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STATEMENT OF WORK 
 
The City of Ann Arbor will partner with The University of Michigan Transportation Institute 
(UMTRI) and its partners to accomplish the goals of the ATCMTD Smart Intersections project 
(SIP).  The project will deploy a network of 21 smart intersections along four corridors in Ann 
Arbor. The project will be executed in nine tasks. The City of Ann Arbor’s responsibilities and 
estimated time commitment for each task are delineated below.  
 
Task 1. Program Management (9 hours) 

 Participate in project meetings and coordinate infrastructure task assignments. 
 
Task 2. System Design (92 hours) 

 Provide design input on network integration, and smart intersection devices’ placement.  
 
Task 3. Preparation of Vehicle Fleets (0 hours) 

 City of Ann Arbor does not have assigned tasks in this category. 
 
Task 4. Infrastructure Preparation (879 hours) 

 Collect existing asset data.  
 Coordinate and deploy necessary changes to existing infrastructure to support the smart 

intersection project. 
 For each of the 21 smart intersections, UMTRI will procure all devices and associated 

hardware (e.g., POEs) that will not be provided by other project partners. 
 
Task 5. Deployment Testing (525 hours) 

 Test smart intersection devices for field installation. Prepare and pre-program devices 
prior to field installation. 

 
Task 6. Deployment and Analysis (1,331 hours) 

 Deploy firewall to accommodate the smart intersection network communication needs. 
 

 Remove existing RSU devices where applicable and install dual mode RSU at project 
locations. 

 
 Prepare and install smart sensors with edge computing. 

 
 Test transit signal priority, emergency vehicle preemption, dynamic signal optimization 

with green wave advisory, and vulnerable road user notification. 
 
Task 7. Advanced V2X Technology Living Laboratory (0 hours) 

 City of Ann Arbor does not have any additional assigned tasks in this category (tasks 
completed under Task 6 will equip the intersections that will comprise the living lab with 
devices and get them deployed on the City’s network). 
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Task 8. Outreach (30 hours) 
 Assist project team in outreach. 

 
Task 9. Implementation Plan (78 hours) 

 Provide input in the development of implementation guide for infrastructure owner 
operators. 
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Name* Project Role Hourly 
Rate Hrs Amt Hrs Amt Hrs Amt Hrs  Amt Hrs Amt Hrs Amt Hrs Amt Hrs Amt Hrs Amt Hourly 

Rate Hrs Amount

Braun, K. Fiber/Communications Tec Varied 0 0 36 1,341 0 0 240 8,939 120 4,461 400 15,047 0 0 6 226 3 113 Varied 805 30,126

Fischer, D. Electrician Varied 0 0 0 0 0 0 40 1,491 18 666 56 2,111 0 0 0 0 3 113 Varied 114 4,381

Fojtik, C. Supervisor Varied 0 0 7 340 0 0 48 2,327 40 1,951 48 2,345 0 0 3 148 3 148 Varied 146 7,258

Gurnee, P. Electrician Varied 0 0 0 0 0 0 40 1,052 18 470 56 1,490 0 0 0 0 3 80 Varied 114 3,092

Henderson, J. Electrician Varied 0 0 0 0 0 0 40 1,052 18 470 56 1,490 0 0 0 0 3 80 Varied 114 3,092

Hogan, S. Electrician Varied 0 0 0 0 0 0 40 1,158 18 517 56 1,638 0 0 0 0 3 88 Varied 114 3,401

Longworth, S. Electrician Varied 0 0 0 0 0 0 40 1,316 18 588 56 1,863 0 0 0 0 3 100 Varied 114 3,867

Michelson, A. Electrician Varied 0 0 0 0 0 0 40 1,158 18 517 56 1,638 0 0 0 0 3 88 Varied 114 3,401

Moreno, M Electrician Varied 0 0 0 0 0 0 40 1,246 18 557 56 1,764 0 0 0 0 3 94 Varied 114 3,661

Osborne, J. Electrician Varied 0 0 0 0 0 0 40 1,052 18 470 56 1,490 0 0 0 0 3 80 Varied 114 3,092

