, TSI - Tier III 
• Technical Assistance for State Safety Oversight Personnel - FT00560  - Tier III 
• Transit Rail System Safety & Security Audit Course - FT00547 - Tier III  
• Transit Bus System Safety - FT00533 
• Fundamentals of Bus Collision Investigation - FT00435 
• Curbing Transit Employee Distracted Driving - FT00555 
• Fatigue and Sleep Apnea Awareness for Transit Employees - FT00558 
• Transit Response to Bus Hijackings - FT00463 
• Transit Response to Rail Hijackings - FT00532 


 


National Transportation Safety Board (NTSB) 


• Cognitive Interviewing for Incident Investigators - IM401  
• Advanced Cognitive Interviewing for Incident Investigators - IM401B  
• Investigating Human Fatigue Factors - IM303  
• Incident Investigation Orientation for Rail Professionals - RPH301  


 


American Society of Safety Engineers (ASSE) 


• Safety Management I - 64802  
• Safety Management II - 65167  
• Corporate Safety Management - 65532  


 


Federal Emergency Management Agency (FEMA) U.S. Department of Homeland Security 


• Incident Command System - ICS-100 
• Continuity of Operations (COOP) - IS-546 
• National Incident Management System (NIMS) - IS-700  


 


Occupational Safety and Health Administration (OSHA) 


• 30-hour OSHA Compliance Certification 
• 10-hour OSHA Compliance Certification 
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National Center for Biomedical Research & Training  


• Transit Terrorist Tool and Tactics 
              


US Department of Transportation (USDOT) 


• Fleet Safety & Understanding the DOT Certification 
                  


Federal Transit Administration (FTA) 


• Federal Transit Administration Drug & Alcohol Program Management Certification 
• FTA Supervisory Drug and Alcohol Reasonable Suspicion Awareness Certification 
• FTA Substance Abuse Training 


                  


Community Transportation Association (CTA) 


• Safety and Security Management  
 


Arizona Division of Occupational Safety and Health (ADOSH) 


• Arizona Workers Compensation Insurance Claims Management Practices/Advanced Issues Certification 
• Concrete and Masonry in Construction Certification 
• Construction Hazards Certification 
• Occupational Health and Environmental Controls Certification 
• General Safety & Health Provisions Certification 
• Personal Protective Equipment Certification 
• Hazard Communication Certification 
• Confined Spaces in Construction Certification 
• Excavation Safety Certification 
• Fall Protection Certification 
• Scaffolds Certification 
• Stairways & Ladders Certification 
• Walking and Working Surfaces Certification 
• Fire Protection and Prevention Certification 
• Materials Handling, Storage, Use, and Disposal Certification 
• Lockout tag out Control of Hazardous Energy Certification 
• Environmental Health Certification 
• Heat Stress Prevention Certification 
• Ergonomics Certification 
• Machinery and Machine Guarding Certification 
• Hand and Power Tool Safety Certification 
• Forklift & Powered Industrial Trucks Train-the-Trainer Certification 
• Demolition Certification 
• Welding & Cutting Certification 
• Workplace Violence Certification  







JONATHAN ROTHSCHILD 
MAYOR 


December 19, 2016 


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


CITY OF TUCSON 
OFFICE OF THE MAYOR 


SUBJECT: Support for Federal Designation of the SmART Proving Grounds 


Dear Secretary Foxx: 


255 WEST ALAMEDA 
P.O. BOX 27210 


TUCSON, ARIZONA 85726-7210 
PHONE: (520) 791-4201 


FAX: (520) 791-5348 


The City of Tucson strongly supports the Tech Parks Arizona SmART Proving Grounds proposal. Such a 
designation fits into the vision enacted by Arizona Governor Douglas Ducey in 2015 in Executive Order 
2015-09, which allows testing of self-driving vehicles in Arizona. Arizona embraces research and testing 
of self-driving vehicles because it will accelerate innovations in transportation, communications, and 
security technologies in Arizona and for the entire nation. Arizona enjoys an average of 310 sunny days 
each year, perfect conditions for testing sensor-rich highly autonomous vehicles (HAVs). Arizona also 
boasts a supportive economic climate, providing economic incentives at the state and local levels to 
assist companies through the various stages of technology development. Tech Parks Arizona has more 
than 20 years' experience supporting regional and national companies in technical innovation and 
advances, especially in the areas of advance testing and demonstration. 


Deploying HAVs using a variety of testing conditions- including test tracks and urban and rural roads
will provide critical data and refinements. These data will ultimately be useful in local, regional, state, 
and national efforts to improve safety for pedestrians and passengers, greatly reduce or eliminate traffic 
incidents and congestion, reduce land use reserved for parking facilities, enhance options and access for 
the movement of people and goods throughout the state, and increase economic productivity. 


In the spirit of this commitment to supporting HAV deployment, the City of Tucson pledges to: 
• Lead the development of a replicable application and review process for testing of HAV on City 


of Tucson operated roadways; 
• Lead and assist partners with the development of standard policies and procedures that may 


advance safe testing, deployment, and operation of highly autonomous vehicles (HAVs); 


• Participate in a region-wide Safety Task Force with a designated representative; 
• Work with our public agency partners to standardize and maintain road infrastructure that will 


support safe operations of HAVs and ensure the safety of human drivers; and, 
• Capture, store, and share data and research findings with the Proving Ground partners and 


the U.S. Department of Transportation. 







The SmART Proving Grounds would be a notable addition to Arizona's innovation achievements, 


particularly because of its connection to t he University of Arizona (UA) located in Tucson, Arizona. 


UA is a major research institution with internationally-renowned faculty experts and fielded 


solutions. National and local cyber infrastructure architecture can tap into technologies developed 


at UA, such as: Connected Vehicle (UA Transportation Research Institute) and Autonomous Vehicle 


(Uber/Optics) technologies; urban data analytics (INSITE Center; College of Engineering/Metropia); 


open-data storage and management systems architecture and standards (iPiant, now known as 


CyVerse); and, technology transfer (Tech Launch Arizona). 


Tech Parks Arizona at the University of Arizona works closely with UA researchers. It supports 
development across a broad range of technology sectors. It also provides an exceptional environment 
for the testing, independent eva luation and demonstration of new technologies. Its management and 
operation oft he Arizona Center for Innovation, a business incubator, closely aligns techno logy 
development with technology commercialization. 


The City of Tucson, Pima Association of Governments, and the University of Arizona have been 
collaborating since 1988 on a "Living Lab" corridor for research, analysis, and implementation of va rious 
t ransportation technologies and solutions to enhance efficiency and mobility throughout the region. We 
are practiced and able to share anonymized, secure data as part of this designation and research. 


Lastly, the regional partnership received a U.S. DOT Mobility on Demand (MOD) Sandbox Program 
award to pilot technologies in an arterial area that will be utilized in the proposed SmART Proving 
Grounds. Receiving designation as an Autonomous Vehicle Proving Ground could help leverage the 
Federal investment in the MOD pilot by attracting additional funding, partnerships, and technology 
deployments. We believe this partnership signifies not only our commit ment but also our effectiveness 
in researching and investigating new innovative approaches, to collaborating, and to sharing data. 


We va lue the work your administration has initiated and accomplished and hope you will designate the 
Tech Parks Arizona SmART Proving Grounds to continue this legacy in our region. 


Mayor 







C.H HUCKELBERRY 
County Administrator 


December 19, 2016 


COUNTY ADMINISTRATOR'S OFFICE 
PIMA COUNTY GOVERNMENTAL CENTER 


130 W. CONGRESS, FLOOR 10, TUCSON, AZ 85701-1317 
(520) 724-8661 FAX (520) 724-8171 


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


Re: Proposal for the SmART Proving Grounds in Tucson, Arizona 


Dear Secretary Foxx: 


Pima County strongly endorses the attached proposal for the SmART Proving Grounds in 
Tucson, Arizona. The County has actively sought new transportation solutions to provide 
efficiency and mobility throughout the region. The County, in partnership with the City of 
Tucson, last year began developing a strategic plan to seek designation as a Smart City. The 
plan includes developing collaborative partnerships and identifying technology solutions to 
be implemented by local jurisdictions. This is a collaborative process with several 
stakeholders from academia, government and industry. The County is committed to 
implementing technology solutions and addressing jurisdictional policy to improve 
transportation. 


Pima County's 2015-2017 Economic Development Plan included two components focused 
on transportation, and these components continue to be major points of emphasis in our 
recent Economic Development Plan update through 2018. The first is improving 
infrastructure, and the second is developing Tucson as a logistics center. Improved 
infrastructure includes embedding the technology today that will enable the highly 
autonomous vehicles (HAV} of tomorrow. One of the most significant infrastructure projects 
in development is the Sonoran Corridor, which was designated by Congress in the recent 
F.A.S.T Act as a high-priority international freight corridor. This plan includes construction 
of a new Parkway/ Auxiliary Interstate Program and includes a number of jurisdictions, 
including the San Xavier District of the Tohono O'odham Nation. This new roadway is being 
designed as a "smart highway" with infrastructure that will support placement of sensors, 
Wi-Fi and other components necessary for HAV operation. 
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The SmART Proving Grounds is placing an emphasis on freight, which aligns with another 
component of the Pima County Economic Development Plan. Increased automation within 
the logistics industry will have a significant impact on the multimodal approach for the region. 
New automation will assist with border crossings for legitimate trade, improved time to 
market and, most importantly, improved safety for all vehicles on the road. 


In support of the Proving Grounds, Pima County pledges to do the following: 


• Review policies and procedures that may inhibit safe testing, deployment and 
operation of highly autonomous vehicles (HAV) and update these policies as 
appropriate. 


• Commit to participate with a designated County representative in a region-wide 
Safety Taskforce. 


• Commit to work with the City of Tucson and the Pima Association of Governments 
(the local MPO) to standardize and maintain road infrastructure that will support safe 
operations of HAV and ensure safety of human drivers. 


• Develop an application and review process for testing of HAV on Pima County
managed roadways. 


• Commit to sharing data with the Proving Grounds and US Department of 
Transportation. 


We hope you will find the proposal meets the requirements of the US Department of 
Transportation and designate the proposed site and our region as a participant in the SmART 
Proving Grounds program. 


Sincerely, 


C.H. Huckelberry 
County Administrator 


CHH/dr 


Attachment 


c: Carmine DeBonis, Interim Deputy County Administrator for Public Works 
John Moffatt, Director, Economic Development 
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 Douglas A. Ducey, Governor 
John S. Halikowski, Director 


December 19, 2016 
 
 
Secretary Anthony R. Foxx 
1200 New Jersey Avenue SE 
Washington, DC 20590 
 
Dear Secretary Foxx: 
 
The Arizona Department of Transportation (ADOT) supports the SmART application submitted by Tech 
Parks Arizona and its partners to secure designation as an Autonomous Vehicle Proving Ground Pilot 
project.      
 
Arizona is a leader in the development and deployment of Highly Autonomous Vehicles (HAV).  Last 
year, Governor Ducey issued Executive Order 2015-09 directing state agencies to take the necessary 
steps to support the testing and operation of HAV on public roads in Arizona. His order enabled 
companies to test driverless vehicles on state university property.  It also established the Self-Driving 
Vehicle Oversight Committee. The committee is charged with advancing the testing and operation of 
self-driving vehicles on public roads. 
 
Our strategic location within NAFTA provides an excellent opportunity for the USDOT to test and 
evaluate HAV technology, particularly as it relates to the movement of freight. The State of Arizona is 
home to several key interstate commerce and freight corridors. It is part of the CANAMEX corridor that 
extends through Arizona from Alberta, Canada to Guadalajara, Mexico.   
 
Several industry leaders including Google and Uber are currently testing their HAV technologies in our 
state. We have worked closely with these companies to ensure that they have had access to public 
roads and have been able to test their vehicles in a safe environment.  
 
The Arizona Department of Transportation (ADOT) is a partner in the Arizona Connected Vehicle Test 
Bed where connected vehicles and the Multi Modal Intelligent Traffic Signal System have been 
successfully demonstrated and evaluated by the USDOT. 
 
As a partner organization in SmART, ADOT will work cooperatively and collaboratively with Pima County, 
City of Tucson and University of Arizona to: 
 


• Review policies and procedures that may inhibit the safe testing, deployment and operation of 
highly autonomous vehicles (HAV), and update these policies and procedures as appropriate; 


• Commit to participate in a region-wide Safety Task Force with a designated representative from 
ADOT 


• Work with the City of Tucson and Pima County to standardize and maintain road infrastructure 
that will support safe operations of HAV and ensure safety of human drivers  


• Develop an application and review process for testing of HAV on University, City  of Tucson and 
Pima County owned roadways 


• Share data with SmART and the US Department of Transportation. 
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Specifically, as a SmART partner, the Arizona Department of Transportation (ADOT) will assign a 
designated Safety Officer to serve as a member of the Safety Task Force. This officer will have extensive 
experience, training and certification relevant to operation of the proving grounds and the testing 
activities.  
 