Sype, J. Electrician Varied 0 0 0 0 0 0 40 1,420 18 634 56 2,009 0 0 0 0 3 107 Varied 114 4,170

Tomich, J. Electrician Varied 0 0 0 0 0 0 40 1,455 18 650 56 2,060 0 0 0 0 3 110 Varied 114 4,275

VanStone, D. Electrician Varied 0 0 0 0 0 0 40 1,187 18 530 56 1,680 0 0 0 0 3 90 Varied 114 3,487

Hess, R. Transportation Manager Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0

Hupy, C. Public Services Area Adm Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0

Liu, L. Engineer Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0

Shewchuk, T. ITSD Director Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0

Harris, D. Network Administration Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Total Salaries 0 0 43 1,681 0 0 728 24,855 358 12,480 1,064 36,624 0 0 9 373 39 1,289 2,205 77,302
Sick/Vacation/Holiday (POOL) 0% 0 0 0 0 0 0 0 0 0 0

Fringes Benefits (Permanent Staff) 67% 0 1,126 0 16,653 8,362 24,538 0 250 863 51,793

FICA (Temps) 0.00% 0 0 0 0 0 0 0 0 0 0

Subtotal Labor 0 2,807 0 41,508 20,842 61,162 0 623 2,152 129,095

Equipment 
0 0 0 0 0 0 0 0 0 0

Subtotal Equipment 0 0 0 0 0 0 0 0 0 0

Subcontract Partners
City of Ann Arbor 0 0 0 0 0 0 0 0 0 0
Continental 0 0 0 0 0 0 0 0 0 0
Ford 0 0 0 0 0 0 0 0 0 0
ISS 0 0 0 0 0 0 0 0 0 0
Iteris 0 0 0 0 0 0 0 0 0 0
P3 Mobility 0 0 0 0 0 0 0 0 0 0
Qualcomm 0 0 0 0 0 0 0 0 0 0
WSP 0 0 0 0 0 0 0 0 0 0

0
Subtotal Subcontract Partners 0 0 0 0 0 0 0 0 0 0

Other Direct Costs
Aparatus

1801 2016 Ingersoll Rand 12.72    0 0 0 509 254 712 0 0 0 1,476
4240 2009 Dodge Caravan 15.76    0 0 0 0
4242 2014 Ford F-150 XL 7.91      0 0 0 506 158 475 0 0 0 1,139
4248 2006 GMC C-1500 7.88      504 158 756 1,418
4271 2016 Ford F-250 4X2 8.78      0 0 0 562 176 527 0 0 0 1,264
4364 Cable Teel Trailer 8.34      0 0 0 0 0 0 0 0 0 0
4405 2001 Reel Trailer 4.80      0 0 0 883 134 653 0 0 0 1,670
4406 2013 Tech Trailer 9.50      0 0 0 228 152 228 0 0 0 608
4410 2007 Triple L Trailer 9.55      0 0 0 0 0 0 0 0 0 0
4417 Felling Equipment Trailer 2.65      0 0 0 0 0 0 0 0 0 0
4505 2013 Dump Truck 15.18    0 0 0 364 243 364 0 0 0 972
4603 2000 Ford F-750 25.95    0 0 0 11,418 4,775 7,266 0 0 0 23,459
4604 2018 Freighliner 23.23    0 0 0 10,221 2,788 5,575 0 0 0 18,584
4612 Platform Truck 10.24    0 0 0 2,785 1,229 1,966 0 0 0 5,980
4616 Bucket Truck 25.82    0 0 0 2,479 1,859 3,718 0 0 0 8,056
4617 2011 Ford F-750 31.55    0 0 0 1,514 1,767 7,951 0 0 0 11,232
4644 Freightliner Digger Derrick 59.31    0 0 0 0 0 0 0 0 0 0
4783 Compact Excavator 14.48    0 0 0 1,274 232 579 0 0 0 2,085
6298 GMC Sierra 4x4 9.21      0 0 0 0 0 0 0 0 0 0

General Supplies 0 0 0 0 0 0 0 0 0 0
Misc Supplies 0 0 0 0 0 0 0 0 0 0

0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Subtotal Other Direct Costs 0 0 0 33,249 13,924 30,770 0 0 0 77,943

Travel 0
Washington, DC 0 0 0 0 0 0 0 0 0 0
Local Transportation 0 0 0 0 0 0 0 0 0 0
Conference (various locations) 0 0 0 0 0 0 0 0 0 0
Subtotal Travel Costs 0 0 0 0 0 0 0 0 0 0

Total Direct Cost 0 2,807 0 74,757 34,766 91,933 0 623 2,152 207,038

Indirect Costs 81.0% 0 2,274 0 60,553 28,160 74,466 0 505 1,743 167,701

Estimated Total Cost 0 5,081 0 135,309 62,926 166,398 0 1,128 3,895 374,738

Cost Share Amount 0 0 0 0 0 0 0 0 0 0

TOTAL PROJECT COSTS 0 5,081 0 135,309 62,926 166,398 0 1,128 3,895 374,738

Double check >> 374,738

Task 8:  
Outreach

TOTAL BUDGET
1/1/21 - 12/31/23

University of Michigan Transportation Research Institute
to USDOT - Federal Highway Administration for NOFO 693JJ320NF00010

"Advanced Transportation and Congestion Management Technologies Deployment Initiative"

TOTAL FEDERAL BUDGET Task 1: 
Program 

Management

Task 2:  
Planning

Task 3:  
Preparation of 
Vehicle Fleets

Task 4:  
Infrastructure 
Preparation

Task 5:  Pre-
Deployment 

Testing

Task 6:  
Deployment 
and Analysis

Task 7:  NR-
CV2X Research 

Hub

Task 9:  
Implementation 

Guide
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Name* Project Role Hourly 
Rate Hrs Amt Hrs Amt Hrs Amt Hrs  Amt Hrs Amt Hrs Amt Hrs Amt Hrs Amt Hrs Amt Hourly 

Rate Hrs Amount

Braun, K. Fiber/Communications Tec Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Fischer, D. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Fojtik, C. Supervisor Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Gurnee, P. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Henderson, J. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Hogan, S. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Longworth, S. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Michelson, A. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Moreno, M Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Osborne, J. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Sype, J. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Tomich, J. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
VanStone, D. Electrician Varied 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Varied 0 0
Hess, R. Transportation Manager Varied 3 148 4 195 0 0 7 340 4 195 8 391 0 0 6 295 6 295 Varied 38 1,859
Hupy, C. Public Services Area Admin Varied 3 219 3 219 0 0 4 290 3 219 3 219 0 0 6 438 3 219 Varied 25 1,822
Liu, L. Engineer Varied 3 140 14 643 0 0 44 2,009 36 1,664 88 4,127 0 0 3 140 10 468 Varied 198 9,190
Shewchuk, T. ITSD Director Varied 0 0 8 554 0 0 24 2,470 36 2,494 24 1,674 0 0 3 209 10 702 Varied 117 8,102
Harris, D. Network Administration Varied 0 0 20 983 0 0 60 2,958 88 4,381 144 7,228 0 0 3 151 10 505 Varied 325 16,205
Total Salaries 9 506 49 2,594 0 0 151 8,066 167 8,954 267 13,638 0 0 21 1,232 39 2,189 703 37,180
Sick/Vacation/Holiday (POOL) 0% 0 0 0 0 0 0 0 0 0 0

Fringes Benefits (Permanent Staff) 67% 339 1,738 0 5,404 5,999 9,138 0 826 1,466 24,910

FICA (Temps) 0.00% 0 0 0 0 0 0 0 0 0 0

Subtotal Labor 845 4,333 0 13,471 14,952 22,776 0 2,058 3,655 62,090

Equipment 
0 0 0 0 0 0 0 0 0 0

Subtotal Equipment 0 0 0 0 0 0 0 0 0 0

Subcontract Partners
City of Ann Arbor 0 0 0 0 0 0 0 0 0 0
Continental 0 0 0 0 0 0 0 0 0 0
Ford 0 0 0 0 0 0 0 0 0 0
ISS 0 0 0 0 0 0 0 0 0 0
Iteris 0 0 0 0 0 0 0 0 0 0
P3 Mobility 0 0 0 0 0 0 0 0 0 0
Qualcomm 0 0 0 0 0 0 0 0 0 0
WSP 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0
Subtotal Subcontract Partners 0 0 0 0 0 0 0 0 0 0