The Arizona Department of Transportation  endorses the SmART Proving Grounds proposal. It provides 
USDoT the opportunity to leverage the existing and emerging expertise, capabilities and infrastructure in 
our state to advance and accelerate the development of autonomous and connected vehicles.  
 
Sincerely, 
 


 
 
John S. Halikowski 
Director 
Arizona Department of Transportation 
 
Cc: Governor Doug Ducey 
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Wisconsin AV Proving Grounds 
 
Proposal for DOT-OST-2016-0233, US Department of Transportation   December 2016 
Designation of Automated Vehicle Proving Grounds Pilot 
 
Submitted by the University of Wisconsin-Madison and MGA Research Corporation, in collaboration with the 
City of Madison and the Wisconsin Department of Transportation 
 


1. INTRODUCTION 
 
Avid attention on autonomous or automated 
vehicle (AV) technology is widespread and 
burgeoning, and the collaborative groundwork 
being laid in Wisconsin is a prime example. 
Wisconsin seeks to lead the nation in developing 
an understanding of this transformative 
technology and how it can be harnessed for 
the greater good of society. Researchers with 
the College of Engineering at the University of 
Wisconsin-Madison (UW-Madison) have been 
contributing to the literature on the benefits 
and technical aspects of AV, as well as 
working on policy issues with state entities. 
AVs are rapidly pushing technical, safety, 
acceptability, legal, regulatory, and liability 
boundaries.  
 
AVs have significant potential to improve safety 
and quality of life. More specifically, AV transit can 
provide ladders of opportunity to all, including 
previously underserved communities. 
Furthermore, AVs can bring significant new 
research and development opportunities to UW-
Madison and new businesses to the state of 
Wisconsin, including startups and tech 
companies. 
 
AV systems will evolve through the Society of 
Automotive Engineers (SAE) levels of automation1 
over the next few decades, eventually replacing 
the majority of the personal and commercial fleet. 
To get to this point, our team realizes that multiple 
facilities will need to be used for different stages 
of testing and development. This proposal seeks 
designation of the Wisconsin AV Proving Grounds, 
consisting of multiple sites. 


                                                           
1 Six levels, from 0 (no automation) to 5 (full automation) 
2 So named in 1977 for its founders Miller, Greene, and 
Arendt 


 
 
 
With a designated proving ground in Wisconsin, 
vehicle testing can be done to develop and share 
best practices to address safety concerns, 
including under adverse conditions such as Upper 
Midwest winter weather.   


 
Initial testing can take place in a closed 
environment with both the MGA Research 
Corporation2 site in Burlington, WI and the Road 
America race track in Elkhart Lake, WI. Next, the 
collaboration between UW-Madison, Epic 
Healthcare Systems, and the City of Madison to 
operate AVs on limited-use campus facilities will 
be used for practical testing in a controlled 
environment.  Select facilities in the City of 
Madison as well as WisDOT state highways (as 
part of the W-Highway3 program) will be available 
for final stages of development and deployment. A 
more detailed overview of facilities is included in 
Section 3. 
 
A great deal of momentum in Wisconsin began 
one year ago upon the USDOT announcement of 
the Smart City Challenge opportunity. Madison 
was among the smallest population applicants, 
but the UW-Madison and City of Madison team 
had top level support and numerous partners 


3 W-Highway is the emerging state test bed for connected 
vehicle research 
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engaged in a proposal that emphasized improving 
urban mobility and equity through smart AV 
microtransit. Automated microtransit or minibus 
vehicles such as those provided by EasyMile, 
Local Motors, Navya, and others are beginning to 
take off, as we have seen at the recent ITS World 
Congress and will see again at the Consumer 
Electronics Show in early 
January. Yet, as 
technology and user 
acceptance 
evolves, there is a 
large unmet need 
for proving 
grounds for this 
type of service as 
well as for broader 
AV technologies.  
 
 
2. OBJECTIVES AND APPROACH 
 
2.1. Targeted Contributions 
 
The mission of the Wisconsin AV Proving Grounds 
is to safely and rapidly advance AV development 
and deployment by providing a full suite of test 
environments coupled with research and open 
data. Our team’s philosophy holds paramount 
safety, followed by best practice tenants of 
security and open data. Without these 
fundamental elements, we recognize it makes 
little difference what our readiness is or what 
research and development objectives may be.  
 
Efforts here build in part upon concepts and 
partnerships in Madison’s Smart City initiatives. 
These involve practical testing, deployment, 
research, and data collection to demonstrate best 
practices in automated mobility.  Focus will be 
placed on disseminating results – open data, 
standards applicability, software development, 
cybersecurity lessons learned, etc. – to encourage 
further deployments elsewhere. The advances 
accomplished with the Proving Grounds will 
influence policies for AV deployments nationally 
and will lead to increased city- and state-wide 
deployments. 
 
Research areas to be emphasized include some 
elements that overlap with the National Highway 
                                                           
4 https://www.transportation.gov/AV 


Traffic Safety Administration’s 15-point Safety 
Assessment.4  These elements and others include 
the following:    
 


• Data and sensing including LIDAR, GPS, 
cameras, communications, and other 
sensors. This parallels the Safety Assessment 
point on Object and Event Detection and 
Response.  


• Testing and validation methods for AV 
systems. 


• Vehicle operations including speed, 
acceleration/deceleration, performance on 
grades and curves, and in the case of electric 
vehicles, range and charging time. 


• Inclement weather operations including 
snow, ice, fog, and high winds. One of the 
larger unknowns for AVs is winter operation. 


• Interaction with pedestrians, bicycles, 
mopeds, cars, and traffic control devices. 


• Human-machine interfaces such as sensors, 
communications, and responses. For this 
item, our team has the opportunity to 
leverage the full-scale driving simulator at 
UW-Madison’s College of Engineering.  


• Passenger comfort, public perception, and 
safety improvement. 


• AV microtransit developments, 
enhancements, and testing: 


o Display live vehicle location on map shown 
at stops and accessible on connected 
devices. 


o Outfit vehicles with wireless internet 
connectivity and emergency telephones. 


o Outfit vehicles and route infrastructure 
with vehicle-to-infrastructure (V2I) 
equipment. 


o In the near term, vehicles include an 
operator at all times for emergency and 
legal considerations, as well as for public 
relations and outreach.  


o Vehicles limited to 25 mph operation to 
classify as a low-speed vehicle (LSV) per 
NHTSA and WisDOT.  
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The Wisconsin AV Proving Grounds offers a 
progression of facility types, which is essential for 
safe testing and deployment, and allows robust 
evaluation across a range of Operational Design 
Domains (ODD). Some facilities have already been 
testing AV technologies, and all of the facilities 
stand ready to test AVs as part of the Proving 
Grounds team. The MGA facility in particular is 
readily willing to modify route features, create 
specific testing events, or add equipment. 
 
We see two simultaneous trajectories of AV 
development. One entails additional features in 
consumer vehicles available already, e.g., Tesla. 
This represents vehicles that may be driven 
anywhere – any ODD – with autonomy continuing 
to progress through the SAE levels. A second 
trajectory are those striving to be fully 
autonomous, e.g., Google or Navya, and the 
progression here is not through the SAE levels but 
through ODDs. This later case may be referred to 
as the “Transit Leap” or gradual spatial 
expansions over the next 35 years.5  
 
• Leap 1: driverless short trips in local fixed 


loops (now) 


• Leap 2: first/last-mile service in small areas 
(2020) 


• Leap 3: larger-area (CBD, island) service to 
most addresses (2030) 


• Leap 4: city-wide service, any address, any 
trip (2040) 


• Leap 5: megaregion, any time anywhere, any 
distance (2050) 


 
The Wisconsin AV Proving Grounds team 
understands as deployment for AVs progresses in 
this fashion, closed-course testing can be done to 
address elements of all leaps.  Limited-use 
facilities and public roads will likely begin 
deployment in the order listed. 
 
The following diagram shows the general flow of 
the proving grounds.  Although testing can occur 
fluidly at any point in the process, the main idea is 
that the closed courses including MGA and Road 
America would be used for early stage tests 
                                                           
5 “Transit Leap” credit to Bern Grush and John Niles, 
http://endofdriving.org/ 


whereas the public roads in the City of Madison 
and WisDOT highways would be used for later 
stage testing after much initial vetting at the 
closed facilities. 
 


 
 
 
2.2. Proving Grounds Team 
 
The team includes the second largest city in 
Wisconsin, the region’s largest private employer, a 
premier private proving grounds in operation for 
decades, one of the nation’s most reputable race 
tracks, public agencies, and Wisconsin’s flagship 
research university. Researchers with the UW-
Madison College of Engineering will manage and 
oversee all aspects of the AV proving grounds 
work, as well as provide research, development, 


Wisconsin DOT (W-Highway)


Late-Stage | Public Roads | High Speed 
Mobility | Long Distance | Freight


City of Madison


Mid/Late-Stage | Public Roads | Low Speed
Safety | Mobility | Durability | Transit


UW-Madison / Epic Campus


Mid-Stage | Limited-Use Facility | Low Speed
Safety | Durability | Transit


Road America - Elkhart Lake, WI


Early Stage | Closed Track | High Speed
Mobility | Long Distance | Freight


MGA Research Facility - Burlington, WI


Early Stage | Closed Track | Low Speed
Safety | Durability | Transit 
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and data stewardship. The main partner in this 
team is the physical proving grounds facility 
owned and operated by MGA Research 
Corporation near Burlington, WI. Both the City of 
Madison and the Wisconsin DOT are public 
agency partners for AV policy development, 
regulation, and operations on their roads. In 
addition, the founder and team leader of Team 
Mojavaton – Colorado's entry in the 2005 DARPA 
Grand Challenge and the 2007 Urban Challenge – 
now lives in Madison and collaborates with our AV 
Proving Grounds team.  


 
2.2.1. UW-Madison 
 
UW-Madison will be the lead for the Wisconsin AV 
Proving Grounds team with the College of 
Engineering being the hub of activity.  Three 
members of the Traffic Operations and Safety 
(TOPS) Lab will be appointed to roles to ensure 
communication and collaboration with other AV 
proving grounds and the USDOT. 
 
Safety Officer 
The safety officer will be a member of the safety 
group of the Traffic Operations and Safety (TOPS) 
Lab within the Department of Civil and 
Environmental Engineering.  This person will 
develop the team’s safety management plan, 


participate in the quarterly safety officer meetings, 
and coordinate with safety liaisons at each test 
facility.  
 
Communications Officer 
The communications officer’s primary objective 
will be to ensure lines of communication remain 
open and committed to contributing to the 
Community of Practice.  This includes internal 
communication between members of the 
Wisconsin AV Proving Grounds team as well as 
external groups including other proving grounds 
and the USDOT.  This person will participate in 
meetings and conferences relevant to the 
Community of Practice and will complete all 
activity reports. 
 
Proving Grounds Coordinator 
The proving grounds coordinator will ensure that 
work is being completed in an efficient manner 
and information is being shared appropriately for 
all AV testing.  This includes making sure data is 
being shared internally and openly, preparing and 
disseminating performance metrics and results 
documentation, coordinating research efforts, 
coordinating testing efforts, and engaging 
stakeholders. 
 
UW-Madison has AV-related research and 
development underway across a variety of units 
and disciplines. This allows the team to draw on 
whatever is needed as different testing and 
deployment opportunities arise in the years to 
come.   


• Department of Civil and Environmental 
Engineering 
o AV Research and testing 
o Wisconsin TOPS Lab 
o Data hub 
 WisTransPortal transportation data hub 


(described later) 
 All data will be housed within the 


college and shared openly via the ITS 
Research Data Exchange (RDE) 


• Department of Industrial and System 
Engineering 
o Human factors / optimization and the full-


scale driving simulator 


• Department of Geography 
o High-resolution 3-D mapping 
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• Department of Computer Science 
o Network and data science, WiRover 


mobile vehicle communications 


• Department of Electrical and Computer 
Engineering 
o Telecommunication and hardware design 


• Department of Mechanical Engineering 
o Automotive / Vehicle / Engine / Power 


• MetroLab Network 
o The national network of City-University 


collaboration  
 
2.2.2. MGA Research Corporation 
 
MGA Research Corporation is an international 
provider of services and equipment to the 
automotive, aerospace, and energy storage 
industries.  Within the automotive industry, 
MGA is well recognized in vehicle 
crashworthiness and interior components 
such as seats, instrument panels, and 
restraint systems.   
 
MGA is independent and privately held, 
headquartered in Akron, NY.  The Burlington, 
WI facility was purchased from Chrysler 
Corporation in October 1988.  The facility was 
the American Motors Corporation (AMC) 
Proving Grounds that Chrysler closed after 
purchasing AMC.  MGA has extended the 
vehicle crash testing capabilities of the facility 
with the additions of multiple specialized facilities 
to address front, side, rear, and rollover crash 
modes, and real world accident scenarios.  In 
addition to Akron, NY and Burlington, WI, MGA has 
facilities in: 
• Troy, MI – Detroit area 
• Mississauga, Ontario, Canada 
• Greer, SC 
• Lincoln, AL 
• Irving, TX 
• Manassas, VA – Washington DC region 
• Shanghai, China 


 
2.2.3. Road America 
 
Road America is a 640-acre motorsports facility 
established in 1955. The four-mile road circuit 
offers high-speed straights, challenging turns, and 
dramatic elevation changes. The Blain’s Farm & 


Fleet Motorplex is a short combination paved and 
dirt track used for karting, supermoto, and 
autocross activities. 
 
The track hosts major motorcycle and auto racing 
series on public race weekends, including AMA, 
NASCAR, the American Le Mans Series, and 
IndyCar. The facility is committed to safety as their 
number one goal. Their safety director is fully 
trained with over 30 years of motorsports safety 
experience in various environments including clay 
ovals, drag racing, road courses, and paved ovals. 
This individual is a past member of the CART 
safety team and is currently the Secretary of the 
NFPA 610 Safety in Motorsports Committee. 


 
2.2.4. City of Madison 
 
The City of Madison is committed to supporting AV 
research and practice. As stated in the Smart City 
Challenge proposal, “Madison will become a living 
mobility lab that will evolve, test, and implement 
smart transportation solutions to move people, 
goods, and services around Madison more 
equitably, safely, and efficiently.” Madison is 
strongly motivated by the improvements to 
mobility and equity for underserved populations 
that automated microtransit will bring.  
 
The City of Madison, with UW-Madison, is a 
founding member and an active participant in the 
MetroLab Network, a 2015 White House initiative 
which calls upon universities and cities to 
collaborate in using technology to solve urban 
challenges. And just this October 2016, Madison 
was one of 16 cities selected to form the 
Transportation for America (T4A) Smart Cities 
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Collaborative, with support from Alphabet’s 
Sidewalk Labs. Madison is focusing on pursuing 
automated vehicles, one of three of the T4A 
Collaborative’s core areas.  
 
2.2.6. Wisconsin DOT 
 
WisDOT is the lead statewide agency for 
automated vehicle policy and testing guidance. 
Somewhat unique to Wisconsin, both the 
Wisconsin State Patrol (WSP) and the Division of 
Motor Vehicles (DMV) are included within the 
Department of Transportation. Having these under 
one agency is a significant advantage for AV policy 
development.  
 
WisDOT will support disseminating results of the 
AV proving grounds research through a statewide 
program to engage stakeholders. This will include 
outreach material to explain why this research is 
so critical to the Wisconsin public and why 
Wisconsin is involved in testing AVs. 
 
2.2.7. Other Private Entities 
 
First among other private partners is Epic 
Healthcare Systems. As an existing partner with 
Madison’s Smart City efforts, a major supporter of 
innovative technology, and with a private 
corporate campus available for AV microtransit 
deployment, they are a natural fit for the 
Wisconsin AV Proving Grounds.  
 
The Wisconsin AV Proving Grounds is neither 
affiliated with nor supported by any specific AV or 
AV-related manufacturer. Although we have 
existing relationships with some private entities, 
we welcome all providers to utilize the proving 
grounds. Some potential examples include:  
• Microtransit: Navya, EasyMile 
• Sensor manufacturers: ZF TRW, Delphi, Lynx 
• Automakers: Ford, GM, Tesla 
• AV-engaged companies: Google, Uber 
• Freight: Schneider National (based in 


Wisconsin)  
• Agriculture and implements of husbandry 


(IoH): Case IH, John Deere 
• Military: Oshkosh Defense (based in 


Wisconsin) 
 


2.3. Demonstrated Investments 
 
The members of the AV Proving Grounds team 
have demonstrated commitment to the testing of 
AVs and will continue to invest as clients and 
testing procedures are developed.  The following 
are a list of developments either completed or in 
process to support the AV Proving Grounds: 


• Existing collaboration on smart cities, 
research and publishing, legal and liability 
issues, etc. 


• The MGA facility and Road America are 
private, restricted-access facilities, and are 
already approved for automotive testing. 


• MGA has worked and continues to work with 
sensor suppliers on testing. 


• WisDOT, UW-Madison, and the City of 
Madison have appropriated funds to deploy 
connected vehicle hardware on W-Highway 
facilities as part of the AASHTO SPaT 
Challenge.  This will allow for communication 
with connected vehicles and AV systems. 


• The College of Engineering 
has developed resources 
that will support AV data 
collection, including 
WisTransPortal. 
 
 


2.4. Readiness 
 
The Wisconsin AV Proving Grounds team is ready 
to start right away.  The following items address 
the team’s readiness for AV testing: 


• Test tracks at MGA and Road America are 
ready for testing immediately. 


• MGA supports testing by multiple users at 
one time. 


• All data collected on official proving grounds 
projects will be shared openly on 
WisTransPortal (which is publicly available), 
unless specific confidentiality agreements 
stipulate otherwise. 


• MGA is committed to adaptable 
infrastructure to meet client and testing 
needs. 
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• Each facility that is part of the proving 
grounds will have a designated point of 
contact, shown in Section 4.  These members 
will be collaborating with each other through 
the team’s Proving Grounds Coordinator. 


• The City of Madison has been preparing for 
AV testing on public roads for the last year 
since the Smart City Challenge.  The city 
continues to engage the community and 
address concerns for usage of public roads 
in AV tests. 


 
 
2.5. Safety Management Plan 
 
A safety management plan will be developed to 
ensure that all testing completed at any proving 
ground sites is done in a safe and well-
documented manner.  This plan will outline safety 
plans for all personnel involved in testing, safety 
protocols for testing on all open roads (including 
limited-use facilities and public roads), safety 
checks for all automated devices used at the 
proving grounds, and plans for fallback, 
contingency, and emergency response. 
Furthermore, each facility also maintains their 
own safety documents and procedures.  
 
 
2.6. Adherence to Laws, Regulations,  


and Federal Policy 
 
From a statewide legal standpoint, Wisconsin is 
one of several states that does not explicitly 
prohibit AV operation, and the Wisconsin 
Assembly has AV on their legislative agenda for 
the current term6 to further improve and clarify 
statute regarding AV.  
 
Regarding legal and liability concerns with AV on 
public routes, exploration of these to ensure 
adherence to laws and regulations has been done 
as a collaboration among Madison City Attorney’s 
Office, the UW-Madison Office of Legal Affairs, and 
the Wisconsin DOT Office of General Counsel, with 
consultation from the State Attorney General’s 
Office.  
 


                                                           
6 http://legis.wisconsin.gov/eupdates/asm63/ 
ForwardAgenda2016.pdf 


In the near term, the development of policy in 
Wisconsin and advancement of legislation will 
focus on housekeeping items, for instance, 
enabling connected/automated truck platooning 
as an exception to the current statute regarding 
minimum following distance, and clarifying the 
distinction in statute whether a driver is a human 
or an autonomous system. In the longer term, 
policy and regulation will follow NHTSA’s model 
policy and best practices from other states to 
avoid contributing to the patchwork of laws of 
concern to automakers.  
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3. FACILITIES 
 
3.1. MGA Burlington 
 
The MGA Proving Grounds occupies approximately 
400 acres and has over 20 miles (32 kilometers) 
of paved and unpaved roadway divided among 
multiple tracks. Its location near Burlington in 
Southeast Wisconsin is ideal for AV testing. Being 
just 50 minutes from the Milwaukee Mitchell 
airport, and 90 minutes from Chicago’s O’Hare 
airport, access is convenient from anywhere in the 
world. Being a secured site in a rural setting 
means it affords greater security and 
confidentiality than many other proving grounds. 


• MGA’s Upper Track is a low-frequency, high 
amplitude type of design that is made up of 
four surfaces: Ripple Lane, Pothole Lane, 
Cobblestone Lane and Body Twist Lane.   


• MGA’s Main Track is a 
1.2 mile (1.9 km) two 
lane oval designed for 
55 mph (88 kph) speed.   


• MGA’s Inner Track 
consists of two loops, 
the Driveline loop and 
the Chassis loop.   


o The Driveline loop 
comprise a smooth 
surface road that 
provides short radius 
180° turns, various 
elevations, and 
grades ranging from 
15% to 28%.   


o The Chassis loop is designed to provide 
high frequency/low amplitude vehicle 
inputs and consists of surfaces such as 
alternate rolls, spot patches, washboards, 
shimmy exciter, and chatterstrips.   


• The 1.6 miles (2.6 km) of the Inner Track is 
almost equally divided between these two 
loops. 


• MGA’s North Track is a 5.3 mile (8.5 km) 
course with body rolls, chatterstrips, and 
railroad crossings.  The area around this 
track also includes a brake water soaking pit. 


• MGA’s Truck Track is the name given to a 1.5 
mile (2.4 km) gravel road course since it was 
originally designed for truck chassis testing.  
Included in this course/area is a saltwater 
soaking pit, 30% grade, and Figure 8 track. 


 
MGA also has designed a cross country/off road 
course that is used for durability and shakedown 
tests of four-wheel drive vehicles.  The cross 
country course utilizes such objects as inclines, 
ditches, fallen trees, field stone, and swamps.  
Depending on the types of vehicles and tests, 
MGA can modify the cross country course to meet 
specific needs. 
 
Below is an aerial view of the MGA facility in 
Burlington. The main areas planned for testing of 
AVs are the main track oval and the inner track, 
both seen on the left of the image below. 
 


 
 


   
 
The MGA facility has strict safety guidelines in 
place that will be modified to keep AV tests on the 
facility safe.  Specific guidelines that currently are 
in place include usage of the test tracks, usage of 
access roads, distracted driving, motorcycles, seat 
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belts, and general conduct.  MGA has a long 
history working with NHTSA. 
 
The facility is currently ready to use.  The section 
of track designated for AV testing is currently 
underutilized and ready for scheduling during all 
seasons.  The track is operational with many 
safety features already constructed, however 
additional equipment installation and 
modifications can be completed as needed to 
support the AV test being conducted. 
 
 
3.2. College of Engineering 
 
The UW-Madison College of Engineering will 
provide the home for research and data services. 
The focal point is the TOPS Lab, which includes 
the WisTransPortal, and a diverse team of 
researchers across multiple departments has 
world-class IT resources at their disposal.  
 
The WisTransPortal system provides a central 
source of traffic operations, safety, and intelligent 
transportation systems (ITS) data, with specific 
capabilities for data archiving, real-time services, 
and server applications development. The 
WisTransPortal supports day-to-day operational 
requirements with connections to several major 
systems including Wisconsin 511 and the WisDOT 
Statewide Traffic Operations Center (STOC) 
Advanced Traffic Management System (ATMS).  It 
is also used throughout Wisconsin and regionally 
by all levels of state and local government, law 
enforcement, universities, engineering firms, and 
others for a variety of traffic management, 
maintenance, planning, and research purposes.  
 
The WisTransPortal is also essential for 
transportation engineering research in providing a 
robust ‘big data’ warehouse of traffic operations 
and safety information. The TOPS Lab manages a 
wide range of archived traffic operations and 
safety data in the WisTransPortal for research and 
performance purposes, and the WisTransPortal 
provides several real-time data feeds to support 
center-to-center data sharing, traffic incident 
management, and traveler information.7  
 


                                                           
7 Learn more about the WisTransPortal at 
http://transportal.cee.wisc.edu/about/ 


3.3. Campus AV Routes 
 
Initial AV microtransit vehicles deployed on the 
UW-Madison campus will lay the foundation for 
future expansion. Targeted routes and 
applications include the following: 
• First-mile/last-mile connectivity for residents 


of the campus housing community at Eagle 
Heights during non-peak hours where other 
service is limited (shown below). 


• Replace a conventional diesel shuttle route 
to UW-Hospital.  


• Additional research and development 
purposes on multiple routes. 


 
Though primarily on campus roads exclusively, 
these routes are done in coordination with the City 
of Madison for those portions crossing city roads. 
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3.4. Additional Partner Facilities for  
Expanded Deployment 


 
3.4.1. Road America  
 
The facility includes the following features which 
are available for scheduling as part of the proving 
grounds: 


• Four-mile road circuit for high-speed vehicle 
testing 


• One-mile go-kart track (can be used for 
autocross or similar with full size vehicles) 


• 14 miles of paved access roads 
• Off-road course 
• Several large paved paddock areas 
• Skid Pad 
• High availability during the winter 
• Availability for night testing 


 
3.4.2. Epic Healthcare Systems Campus 
 
AV microtransit vehicles deployed at Epic’s private 
corporate campus for employee/visitor passenger 
service will replace existing conventional fuel 
shuttles.  This deployment solves Epic’s campus 
mobility problem while establishing an exemplar 
for corporate campuses across the country. 