Other Direct Costs
Tuition Waiver
2 Semesters, 1 GSRA pre-candidate 0 0 0 0 0 0 0 0 0 0
Respondent/Subject Fees 0
Participant Compensation 0 0 0 0 0 0 0 0 0 0
Research Supplies 0
Vehicle Insurance 0 0 0 0 0 0 0 0 0 0
Vehicle Fuel and Maintenance 0 0 0 0 0 0 0 0 0 0
RSUs with Wi-Fi 0 0 0 0 0 0 0 0 0 0
NEMA Pole Mounts 0 0 0 0 0 0 0 0 0 0
Vision Detection Pole System 0 0 0 0 0 0 0 0 0 0
Contro ler Cabinet 0 0 0 0 0 0 0 0 0 0
Lock for Controller Cabinet 0 0 0 0 0 0 0 0 0 0
PoE Switch 0 0 0 0 0 0 0 0 0 0
Power Supply 0 0 0 0 0 0 0 0 0 0
Ecom PtP Radios 0 0 0 0 0 0 0 0 0 0
iboot 0 0 0 0 0 0 0 0 0 0
Misc. Pole Mount and Mast Arm Hardware 0 0 0 0 0 0 0 0 0 0
Misc. Cables and Connectors 0 0 0 0 0 0 0 0 0 0
Misc. Research Supplies 0 0 0 0 0 0 0 0 0 0
Misc. Supplies for Subject Vehicle Repairs 0 0 0 0 0 0 0 0 0 0
Turbo Research Storage 0 0 0 0 0 0 0 0 0 0
General Supplies 0
General Supplies 0 0 0 0 0 0 0 0 0 0
Computers under $5k 0 0 0 0 0 0 0 0 0 0
Marketing Supplies and Materials 0 0 0 0 0 0 0 0 0 0
Fedex/UPS Charges 0 0 0 0 0 0 0 0 0 0
Telephone Expenses 0
Data Lines - Vehicles 0 0 0 0 0 0 0 0 0 0
Merit Line - Bandwidth (UM to City) 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0

Subtotal Other Direct Costs 0 0 0 0 0 0 0 0 0 0

Travel
Washington, DC 0 0 0 0 0 0 0 0 0 0
Local Transportation 0 0 0 0 0 0 0 0 0 0
Conference (various locations) 0 0 0 0 0 0 0 0 0 0
Subtotal Travel Costs 0 0 0 0 0 0 0 0 0 0

Total Direct Cost 845 4,333 0 13,471 14,952 22,776 0 2,058 3,655 62,090

Indirect Costs 81.0% 685 3,509 0 10,911 12,111 18,448 0 1,667 2,960 50,293

Estimated Total Cost 1,530 7,842 0 24,382 27,064 41,224 0 3,725 6,615 112,383

Cost Share Amount 0 0 0 0 0 0 0 0 0 0

TOTAL PROJECT COSTS 1,530 7,842 0 24,382 27,064 41,224 0 3,725 6,615 112,383

Double check >> 112,383

University of Michigan Transportation Research Institute
to USDOT - Federal Highway Administration for NOFO 693JJ320NF00010

"Advanced Transportation and Congestion Management Technologies Deployment Initiative"

Task 6:  
Deployment 
and Analysis

Task 7:  NR-
CV2X Research 

Hub

Task 8:  
Outreach

TOTAL BUDGET
1/1/21 - 12/31/23

Task 5:  Pre-
Deployment 

Testing

TOTAL COST SHARE BUDGET Task 1: 
Program 

Management

Task 2:  
Planning

Task 3:  
Preparation of 
Vehicle Fleets

Task 4:  
Infrastructure 
Preparation

Task 9:  
Implementation 

Plan
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City of Ann Arbor – Budget Justification 

 
Salaries and Wages - 
R. Hess, Transportation Manager and Project Head for the City of Ann Arbor, will oversee all aspects of 
the project.  Mr. Hess will hold meetings, and coordinate with the University of Michigan. 
 