 
3.4.3. City of Madison 
 
State Street is a restricted-use roadway 
connecting the Capitol Square to the UW campus.  
This route boosts public awareness and allows for 
on-road testing in a controlled space.  This route is 
shown below. 
 


 
Other routes in the central business district are 
also suitable, which offer testing grounds for 
various modes of transportation.  The Park Street 
Corridor is currently being developed for 
connected vehicle testing, but would also be a 
good site for AV tests.  The current project plan is 
shown below. 
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3.4.4. State Roads and W-Highway 


 
The least restrictive ODD involves a complete 
network with a variety of traffic control, 
geometries, traffic conditions, interactions with 
other road users, weather, lighting, terrain, and 
pavement condition. This includes state roads, 
and the W-Highway corridor will be the ideal place 
to start for monitoring and feedback. 
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4. Partners and Primary Points of Contact 
 
 


Partner Name, Title Contact Info 


UW-Madison Peter Rafferty 
TSM&O Program Manager 


608-516-9382 
prafferty@wisc.edu 


MGA Research Corp David Winkelbauer 
Director of Operations 


262-763-2705 
david.winkelbauer@mgaresearch.com 


City of Madison Yang Tao 
Assistant City Traffic Engineer 


608-266-4815 
ytao@cityofmadison.com 


Wisconsin DOT Anne Reshadi 
Traffic Systems & Management 
Section Chief 


414-227-2149 
anne.reshadi@dot.wi.gov 


Road America Mike Kertscher 
Director of Business Development 


920-892-4576 
mkertscher@roadamerica.com 


Epic Pete Scharenbroch 
BIM Manager 


608-777-0126 
pete.scharenbroch@jpcullen.com 
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INTRODUCTION 


 


The Utah Department of Transportation (UDOT) believes that automated vehicle (AV) and 


connected vehicle (CV) technology embodies viable, long-term tools that can help us achieve our 


agency’s vision to “Keep Utah Moving” by enhancing mobility, increasing safety (towards 


UDOT’s goal of Zero Crashes, Injuries and Fatalities), and optimizing the value of our 


infrastructure investment. There is broad recognition that these two technologies, CV and AV, 


provide important synergy in the automobile of the 


future; that communication between the vehicles, and 


with the infrastructure, enhances and expands the ability 


of the AV sensors and provides important redundancy. 


The result is a safer car, more rapid expansion of the 


“mobility on demand” model, and a travel experience 


that is more reliable. 


UDOT applauds the efforts of the US Department of Transportation to assemble a diverse 


network of testing sites into a Community of Practice. Recognizing the important synergy 


inherent in connected and automated vehicles (CAV), and in support of the USDOT 


announcement last week of a proposed rule to require vehicle-to-vehicle (V2V) communication, 


UDOT offers our 11-mile connected vehicle corridor in Salt Lake City as the Utah Connected 


and Automated Vehicle Proving Ground. This corridor follows Redwood Road, a state-owned, 


north-south arterial in the Salt Lake metro area, through 35 signalized intersections. Redwood 


Road traverses industrial areas, commercial districts, 


residential neighborhoods, and educational institutions. 


UDOT is currently installing DSRC (Dedicated Short-


Range Communication) infrastructure along this 


corridor, using hardware from multiple vendors, and is 


enhancing and deploying a DSRC-based V2I application 


for transit signal priority, the first operational use of the 


Multi-Modal Intelligent Traffic Signal System 


(MMITSS). The connected vehicle system will be fully 


operational by Spring 2017. 


All intersections along the Redwood Road corridor, and most adjacent roadways, are connected 


to a robust fiber optic communication system, facilitating efficient traffic management and data 


collection. In addition, all of these intersections have advance traffic sensor technology and 


signal performance metrics, making it possible to evaluate traffic conditions and impacts at all 


times. Third-party probe data provides real-time and historical data to augment the in-place 


sensors. UDOT’s innovative GIS-based crash data mapping system and progressive weather 


 


Connected vehicle technology 


can enhance and expand the 


capabilities of automated 


vehicle sensors and should be 


evaluated in parallel. 
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monitoring and prediction system provides robust historical information along the corridor, 


allowing entities to assess traffic conditions and impacts on various technologies.  


UDOT will work with all qualified entities to facilitate AV testing along the Utah CAV Proving 


Ground, but the unique characteristic of this proving ground is the robust CV capability – DSRC 


infrastructure, multiple hardware vendors, fiber communication, signal performance metrics, and 


historical traffic, crash and weather data. We offer what many other locations cannot – an 


operational DSRC system on a public street with a variety of traffic conditions, supported by 


robust data to assess performance. UDOT invites transportation agencies and interested private 


companies to come use this facility, share 


resources and data, and participate in advancing 


CAV technology. 


For twenty years UDOT has been known as an 


innovator in transportation technology, with 


Automated Traffic Signal Performance 


Measurements (ATSPM), public-private fiber 


optics deployments, diverging diamond and 


continuous flow interchanges, accelerated bridge construction, design-build construction, and a 


willing contributor to the transportation community. UDOT has a transparent approach, as 


evidenced by our sharing of the ATSPM development and data: live signal performance data is 


provided on a public website; the web platforms developed by UDOT have been shared with 17 


agencies across the country; and our software is now included on the USDOT Open Source 


Application Development Portal (OSADP) software platform. Together, as agencies across the 


country, we believe we can collaborate to advance transportation into the future. We look 


forward to offering our Utah Connected and Automated Proving Ground to a diversity of 


partners - public and private - and to working collaboratively with them and our federal partners 


within a Community of Practice, on this disruptive and transformational technology.  


As part of our participation in the Community of Practice, UDOT proposes to sponsor an annual 


workshop on connected automation, to solicit partners as workshop co-sponsors, and to post data 


and best practices to a Proving Ground website. The connected automation workshop would 


include demonstrations by UDOT and other entities who are testing CAV systems, either on the 


Utah CAV Proving Ground or on other facilities, as well as presentations and panel discussions. 


The goals of the workshop would be to share lessons learned, best practices, and safety 


management techniques, and to foster collaborations and partnerships to advance this 


technology.  The first workshop would be held in early 2018.  


In their recent Notice of Proposed Rule Making (NPRM) on V2V requirements for light vehicles 


(Docket No. NHTSA-2016-0126, December 123, 2016), NHTSA stated that the “fundamentally 


different, but complementary, information stream provided by V2V”, as compared to on-board 


sensors, has the potential “to significantly enhance the reliability and accuracy of the sensor-


The Utah Connected and Automated 


Vehicle Proving Ground provides 


assets and conditions different from 


other test sites – an operational DSRC 


system on a public street, hardware 


from multiple vendors, rich data 


resources, and a sharing environment.  







 Utah Department of Transportation 
Designation of Automated Vehicle Proving Grounds 


 


 


6 
 


 


based” systems. While this NPRM is exclusively about V2V systems, we believe that DSRC-


based connected vehicle systems, including V2V, V2I, and V2X, are valuable and critical 


components of connected and automated vehicles and that the connectivity systems should be 


tested along with the automated elements. The Utah CAV Proving Ground is a unique, arterial 


corridor that provides an ideal environment for this purpose. UDOT offers our support and 


commitment to make this Proving Ground a successful element in the national effort.  


 


THE UTAH CONNECTED AND AUTOMATED VEHICLE PROVING GROUND 


Proving Ground Description 


UDOT is excited to be part of a national network of 


connected and automated vehicle proving grounds, and 


views this USDOT effort as a beneficial step in 


accelerating the life-saving technologies promised by 


vehicle automation. UDOT offers our 11-mile connected 


vehicle corridor along Redwood Road in Salt Lake City as 


the Utah Connected and Automated Vehicle Proving 


Ground. Redwood Road is a diverse north-south arterial 


corridor in the Salt Lake metro area. The Utah CAV 


Proving Ground traverses industrial areas, commercial 


districts, residential neighborhoods, and educational 


campuses. The corridor ranges from five lanes (two in each 


direction with a center turn lane) to seven lanes, and has 35 


signalized intersections. Average annual daily traffic 


(AADT) ranges from 18,000 at the north end, which is less 


densely populated, to 40,000 at the south end, with a peak 


of 60,000 at the I-215 interchange. Trucks make up 24% of 


that traffic. 


UDOT is currently installing DSRC infrastructure along 


this corridor, using hardware from multiple vendors, and is 


deploying a V2I application for transit signal priority. Thirty of these 35 intersections will have 


DSRC radios broadcasting Signal Phase and Timing (SPaT) and intersection geometry (MAP) 


messages, allowing buses to request signal priority when they are behind schedule.  Having 


DSRC equipment from multiple vendors on the corridor facilitates validation of interoperability 


with various software applications and hardware configurations. This connected vehicle corridor 


will be fully operational by Spring of 2017. Procedures will be in place by September 2017 to 


approve and facilitate testing by other entities along the corridor.  Later in 2017, when the 


FHWA and the Crash Avoidance Metrics Partnership (CAMP) release a limited version of the 
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connected vehicle Security Credential 


Management System (SCMS), UDOT will 


incorporate that system into the broadcasts 


along the corridor. 


The UDOT fiber optic network traverses the entire Utah CAV Proving Ground corridor, and all 


traffic signals are connected to fiber. Traffic cameras, also connected to the fiber optic network, 


are installed at twelve locations along this corridor, which allow for monitoring of traffic 


conditions, incidents, and activities. Modern traffic signal controllers and radar detection enable 


robust data collection at the intersections along this corridor. Third-party probe data will provide 


real-time and historical traffic information. UDOT has been a national leader in the deployment 


of Automated Traffic Signal Performance Measures, a set of performance metrics created at 


Purdue University and adopted by AASHTO as an Innovation Initiative. These metrics allow for 


a detailed analysis of traffic conditions, and how an automated and/or connected vehicle reacts in 


the traffic stream.  


Proving Ground Management 


The Utah Connected and Automated Vehicle Proving Ground will be managed and operated by a 


dedicated team of transportation professionals, each with specific expertise in certain operational 


elements of the Proving Ground. While the team may be augmented in the future, the core 


management of the team will include:  


Designated Point of Contact / Team Lead – Blaine Leonard, P.E. 
Mr. Leonard is the UDOT Technology and Innovation Engineer, a senior level management position 
within the Traffic Management Division responsible for new transportation technology, including 
automated and connected vehicles, emerging methods of traffic detection, data sharing, and innovative 
traffic safety tools. He manages collaboration with other agencies on electric and hydrogen vehicles, 
smart city technologies, and transit efficiency.  
 
Blaine is highly engaged in national committees and panels focused on connected and automated 
vehicles. He is the Chair of AASHTO’s Connected and Automated Vehicles Technical Working Group, 
a member of the Executive Committee of the Vehicle to Infrastructure Deployment Coalition (V2I DC), 
and a member of the Connected Vehicle Pooled Fund Study. Within AASHTO, he is co-leading the 
national “SPaT Challenge”, an effort to get state and local agencies to deploy DSRC infrastructure 
along a corridor in every state to broadcast the SPaT and MAP messages. Within the V2I DC, he is 
part of a small group engaged in ongoing discussions with the automaker community regarding data 
sharing and application collaboration.  
 
Blaine has developed working relationships with many federal, state, institutional and private entities in 
the connected automation field, and is committed to collaboration and innovation with this evolving 
technology. 


 


Designated Safety Officer – Robert Miles, P.E. 
Mr. Miles is the UDOT Director of Traffic and Safety. In this role, he supervises the Department’s 
efforts in all aspects of traffic safety, including Utah’s Zero Fatalities Program, school and pedestrian 
safety, traffic safety operations and projects, traffic signage, lighting and signal design, and railroad 
safety.  


Utah’s connected vehicle corridor will 


be operational by Spring 2017.  
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With twenty years of experience in the Department, including past responsibilities for transportation 
operations, encroachment and access permits, and preconstruction, Robert brings broad experience in 
traffic safety and risk management to the Proving Ground team. His Traffic and Safety group produces 
extensive crash statistics reports, operational safety reports, traffic studies, and work zone safety 
programs, and is involved with various regulatory programs such as MUTCD.  
 
Robert is involved in various national committees through AASHTO and TRB, where he contributes to, 
and participates in discussions and decisions about traffic safety issues. 


 


Designated Technical Resource – Charles Felice 
Mr. Felice is a software project manager at UDOT. He is fully conversant with the ITS technologies 
deployed around the state and has working knowledge of data structures; traveler information websites 
and mobile applications; communications modes; video systems; and ITS hardware configurations.  
 
Chuck is involved with the deployment of DSRC on the Redwood Road corridor, and has been 
responsible for creation of the intersection MAP messages. An experienced software engineer and 
project manager, Chuck has fourteen years of experience at Novell and and ten years at UDOT. 
 


Designated Communication Resource (Fiber Network) – Lynne Yocom 
Ms. Yocom is the Fiber Optic Manager at UDOT, and is responsible for installing and maintaining the 
broad fiber network throughout the state. She has leveraged public-private partnerships to share right-
of-way and fiber capacity with almost twenty private telecommunications companies, doubling the 
reach of UDOT’s fiber system.  
 
Lynne’s expertise in building out fiber networks is sought for by agencies around the country.  In 
addition to her fiber optic knowledge, Lynne is a software and network systems expert. She will 
facilitate the collection of data for various users of the Proving Ground using the fiber network. 
 


Designated Data Analytics Resource – Jamie Mackey, P.E. 


Ms. Mackey is UDOT’s Statewide Signal Engineer. Jamie has been with UDOT for five years, and is 
the creative engine behind the innovative Automated Traffic Signal Performance Measures, developing 
additional algorithms, data visualizations, and operational implementations for the system. She will 
advise users of the Proving Ground on the uses of data to interpret the effectiveness of various 
applications and processes. 
 


Designated Application and Visualization Developer – Derek Lowe 
Mr. Lowe is a software developer, part of UDOT’s team responsible for application development, data 
analysis, and data visualization. Derek has been responsible for the software development behind 
UDOT’s Automated Traffic Signal Performance Measures and recently brought the software into 
compliance with the requirements necessary for it to be posted on the USDOT OSADP.  


 


Workshop and Information Sharing on Connected Automation 


A key element of any Proving Ground facility is the ability to foster collaboration between 


participants and share data, lessons learned, safety management plans, and best practices with 


interested parties. UDOT proposes two mechanisms to help achieve this goal; an annual 


workshop on connected automation and a dedicated Proving Ground webpage.  


UDOT is excited to be part of a network of Proving Grounds and a participant in the Community 


of Practice. As a contributor to this community, UDOT proposes to sponsor an annual workshop 
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on connected automation, and to solicit partners as workshop co-sponsors. This workshop would 


include demonstrations by UDOT and other entities who are testing CAV systems, either on the 


Utah CAV Proving Ground or on other facilities, as well as presentations and panel discussions. 


Safety management plans would be shared and discussed. Data would be analyzed and 


evaluated. Applications would be demonstrated 


and reviewed. The goals of the workshop would 


be to share lessons learned and best practices and 


to foster collaborations and partnerships to 


advance this technology.  The first workshop 


would be held in early 2018.  


In addition to the workshop, UDOT will host a webpage focused on the Utah CAV Proving 


Ground. The website will include a description of the Proving Ground features, processes for 


gaining access to the Proving Ground, a message board, and results of various tests, as available.  


UDOT is accustomed to sharing data and participating in collaborative ventures. Over the past 


three years, UDOT has implemented an Automated Traffic Signal Performance Measurements 


(ATSPM) system which has become a national model for traffic signal management. This live 


and archived data is shared on a public website, and the web platforms developed by UDOT 


have been implemented by 17 


agencies across the country with more 


to come. The ATSPM system was 


selected as an AASHTO Innovation 


Initiative, and is currently an FHWA 


emphasis area in Every Day Counts 4.  


The ATSPM software is now on the 


USDOT OSADP. UDOT collaborated 


with the National Operations Center of 


Excellence (NOCoE) in early 2016 to 


provide a three-day workshop on the 


ATSPM that was attended by 169 


traffic signal professionals from 85 


public and private organizations. 


 


  


UDOT proposes to sponsor an annual 


connected/automated vehicles 


workshop to highlight lessons from the 


Utah CAV Proving Ground and 


related facilities. 
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SELECTION CRITERIA 


The Solicitation of Proposals provided a description of the selection criteria, including some 


mandatory criteria. This section describes how the Utah Connected and Automated Vehicle 


Proving Ground meets each of the mandatory criteria and provides value in many of the other 


criteria. 


Mandatory Criteria 


 Designated Safety Officer.  


o Robert Miles, P.E., UDOT Engineer for Traffic and Safety, will serve as the 


Designated Safety Officer.  He and Mr. Leonard will participate in Community of 


Practice meetings. 


 


 Commitment to sharing the entity’s approaches to safety and safety data generated 


through testing and operation. 


o UDOT is committed to sharing with the transportation community, both public and 


private, our approaches and advances in safety, operations, and innovation. UDOT 


has a proven record of transparency and sharing, including the public-facing ATSPM 


website and available source code, lessons learned in Accelerated Bridge 


Construction, and other innovations. 


o Safety will be a primary consideration on the Proving Ground. UDOT will develop a 


Safety Management Plan for the Utah CAV Proving Ground, to ensure that the testing 


has no negative safety impacts on the public, and create a Risk Register. We will 


share these tools with the Community of Practice and post them on the proposed 


webpage.  


o UDOT proposes to host an annual Connected Automation Workshop to share safety 


management data, practices, and lessons learned, along with other results of testing 


on the Proving Ground.  


Proposed Contributions 


 Extent to which the applicant meets the above eligibility and administers an established 


AV program. 


o UDOT meets the mandatory criteria, as described above.  


o UDOT is currently building an operational connected vehicle 


project in a busy, live-traffic corridor.  DSRC devices on the 


roadside and in buses, operated in partnership with the Utah 


Transit Authority, will be used to operate a smart transit 


signal priority application originally prototyped by the 


FHWA and the Connected Vehicle Pooled Fund Study, the 


Multi-Modal Intelligent Traffic Signal System (MMITSS). 


The MMITSS system includes several applications defined 
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in one of the mobility bundles under the US DOT’s Dynamic Mobility Application 


(DMA) program, as described in the Connected Vehicle Reference Implementation 


Architecture (CVRIA). As part of UDOT’s deployment of MMITSS, UDOT has 


modified the code to make it operable on multiple hardware platforms and has 


developed key modules to determine whether the bus is on schedule and to 


communicate beyond the current intersection. UDOT’s deployment will be the first 


operational implementation of the MMITSS system. 


 


o UDOT has hosted a demonstration of a connected automation system: truck 


platooning. Peloton, a California-based company, has brought their system to Utah on 


several occasions, and demonstrated the system in November 2015 on I-80 in 


Western Utah.  Peloton and UDOT worked with the Utah Legislature to update state 


law to make this testing possible.  


 


 Capability of the applicant to provide leadership in making national and regional 


contributions. 


o UDOT has made national contributions in a variety of transportation technologies, 


including design-build, innovative intersections, road weather operations, and the 


Automated Traffic Signal Performance Measurements system. Executive Director 


Braceras and Mr. Leonard are leaders in several 


national connected and automated vehicle 


committees and organizations, and have 


influence on research, policy and practice in the 


CV and AV fields.  


  


 Applicant’s proposed contributions to the Community of Practice.  


o UDOT commits to actively participating in the Community of Practice established by 


the USDOT, including sharing the Safety Management Plan and Risk Register. We 


also propose to host an annual workshop on the topic and a website. Data from the 


corridor, including existing traffic, crash and performance data, will be openly shared. 


Any software developed by UDOT for use on the Proving Ground will be shared with 


interested parties.  


 


 Ability and willingness to maintain a working relationship with the Department’s 


relevant research program offices  


o Mr. Leonard has recently taken on a new senior level role at UDOT, as Technology 


and Implementation Engineer, with a specific focus on traffic management and safety 


technologies. He is familiar with personnel in the ITS JPO and at TFHRC, and 


currently works with them on various connected vehicle programs. As described 


above, he chairs or is otherwise involved with numerous national committees, and 


frequently attends conferences and workshops related to CV and AV. Mr. Leonard 


participates in several NCHRP Panels on CV and AV topics, and works with 


UDOT has a culture of 


innovation and is known for 


bringing new transportation 


ideas into practice.  
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personnel at TRB, the Texas Transportation Institute, and Southwest Research 


Institute. He and Mr. Miles will participate in the Community of Practice.  


o The UDOT Traffic Management Division maintains an active working relationship 


with a variety of transportation researchers, including Dr. Darcy Bullock at Purdue 


University, Dr. Regan Zane at Utah State University, and Dr. Mitsuru Saito at 


Brigham Young University. UDOT is currently collaborating with the Center for 


Sustainable Electrified Transportation (SELECT) at Utah State University on electric 


vehicle systems, including in-pavement inductive charging systems.  


Commitment to Safety 


 Demonstrated capability to control risks through implementation of robust safety 


precautions through a published safety management plan. 


o One of UDOT’s three Strategic Goals is “Zero Crashes, Injuries and Fatalities.” 


UDOT is committed to safety, and will not rest until we achieve the “zero” goal. 


Utah’s Zero Fatalities program has been implemented in several other states with 


which we share data and web applications, and operation of the Utah CAV Proving 


Ground will follow this pattern. Safety will be a primary consideration and UDOT 


will develop and share a Safety Management Plan, to ensure that the testing has no 


negative safety impacts on the public, and create a Risk Register. 


  


 Demonstrates that specific safety considerations have been met. 


o The Utah CAV Proving Ground will adhere to all provisions of the Safety 


Management Plan and will operate within applicable laws and regulations. 


Research, Application and Data Sharing 


 Extent to which the State can provide applicable solutions for the broader region. 


o The unique characteristics of the Utah Connected and Automated Vehicle Proving 


Ground, with a specific focus on the role of V2V and V2I in vehicle automation, will 


provide valuable insights far beyond the borders of Utah. The MMITSS V2I 


application has been deployed as a proof of concept in Arizona and California, but 


has not yet been deployed for full 


operation. The entities involved in 


Arizona, California, and the other 


states involved in the Connected 


Vehicle Pooled Fund Study, are 


anxious to learn from the results of 


this deployment. Further, one of the 


Connected Vehicle Pilot 


Deployment sites intends to deploy 


a similar transit priority system, and 


Columbus, the smart city site 
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selected by the USDOT earlier this year, has transit priority listed in their application. 


Beyond MMITSS, the deployment of DSRC infrastructure is of interest to many state 


and local agencies planning to respond to the AASHTO SPaT challenge. Lessons 


learned from the Utah CAV Proving Ground will be welcomed around the country.  


 


 Demonstrated research and extension resources available.  


o In addition to the national and local research relationships mentioned earlier, UDOT 


maintains an active transportation research program, including an annual 


prioritization workshop involving the local research universities and other public and 


private entities. The UDOT Research Division will be engaged in the operation of the 


Proving Ground, and their resources leveraged, as needed, to maximize the efficiency 


and benefits of the Proving Ground.   


 


 Degree to which applicant can disseminate results of research.  


o In addition to participation in the Community of Practice, UDOT is proposing to host 


an annual workshop based on work performed at the Utah CAV Proving Ground and 


other facilities, and to share relevant data, research, and findings on a website. 


o Technical papers and presentations will be prepared for submission to TRB and other 


relevant venues discussing the operation of the Utah CAV Proving Ground and 


lessons learned in testing within this corridor. 


 


 Commitment to open data and sharing performance metrics. 


o UDOT has a reputation for data transparency. One evidence of this transparency is 


the fact that the UDOT ATSPM website, showing live performance data, is available 


to the public without a login. UDOT commits to openly sharing data, performance 


metrics, and test results from the Proving Ground. 


Demonstrated Investments 


 In facilitating AV testing, applicants demonstrate commitment through one or more: 


o Capital improvements to the Utah Connected and Automated Proving Ground 


corridor are underway. DSRC infrastructure is being installed and the MMITSS V2I 


application is being deployed in a partnership with the Utah Transit Authority.  


o As described below in the “Adherence to 


Laws” section, UDOT has partnered regularly 


and successfully with the Utah Legislature on 


laws and regulations related to connected and 


automated vehicles. 


o In addition to the DSRC deployment 


underway, UDOT is testing a connected vehicle 


weather probe application in northern Utah in a 


partnership with two private trucking fleets.  
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Readiness 


 Designated facility is open for testing, or will be open for testing by January 2018. 


o The Utah CAV Proving Ground will have full DSRC deployment, broadcasting SPaT 


and MAP messages by the Spring of 2017. The Proving Ground Management Team 


will have procedures in place to offer testing opportunities to other parties prior to 


September 2017.  


 


 Facility supports testing by multiple users, or the data generated by the proving ground 


is shared openly to the public. 


o The Utah Connected and Automated Proving Ground will be open to any public or 


private entity that meets the regulatory and safety criteria established by the 


Management Team. This corridor is a public street; as long as these criteria are met, 


testing will be possible. UDOT operates in full transparency. Any data available on 


this corridor will be shared with all relevant parties, including the public. Data 


resulting from UDOT testing activities will be shared; sharing of testing data from 


other parties will be the responsibility of that party, but the Utah CAV Proving 


Ground website will be available for any such sharing.  


 


 Designated facility provides a Designated Point of Contact. 


o Blaine Leonard, P.E., UDOT Technology and Innovation Engineer, will serve as the 


Designated Point of Contact.   


 


 If making use of public roads, the applicant demonstrates that it has engaged with any 


affected communities and can show that it is actively working with those communities to 


address any concerns.  


o Redwood Road, the site of the Utah CAV Proving Ground, is a state road, operated 


and maintained by UDOT. UDOT has an ongoing and collaborative relationship with 


the counties and cities throughout the state, specifically to facilitate our ATMS 


network and signal interconnectivity (all transportation agencies in Utah use a 


common traffic signal management system). We also have close working 


relationships with the Wasatch Front Regional Council, the local MPO, and other 


MPOs in Utah.  


Adherence to Laws, Regulations, and Federal Policy 


 Degree to which the facility will adhere to all state and local laws and federal 


regulations. 


o UDOT will adhere to applicable laws and regulations in the operation of the Utah 


CAV Proving Ground, and will work with applicable state agencies and the Utah 


Legislature, if necessary, to facilitate safe and efficient testing.  


o UDOT has worked with the Utah Legislature on several issues related to connected 


and automated vehicles. In the 2015 session, we participated in changes to the 
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“vehicle following law” to facilitate truck platoon testing. In the 2016 session, we 


successfully worked on legislative changes to data regulations, making it possible to 


obtain third-party traffic data from probe vehicles. Later in 2016, UDOT and the 


Department of Public Safety made a report to the Legislature on the future of 


Automated Vehicles in Utah, and had an encouraging interaction with legislators 


about the benefits of AV.  


 


 Demonstrates adherence to those primary subject areas outlined in the NHTSA Policy for 


Automated Vehicles 


o Testing of Automated Vehicles operating at Levels 1 and 2 is legal in the State of 


Utah since the human driver is in control of the vehicle and aware of operational 


situations. If manufacturers or other entities propose to test vehicles at Levels 3, 4 or 


5 on the Utah CAV Proving Ground, UDOT will have an application process in place 


which essentially follows the recommendations made by NHTSA in the Federal 


Automated Vehicles Policy, published in September 2016.  This process will include 


requirements that the vehicle comply with NHTSA’s Vehicle Performance Guidance 


and applicable Federal Motor Vehicle Safety Standards, and the applicant present 


evidence of appropriate qualifications and insurance. Operational restrictions will be 


considered to maximize the safety of the tests, and consideration shall be given to 


whether a human will be in the driver’s seat.   


 


SUMMARY 


In July 2016, NHTSA Administrator Dr. Mark R. Rosekind, stated, “We see a future where 


vehicle automation and vehicle connectivity could cut roadway fatalities dramatically”. UDOT 


believes in the same future, expanded to include improved mobility and expanded opportunities. 


The synergy of automated vehicles and connectivity will move us toward that vision. We offer 


the Utah Connected and Automated Vehicle Proving Ground as an ideal vehicle to demonstrate, 


test, share, and improve these technologies, and we look forward to collaborating with the 


USDOT and many other public and private entities in this endeavor.  
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Introduction 
The Virginia Department of Transportation (VDOT), in partnership with the Virginia Tech Transportation 
Institute (VTTI) and the Virginia Department of Motor Vehicles (DMV) and on behalf of the 
Commonwealth of Virginia, is pleased to submit this proposal for the designation of the Test Facility 
Consortium as a U.S. Department of Transportation (USDOT) Automated Vehicle Proving Ground. The 
Test Facility Consortium spans the Commonwealth and includes closed test beds, academic campus roads, 
an urban city center, and public roadways. In collaboration with USDOT, VDOT, and other key partners, 
VTTI actively uses these facilities for the development, evaluation, and deployment of automated vehicle 
systems with the goal of improving safety and mobility. In combination with VTTI’s research expertise in 
automated technologies and established relationships with relevant public and private-sector partners, the 
resources of the Test Facility Consortium make it an ideal entity for this designation.   


The Commonwealth of Virginia has selected VTTI to manage and lead the Test Facility Consortium due to 
the Institute’s vast experience in this field. VTTI is a research institute of Virginia Tech and the second 
largest university-level transportation institute in the U.S. Since its inception in 1988, VTTI has been at the 
forefront of advanced vehicular research and development, and the results of VTTI’s work have been 
translated into significant technology advancements and changes in public policies related to driver, 
passenger, and pedestrian safety. Currently, the development of vehicle automation is progressing at a rapid 
pace, with pre-deployment testing requiring complex scenarios and operational roadway environments. In 
response, VTTI has partnered with VDOT and the Virginia DMV to create state-of the-art facilities and 
processes that support automakers, suppliers, researchers, and government agencies working in the realm 
of automated vehicles. These partnerships have generated significant progress in the development, testing, 
and deployment of advanced and automated vehicle systems and led to the establishment of infrastructure 
throughout the Commonwealth to help accelerate automation. This existing infrastructure includes the 
Virginia Connected and Automated Corridors, which were initiated as a collaboration between VDOT and 
VTTI to speed the implementation of connected and automated vehicle systems. 


VTTI has studied advanced vehicular technology for over two decades; since 2001, VTTI has conducted 
more than $200 million of research and development related to advanced safety technology, including 
connected and automated vehicles. In recognition of these efforts, VTTI’s director, Dr. Tom Dingus, was 
honored by the White House as a Champion of Change in 2013. In the same year, VTTI unveiled the Center 
for Automated Vehicle Systems, which was created specifically to work collaboratively across the Virginia 
Tech campus and the Commonwealth to address issues related to the development and deployment of 
automated vehicles. In 2014, this center partnered with 32 team members to obtain up to $25 million in 
National Highway Traffic Safety Administration (NHTSA) funding over five years to conduct research in 
three key areas, one being vehicle automation. With partners VDOT, Texas A&M Transportation Institute, 
and San Diego State University, VTTI was also recently awarded a University Transportation Center (UTC) 
grant for a national center focused on disruptive technologies, with a particular emphasis on automation. In 
combination with VDOT’s commitment to technological innovation to enhance mobility and safety on the 
Commonwealth’s transportation network, VTTI’s expertise and experience in automated vehicle 
development and testing create the ideal environment for a successful proving ground. 


Test Facility Consortium 
As a collection of resources including closed test tracks, campuses, an urban city center, and open roads, 
the Test Facility Consortium is an ideal entity for designation as a USDOT Automated Vehicle Proving 
Ground. The cover image shows the locations of the primary Test Facility Consortium resources used by 
VDOT, VTTI, and their partners to test automated systems. These facilities are detailed below. 
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Virginia Automated Corridors 
In direct response to the March 2015 Governor’s Proclamation (see page 5) regarding automated vehicle 
testing in the Commonwealth of Virginia, in which the Commonwealth affirmed its support for VTTI’s 
research and commitment to the deployment of automated technologies on its roads, VTTI partnered with 
VDOT, Transurban, the Virginia DMV, and HERE (a high-definition mapping business) to launch the 
Virginia Automated Corridors (VAC). The VAC includes a challenging Northern Virginia roadway 
environment, including 48 miles of Interstates (Interstates 66, 495, and 95), 30 miles of arterials (U.S. 29 


and 50), and limited-access high-
occupancy toll lanes. The VAC is 
designed to support the work of 
those seeking to test automated 
vehicles and provide a system 
migration path from test tracks to 
public roadways. The varying 
roadway environments of the VAC 
promote multiple use-case scenarios 
that accommodate the testing of 
automated cars, trucks, and buses on 
freeways, express highways, and 
urban routes.  


 


Virginia Connected Corridors 
In late 2014, VTTI and VDOT launched the Virginia Connected Corridors (VCC), comprising the Virginia 
Smart Road and the Northern Virginia Connected Vehicle Test Bed. The latter covers Interstates 66 and 
495 and U.S. 29 and 50, widely considered to be among the most congested corridors in the U.S. The 
combined roadways and surrounding environment provide considerable transportation challenges that may 
be addressed and mitigated by advanced vehicle technology. The VCC is equipped with 57 roadside 
equipment units installed on both freeways, arterials, and the Smart Road. Arterial roadside units will soon 
be connected directly to intersection controllers and to a central control system to support the broadcast of 
signal phasing and timing data, which will facilitate the rollout of higher-level automated vehicles. VDOT, 
along with researchers from VTTI and its partners, have used this facility to implement 30 connected 
vehicle applications that can be used by a wide range of vehicles (e.g., passenger, transit, emergency 
vehicles, motorcycles) to provide a variety of information, including traveler information, lane closure 
alerts, work zone alerts, incident management, and merge management. The VCC infrastructure includes a 
developer-friendly, cloud computing environment that supports the development and deployment of third-
party applications; data exchange services; application program interfaces and reference applications for 
developers; support for the migration of applications from the Smart Road to public roadways; and 
instrumentation and data acquisition systems for the post-deployment safety assessments. 


Commonwealth of Virginia Roadways 
As indicated by the Governor’s proclamation shown below, the Commonwealth of Virginia is fully 
supportive of VTTI and VDOT in accelerating the deployment of vehicle automation, and Virginia is open 
for business when it comes to automated vehicles. VTTI has approval to use any Virginia roads for 
automated vehicle testing, and the VAC can be expanded to include any public Virginia roadway that 
satisfies test requirements.  Unlike many states, Virginia provides a wide variety of terrain and weather 


VTTI and its partners test automated and connected vehicles outside of 
Washington, D.C. as part of the Virginia Automated and Connected Corridors.  


Photo by Logan Wallace, Virginia Tech 







5 
 


conditions along with opportunities for rural, small-town, urban, and megacity driving.  These options 
provide the somewhat unique capability to test in many different combinations of conditions. 


Virginia Smart Road 


VTTI has successfully operated the Virginia Smart Road, a 2.2-mile closed test bed owned by VDOT, for 
over 16 years. During this time, the Smart Road has seen significant growth along with more than 26,000 
hours of research conducted by institute peers, automakers, suppliers, and government entities. The Smart 
Road is built to Federal Highway Administration interstate specifications and was created with the 
development and testing of advanced transportation systems in mind. The road has evolved across the years 
to answer the ever-changing needs of the transportation community and now features:  


• Ubiquitous dedicated short-range communications (DSRC) coverage with seven roadside 
equipment units  that enable vehicle-to-infrastructure communications 


• An optical fiber system that allows sensor and data acquisition access every 60 meters 
• A connected vehicle-compatible intersection with customizable signal controller 
• A differential GPS base station that allows cm-level positioning accuracy for all test vehicles  
• Built-in road features to allow crash avoidance research 


Governor’s proclamation affirming the support of the Commonwealth of Virginia for the development, 
testing, and deployment of automated vehicles under the leadership of VTTI.  
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• Seventy-five custom weather-making towers capable of producing myriad inclement weather 
scenarios (e.g., snow, rain, and fog)  


• A variable lighting section of roadway capable of reproducing approximately 95% of roadway 
lighting configurations found on U.S. highways 


The Smart Road is also a Federal Aviation 
Administration-approved unmanned aircraft 
systems test site, and Virginia Tech is actively 
engaged in the testing of automated systems in 
the air domain via the Mid-Atlantic Aviation 
Partnership and the Virginia Center for 
Autonomous Systems. In September 2016, 
Google X’s Project Wing tested Unnamed 
Aerial System (UAS) delivery services at 
VTTI. The Smart Road presents a unique 
opportunity to test UAS applications for 
transportation, including crash reconstruction, 
incident management, and bridge inspection. 


Planned Smart Road Expansions 
Surface Street Expansion (underway, expected completion date October 2017)  
In collaboration with VDOT, VTTI and Virginia Tech are in the process of building the Surface Street 
Expansion, a $3.5+ million facility that represents a partnership between academia, the Town of 
Blacksburg, Virginia Tech, and the Commonwealth of Virginia. The expansion will support the testing of 
multiple platforms, including automated vehicles and UASs. In combination with the existing Smart Road 
features and future endeavors (see below), the expansion will facilitate a full range of roadways, driving 
environments, and testing scenarios. Some key features and capabilities include: 


• Residential/suburban layouts (portable, reconfigurable buildings and other infrastructure elements) 
• Multiple actor (e.g., multiple vehicles, pedestrians, and cyclists) scenarios 
• Roundabout/stop-controlled intersections 
• Multiple merge areas 
• Automation-compatible pavement 


markings 
• Highway layouts 
• Signalized intersections with 


various geometries and numbers of 
lanes 


• Multiple parking and passenger 
pick-up/drop-off areas 


• Ubiquitous connectivity to 
backend computational networks 
via cellular and DSRC modes 


The facility will be secured from 
public access and monitored 24/7 by 
the Smart Road Control Room, thus 
naturally supporting work with early 
automation systems. The infrastructure will include cellular technology, WiFi, and DSRC throughout; a 


Planned December 2017 surface street expansion of the Virginia Smart Road on 
the campus of VTTI 


The Virginia Smart Road is equipped with weather-making towers 
capable of producing snow, rain, and fog 
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storage warehouse with secure vehicle storage; a large, flat paved area/skid pad (approximately 1100 feet 
long and five lanes wide); water supply for weather making; a vehicle dynamics area; towers for observers, 
cameras, antennae, and unmanned aerial vehicles; power for lighting and electric-vehicle charging; and an 
experimental prep area. 


Rural Roadway Expansion (expected completion date December 2018) 
Additional test tracks that include hilly and flat winding roads, interfering terrain, natural foliage, small 
bridges, narrow sections, off-road segments, and rural intersections are planned within a recently-purchased 
expansion to the Smart Road’s current right-of-way. The design and construction will be completed in 
consultation with current partners, future potential clients, and other stakeholders. The roadways will be 
built to older (e.g., 1965) standards to represent roads that are currently found in much of the nation and 
that present unique challenges for automated vehicles.  


Live Roadway Connector (under construction, expected completion date Spring 2017) 
A new roadway connector will link the Smart Road directly to U.S. 460 Business in Blacksburg, Virginia. 
With proper traffic control devices and protocols, this connector will allow VTTI to route test vehicles 
seamlessly from the live roadway onto the Smart Road; that is, researchers can test naïve driver-subjects in 
instrumented vehicles around Blacksburg and then route them, largely unknowingly, onto the Smart Road. 
This unique feature will allow the creation of a variety of scenarios, including long-duration driving and 
staged scenarios, to test advanced and automated safety features in complete safety.  In addition, the Live 
Roadway Connector will have a turn-around built at the far end, extending the length of the Interstate 
section of the Smart Road to 2.5 miles. 


Virginia Tech Campus 
As a research institute of Virginia Tech, VTTI and its partners can also use the Virginia Tech campus for 
the evaluation of automated systems. The campus of Virginia Tech encompasses approximately 2,600 acres 
and includes an expanding array of smart infrastructure along with a planned multi-modal transit facility, 
providing opportunities for the evaluation of automated transit.     


Two views of the planned Smart Road rural roadway expansion. Red: 1.67-mile loop with quick elevation changes, two bridges, 
and a level creek area. Orange: 1.4-mile loop with minimal elevation change, a 3,200-ft straightaway, and no bridges. Blue: 
Connector from the Smart Road bridge to the rural expansion. Vehicles can move continuously between all three sections. 
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Virginia International Raceway 
VTTI has an agreement with the Virginia 
International Raceway (VIR) to purchase 
track time at the facility for research. VIR 
offers four configurations, two of which 
can always be run simultaneously. VIR 
facilities include two separate paddocks 
with timing towers, covered bays, 
classroom/meeting spaces, restaurant, race 
fuel, pro shop, and restrooms with showers. 
During off-peak seasons, the entire facility 
can be closed to the public, allowing testing 
on the off-track grounds and the creation of 
a virtual test town.  


Crystal City Urban Testing Site 
Located adjacent to Reagan National Airport and 
Washington, DC, Crystal City is an automated vehicle 
proving ground specifically designed to test automation in 
a dense urban setting. Crystal City will provide an urban 
proof of concept for automated first- and last-mile 
connections that serve a diverse group of workers, 
residents, and visitors in a travel shed that encompasses a 
range of neighborhoods and employment centers in 
Virginia, Maryland, and DC. The Crystal City facility 
consists of nearly four miles of private underground and 
street-level roads along with below-ground parking 
facilities. The testing facilities are proximate to public 
roadways, a dedicated transitway, and curbside transit 
lanes. Military facilities including a base with a campus-
like environment provide additional opportunities for 
testing, demos, and pilots. With about two miles of 
underground roads and more than 12,000 below-ground parking spaces, this facility represents the 
challenges of connectivity in underground structures. Crystal City will serve as the Virginia test site for 
Olli, the self-driving shuttle developed by Local Motors, and provides an ideal environment for VTTI and 
VDOT to test automated shuttles, automated vehicle platooning, and parking systems for autonomous cars.  


Aerial view of the Virginia International Raceway 


Olli, Local Motors’ self-driving shuttle, to be tested at 
Crystal City. Source:  http://www.ibtimes.co.uk/meet-
olli-self-driving-3d-printed-mini-bus-controlled-by-
ibm-watson-that-talks-you-1565900 
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Eligibility Criteria 
Proposed Contributions 
 


The partnerships between VTTI, VDOT, the Virginia DMV and other entities within the Commonwealth 
allow for unparalleled research efforts. For example, VTTI has developed prototype infrastructure for real-
world testing to advance the communication of safety-relevant messages on I-66 and established a closed 
test track facility where a torrential downpour can be created to evaluate how new sensor technology 
performs during adverse weather conditions. VTTI researchers have demonstrated their leadership in the 
vehicle safety field for close to three decades. Research performed at VTTI has impacted regulations at 
national and international levels, and VTTI researchers are involved in multiple standard-developing 
organizations [e.g., the International Organization for Standardization (ISO) and the Society of Automotive 
(SAE) Engineers]. VTTI and its partners routinely perform research for the manufacturers and suppliers of 
new automated vehicle technologies. Moreover, VDOT and the Virginia DMV have partnered with VTTI 
to test the limits of new systems via safe experiments on public Interstates (e.g., Transurban’s dedicated 
lanes at I-395; see video example here: https://vimeo.com/142905461). The Commonwealth is also building 
automation-related communities of practice within Virginia, as evidenced by the strategic plan for 
automated vehicles, which is currently being developed by the Secretary of Transportation, the 
Commonwealth’s Transportation Board, and the Connected and Automated Vehicle Program at VDOT.  


VTTI’s Safety Board will provide relevant information to the Community of Practice designated for the 
Automated Vehicle Proving Grounds. Input from this Community of Practice is expected to be instrumental 
in optimizing established safety management plans and determining appropriate ways to access testing data 
and comply with the requirements for personally identifiable information. Our engagement with 
stakeholders, including international, federal, state, professional, and private organizations, will allow us to 
generate results with broad applicability. Furthermore, VTTI’s past and current research collaborations with 
the USDOT demonstrate a commitment to maintaining working relationships with the USDOT’s relevant 
research program offices. VTTI researchers routinely organize and participate in conferences, meetings, 
and joint research efforts related to vehicle automation and submit activity reports to USDOT on a monthly 
basis. 


Aerial views of the Crystal City urban testing facility for automated vehicles  



https://vimeo.com/142905461
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Commitment to Safety 
Safety is at the forefront of VTTI’s research and development efforts. Before involving participants in any 
study, the vehicles to be used are tested on a closed test track, and the experimental protocols are verified 
by both VTTI’s internal IRB and the Virginia Tech IRB. Trained researchers, engineers, and experimenters 
conduct preliminary testing to ensure that the vehicle or prototype system performs as expected. If needed, 
VTTI then works with the vehicle/system provided to make and document any necessary changes. All 
personnel accessing the test track facility are required to complete safety training (a class offered once a 
month or by appointment at VTTI). For on-road studies, test and prototype vehicles are driven by trained 
professionals through edge cases for the particular system of interest to ensure that it repeatedly performs 
as intended. All research vehicles are equipped with VTTI-developed data acquisition systems to record 
information about the circumstances that might trigger unintended responses. VTTI has deployed over 
5,000 research vehicles in a combination of test-track, on-road, and naturalistic studies without any breaches 
in safety.  


Research, Application and Data Sharing 
The Commonwealth of Virginia has a diverse geographic landscape, making it attractive for the real-world 
testing of true system capabilities. Virginia encompasses dense roadways (I-66; part of the VCC), safety-
critical areas such as the Pentagon, and windy roads that are at times deeply secluded and provide challenges 
related to connectivity (e.g., Blacksburg and Alton). To represent these varied conditions in a secured 
environment, we have developed testing scenarios that take advantage of the Virginia Smart Road, Surface 
Street Expansion (opening Dec. 2017), VIR, and portions of the VAC and VCC and designed experiments 
to ensure that prototype vehicles and systems can withstand the myriad of real-world conditions. In addition 
to conducting groundbreaking research related to the testing and deployment of automated vehicles, VTTI 
is implementing real solutions based on the findings of this research, both within the Commonwealth of 
Virginia and nationwide. The close collaboration between the Virginia Transportation Research Council 
and VTTI ensures that all the latest advances are recognized by the Commonwealth and adopted in a timely 
manner. Moreover, under the tenure of the current commissioner of the Virginia DMV [Richard Holcomb, 
also the past chair of the American Association of Motor Vehicle Administrators (AAMVA)], the Model 
State Policy (incorporated in USDOT Federal Automated Vehicle Policy) has been developed. 


Outreach efforts are an important component of VTTI’s research and development in the arena of vehicle 
automation. Some examples include the National Surface Transportation Safety Center for Excellence, past 
and current UTCs, including the new Safety Through Disruption UTC, and professional conferences 
organized and attended by VTTI and partnering organizations (e.g., the International Symposium on 
Naturalistic Driving Research, Automated Vehicle Symposium, Fatigue Management Conference, 
AAMVA annual meeting, World Congress on Intelligent Transport Systems, and other regional and 
national events). It is important to highlight the Virginia Governor’s Transportation Conference, an event 
that gathers agencies and stakeholders in one location to discuss various factors that will affect 
transportation in the short and long terms. Automated vehicle technology, policy implications, and other 
related topics have consistently been at the forefront of this event in the Commonwealth, with great support 
received from the state police, DMV, VDOT, and other agencies. 


VTTI is committed to developing, maintaining, and disseminating data and results so that they can be 
leveraged by other researchers, public agencies, and transportation professionals. The wealth of data 
collected during VTTI-led naturalistic driving studies are routinely made available for further analysis; for 
example, VTTI created the InSight website (https://insight.shrp2nds.us/) to provide access to data collected 
during the Strategic Highway Research Program NDS. In addition, VTTI has led ISO task forces focused 
on the standardization of automated vehicle and naturalistic driving research and assisted researchers and 
practitioners across the globe on how to effectively bridge gaps in existing data. VTTI intends to extend 



https://insight.shrp2nds.us/
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this commitment to data sharing to research conducted using the Test Facility Consortium. In addition, 
VDOT’s cloud-based data portal, scheduled for release in July 2017, will provide access to VDOT data 
generated using the Test Facility Consortium. 


Demonstrated Investments 
The Commonwealth of Virginia wants to ensure the safe future of highly automated vehicles. This high-
priority goal is demonstrated by its capital investments at VTTI, which include over $35M to date in the 
existing Smart Road infrastructure, $10 million for the new Surface Street Expansion in 2016 and 2017 (see 
pages 6–7), and Virginia Tech’s investment in programs and facilities to develop Intelligent Infrastructure 
for Human-Centered Communities (over $75 million dollars). At a higher level, VTTI strives to incentivize 
organizations to visit the Commonwealth and collaborate with institutions that are well-versed in safety 
implications; the Commonwealth of Virginia has already recognized VTTI as a leader in automated vehicle 
development and provided its full support in the evaluation of automated systems on the Commonwealth’s 
roads (as exemplified by the Governor’s proclamation on page 5). VTTI is also poised to become a leader 
in research on the regulatory challenges associated with automation; VTTI is leading an NCHRP effort in 
collaboration with AASHTO and AAMVA to evaluate the implications of automated vehicles on the motor 
vehicle code across the nation. Finally, as mentioned throughout this proposal, VTTI has completed and is 
currently carrying out a variety of studies designed to evaluate the feasibility of different automated vehicle 
technologies. 


Readiness 
The Virginia Smart Road, VIR, VAC, and VCC are currently active and used for research. The Smart Road 
surface expansion will be available by the end of 2017, and the rural roadway expansion will open in 2018. 
VTTI is currently engaged with all major automobile manufacturers, their suppliers, and other entities 
involved in the development of heavily automated vehicles. Currently, VTTI has seven active indefinite 
delivery/indefinite quantity (IDIQ) contracts with USDOT agencies (FHWA, FMCSA, NHTSA), and the 
contracts under these IDIQs involve more than 60 organizations (including vehicle manufacturers, 
suppliers, research organizations, and academic institutions). In addition, the newly awarded, VTTI-led 
UTC entitled Safety Through Disruption will soon open its doors and these facilities to a new generation of 
researchers. 


As discussed below, the Safety Officer will be the designated point of contact for the USDOT and all other 
organizations performing research using the Test Facility Consortium. VTTI’s annual reports already 
provide a means to communicate important information to the public. VTTI has also established a process 
to safely conduct testing on public roads; this process involves both internal and university Institutional 
Review Board (IRB) approval along with the engagement of relevant partner organizations (e.g., DMV and 
state police). 


Adherence to Laws, Regulations, and Federal Policy 
As attested by an impeccable record of safety in the development, testing, and evaluation of different vehicle 
technologies, VTTI has been successful at performing research with federal, state, and private partners in 
adherence to all existing laws and regulations. The Safety Board and VTTI/Virginia Tech IRBs will be 
instrumental to ensure that this record of safety continues through all future testing and research efforts. As 
the requirements for the Safety Assessment Letter to NHTSA are finalized (pending Office of Management 
and Budget approval), the documentation needed will be provided for the applicable sections of the 15 
safety assessment areas for highly automated vehicles. Moreover, VTTI is leading an effort for NCHRP in 
collaboration with AASHTO and AAMVA to evaluate the implications of automated vehicles on the motor 
vehicle code across the nation.  



https://vtnews.vt.edu/articles/2016/09/research-intel-infrastructure.html

https://vtnews.vt.edu/articles/2016/09/research-intel-infrastructure.html
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Safety Board and Safety Officer 
VTTI will provide a designated Safety Officer who will be 
responsible for VTTI’s safety management plan and serve as the 
designated point of contact with USDOT and with other 
organizations performing research using the Test Facility 
Consortium. The Safety Officer will participate in all 
Community of Practice regular quarterly meetings of Safety 
Officers and will report information from these meetings to the 
public through VTTI’s annual reports. In this way, the VTTI 
annual reports will be used to share VTTI’s approaches to safety 
and safety data generated through testing and operation. 


Before USDOT automation testing begins in studies that use 
public roads or naïve drivers/users, VTTI’s Safety Board and 
any other organizations deemed appropriate by the Safety Board 
(e.g., DMV, state police) will review the experimental protocol. 
All proposed testing will also be subjected to IRB review. VTTI 
has an internal IRB, and Dr. Suzie Lee, a Project Director within 
the Center for Data Reduction and Analysis Support at VTTI, 
also serves on Virginia Tech’s IRB. These resources help ensure 
the safety and compliance of all projects carried out using the 
Test Facility Consortium. 


VTTI’s Safety Board is comprised of safety experts from VTTI 
with relevant background (safety, mechanical, electrical, and 
systems engineering along with human factors and behavioral 
science) and representatives from each of the testing facilities. 
The board is led by Dr. Tom Dingus (chair) and Cathy McGhee 
(co-chair). Mrs. McGhee is the Director of the Virginia 
Transportation Research Council and responsible for all 
research at VDOT. The Safety Board will consult with IRBs as 
needed during experimental development and research. The 
Safety Officer, Liz White, will serve as the liaison between the 
board and the USDOT. Dr. Suzie Lee will serve as the IRB 
liaison.  


Key Impact Areas 


Automated Vehicles 
As mentioned earlier, in partnership with VDOT, VTTI has successfully operated facilities for testing 
advanced and automated vehicle systems for over 20 years and has already established infrastructure 
throughout the Commonwealth to realize these systems. VTTI has been supporting both government and 
private-sector stakeholders in the design and testing of advanced vehicular technology for over 20 years. 
VTTI’s automation-related work bridges numerous functional areas and is led by the Center for Automated 
Vehicle Systems (CAVS). VTTI’s CAVS applies an interdisciplinary approach to studying all aspects of 
the automation life cycle in the field of transportation. CAVS efforts are anchored in applied research and 
strengthened by collaborations with national and international partners in vehicle automation, including 
groups involved in research, planning, policy, and the production of automated vehicles. Examples of recent 
VTTI work in the automated vehicle realm are given below in the Sample Related Contracts Section. 
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Connected Vehicles 
VTTI has completed or is currently working on over 30 connected vehicle projects that involve vehicle-to-
vehicle, vehicle-to-infrastructure, and vehicle-to-device communications using both cellular technology 
and DSRC. The Center for Advanced Automotive Research (CAAR) at VTTI focuses on the research, 
development, and evaluation of next-generation automotive systems. CAAR works cooperatively with 
industry and governmental partners to solve complex transportation problems through technological 
advancement. The research performed under CAAR’s connected vehicle portfolio has given VTTI 
experience in simultaneously coordinating hundreds of participants among several sites during testing 
efforts. In addition, CAAR work has provided the foundation for the development of the complex scenarios 
that are needed to thoroughly evaluate advanced vehicle systems.  


Heavy Vehicle Research 
The Center for Truck and Bus Safety (CTBS) at VTTI focuses on the development and evaluation of heavy 
vehicle systems. CTBS designs, delivers, and implements leading-edge research and development efforts 
aimed at improving the health and safety of heavy-vehicle drivers. Connected and automated vehicle 
technologies are expected to be critical components in the future of heavy vehicle transit, and VTTI has 
studied applications of connectivity/automation in heavy vehicles, including truck platooning. VTTI has 
established key relationships with manufacturers and operators of heavy trucks, and the designation as an 
Automated Vehicle Proving Grounds will further assist with heavy vehicle research needs. 


Vulnerable Road Users 
Vehicle automation stands to usher in great advances in the safety and mobility of vulnerable road users. 
VTTI’s Center for Vulnerable Road User Safety conducts research and outreach to enhance safety for all 
vulnerable road users, including senior and teen drivers, bicyclists, and pedestrians. The Test Facility 
Consortium is expected to be instrumental in determining how vehicle automation can serve vulnerable 
populations in the future.   


Naturalistic Data Collection 
Although test-track and controlled-road 
experiments are valuable tools for the 
evaluation of automated systems, 
naturalistic driving studies (NDSs) on 
open roads are ultimately needed to 
evaluate and refine the next generation 
of automated technologies. VTTI is 
internationally known as a leader in 
NDSs and naturalistic data analysis. By 
using sophisticated in-vehicle cameras 
and instrumentation, NDSs provide 
researchers with immense amounts of 
data on real-world behavior. VTTI’s 
Center for Technology Development (CTD) produces and installs unobtrusive data acquisition systems 
(DASs) on a wide variety of vehicles to accomplish specific research objectives. VTTI also has a fleet of 
vehicles outfitted by an in-house team of engineers for the testing of connected and automated systems; 
these vehicles include a connected motorcycle and Cadillac SRX, an automated Cadillac SRX, and a 
recently purchased Lone Star tractor-trailer that will be equipped with an automated system in the near 
future. VTTI continues to develop vehicle-to-vehicle and vehicle-to-infrastructure capabilities as well as 
test-bed applications to accommodate the growing body of research in autonomous vehicle technologies.  


View of the unobtrusive instrumentation installed in VTTI’s automated 
Cadillac SRX 
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VTTI’s current DAS iterations include the Next Generation (NextGen) DAS, the MiniDAS, and the 
recently developed FlexDAS. The MiniDAS, which is ideal for large deployments, fits within a system 
roughly the size of a sandwich and enables naturalistic studies of all vehicle sizes operating on the roadway, 
from motorcycles and bicycles to tractor-trailers. FlexDAS provides more computational power for new 
automation sensing, algorithms, and control functions and can be configured to interface with the latest 
high-data-rate sensors. VTTI has successfully deployed thousands of DASs in a myriad of vehicles at sites 
throughout the U.S. and Canada. Through this experience, VTTI has become well-versed in planning and 
executing NDSs, and an experienced team of data reductionists and analysts is already in place to store, 
process, and interpret NDS data. These capabilities will prove invaluable in future naturalistic evaluations 
of automated systems.  


Sample Related Contracts (Recent and Ongoing) 
Mixed-Function Automation Naturalistic Driving Study 
VTTI is currently investigating real-world driver interaction with market-ready, mixed-function automation 
through an NDS. The vehicles being used in this study have the capability to simultaneously activate 
automated lateral and longitudinal functions, allowing drivers to operate the vehicle with their hands off 
the steering wheel and feet off the pedals for several seconds. VTTI will observe and evaluate how drivers 
operate five different commercially available vehicles equipped with mixed-function automation. Slated 
for completion in late 2017, this study will provide the first naturalistic data on the use of mixed-function 
automation, and the findings will support the identification and refinement of human factors requirements 
to encourage the safe operation of highly automated vehicles. 


Testable Cases and Scenarios for Highly Automated Vehicles 
VTTI was recently awarded a 16-month NHTSA contract to identify relevant automated vehicle functions, 
the operational domains in which these functions are expected to operate, and the behavioral component of 
the software that processes data to produce a response. This project will ultimately develop a set of 
preliminary objective tests or evaluation methods for automated vehicle systems. The findings are expected 
to be critical for the optimization and evaluation of next-generation automated vehicle systems in a wide 
variety of environments. 


Driver Expectations for System Errors and Crash Avoidance in Mixed-Function 
Automated Vehicles 
This recently awarded NHTSA project will use test-track facilities and a VTTI-customized vehicle to 
present different levels of automation quality to participants. The study will test the effects of different 
levels of user expectations for automation and the performance levels of automation on the secondary task 
involvement of users and their readiness to intervene. 


Implications of Automation for Motor Vehicle Codes 
This ongoing project sponsored by the Transportation Research Board aims to improve our understanding 
of how automated driving systems affect motor vehicle codes and help regulatory agencies adapt to the 
increasing prevalence of automated vehicles. Existing motor vehicle codes have been developed based on 
implicit assumptions about drivers maintaining continuous involvement in the driving task and continuous 
responsibility for managing traffic safety hazards. Automated driving systems significantly reduce the role 
of the driver, which means that some of these codes will need to be reconsidered. The incorporation of 
driving behavior into in-vehicle software also generates pressure to harmonize the rules of the road across 
jurisdictions. The results will provide state DOTs and DMVs with guidance and resources to handle the 
legal changes resulting from connected and automated vehicles.  
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Human Factors Evaluation of Level 2 and Level 3 Automated Driving Concepts 
In this NHTSA-sponsored project that ran from 2012 to 2015, VTTI investigated user interactions with 
Level 2 and Level 3 partially automated vehicles through three experiments using prototype partially 
automated vehicles on controlled test tracks in mixed traffic. Overall, the results indicated that effective 
human-machine interaction elements can help operators resume control of vehicles in a relatively short 
period of time. The operators also greatly trusted the capabilities of the automation before, during, and after 
they experienced it, with some evidence that trust decreased when automation failures occurred without an 
alert.  


Automated Vehicle Crash Rate Comparison Using Naturalistic Data 
This Google-commissioned project aimed to address various limitations in currently available data to 
definitively determine whether self-driving cars are more or less prone to crashes than traditional vehicles. 
VTTI examined national crash data and data from NDSs to estimate current crash rates and then compared 
the results to data from Google’s Self-Driving Car program. When controlling for unreported crashes and 
crash severity, the results suggested that the crash rates of self-driving cars operating in autonomous mode 
are lower than the national crash rate (3.2 vs. 4.2 crashes per million miles driven).  


Overview of Proprietary Work (L2–L4) 
VTTI’s outstanding facilities for the testing of advanced transportation systems have encouraged 14 of the 
major automobile manufacturers and many of their suppliers to work with the Institute to evaluate and 
develop their products. The center regularly works with NHTSA, automakers, and suppliers on proprietary 
projects that serve as a key step in automated vehicle development. For example, in 2014, VTTI’s Center 
for Automated Vehicle Systems partnered with 32 teaming members, including the Virginia Tech-based 
Virginia Center for Autonomous Systems, the Hume Center, TORC Robotics,  General Motors, and Google, 
to submit a successful proposal to NHTSA for up to $25 million across five years to research three key 
areas (electronics safe reliability, cybersecurity, and vehicle automation).  


Light-Vehicle Builds and Model Deployment Support for the Safety Pilot Program 
Through the Crash Avoidance Metrics Partnership, VTTI has supported all phases of the USDOT Safety 
Pilot Model Deployment, which aimed to accelerate the introduction and commercialization of connected 
vehicle systems designed to enhance safety. The Model Deployment program, which ran from 2010 to 
2013, comprised five major stages: device development, driver clinics, pre-model deployment testing, 
model deployment, and post-model deployment evaluation. VTTI equipped a wide variety of light vehicles 
with its custom DASs for the Model Deployment and worked with CAMP to develop testing protocols for 
the safety applications. VTTI also developed materials to train the drivers of the integrated vehicles for the 
Model Deployment. During the Deployment, VTTI monitored the condition of every vehicle and was 
responsible for collecting, storing, processing, and transferring data. VTTI also support CAMP in data 
analysis, driver clinics to evaluate driver acceptance of connected systems, and post-deployment 
decommissioning. 


Summary 
VDOT and VTTI are pleased to submit this proposal on behalf of the Commonwealth of Virginia. The Test 
Facility Consortium meets all the criteria necessary to be named as a USDOT Automated Vehicle Proving 
Ground. We are pleased to assist in moving the state of knowledge forward and collaborating in future 
efforts to develop methods for test-track, field operational tests, and naturalistic studies related to vehicle 
automation.  
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