K. Braun, Fiber/Communications Technician, will devote 16% of his effort per year, each year of the 
project.  Mr. Braun will oversee the fiber installations. 
 
C. Fojtik, Supervisor, will devote 4% effort per year, each year of the project.  Mr. Fojtik will be 
responsible for supervising the Electricians effort on the project. 
 
Electricians (10) will devote 2% effort each, per year, each year of the project.  These electricians will be 
essential to installing and maintaining devices on City-owned property.   
 
 
Fringe benefits are calculated at 67% for permanent staff. 
 
 
Other Direct Costs- 
The use of large equipment will be essential to complete the proposed work.  The City of Ann Arbor will 
use established billable rates for this large equipment.  Such equipment includes but is not limited to, 
Ingersoll Rand, reel trailer, tech trailer, dump truck, bucket truck, digger derrick, compact excavator, 
platform truck, semi-truck and other various sized vehicles. 
 
 
Indirect costs are calculated at 81% of the total direct costs. 
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Figure 6:  Smart Intersections Project Schedule
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B-1

HENRY X. LIU, PH.D.
Phone: 734-764-4354, Email: henryliu@umich.edu

Dr. Henry Liu is a tenured Professor of Civil and Environmental Engineering at the University of 
Michigan, Ann Arbor. He is also a Research Professor at the University of Michigan Transportation 
Research Institute and the Director for the Center for Connected and Automated Transportation 
(USDOT Region 5 University Transportation Center). Liu received his Ph.D. degree in Civil and 
Environmental Engineering from the University of Wisconsin at Madison in 2000 and his B.S. degree 
in Automotive Engineering from Tsinghua University (China) in 1993. Prof. Liu conducts 
interdisciplinary research at the interface between civil and mechanical engineering. Specifically, his 
scholarly interests concern traffic flow monitoring, modeling, and control, as well as testing and 
evaluation of connected and automated vehicles. He has published more than 100 refereed journal 
papers and his publications have been citied over 6000 times according to Google Scholar Citations. 
Prof. Liu is also one of the top 50 leading authors in the past 50 years (1969-2019) in the prestigious 
Transportation Research journal. Dr. Liu is the managing editor of Journal of Intelligent 
Transportation Systems and an associate editor of Transportation Research Part C.  

Education

B.S. in Automotive Engineering, Tsinghua University, P. R. China, 1993
Ph.D. in Civil and Environmental Engineering, University of Wisconsin at Madison, 2000

Positions/Employment

Director, Center for Connected and Automated Transportation, University of Michigan, Nov.2016 –
Present
Professor (with Tenure), University of Michigan, Ann Arbor, September 2014 – Present
Research Professor, University of Michigan Transp. Research Institute, September 2014 – Present
Associate Professor (with Tenure), University of Minnesota, August 2011 – August 2014
Assistant Professor, University of Minnesota, August 2005 – July 2011
Assistant Professor, Utah State University, August 2003 – July 2005
Postdoctoral Researcher, University of California, Berkeley, August 2000 – July 2003
Part-Time Lecturer, University of Southern California, January 2002 – May 2003                                              
Graduate Research Assistant, University of Wisconsin at Madison, August 1997 – July 2000
Assistant Engineer, Changchun Automotive Research Institute, China, August 1993 – July 1995  

Research Interests

Dynamic modeling and simulation of traffic system, including traffic flow theory and network 
traffic assignment;
Traffic control system design and optimization;
Cyber-physical transportation systems, including connected vehicle applications, eco-driving and 
vehicle powertrain management. 
Testing and evaluation of connected and automated vehicles

Professional Activities 

2016 – Present Managing Editor, Journal of Intelligent Transportation Systems
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2011 – Present  Associate Editor, Transportation Research Part C: Emerging Technologies 
 
Recent Research Grants and Contracts 

1. Project Title: USDOT Region 5 University of Transportation Center: Center for Connected 
Automated Transportation 

Funding Agency: US Department of Transportation, PI: H. Liu , Total Funding: ~$13,000,000 
Duration: October 2016  –  September 2022 
 

2. Project Title: On-Road Motor Vehicle Assessment Methods 
Funding Agency: National Highway Traffic Safety Administration, PI: C. Flannagan (Co-PI: D. 
LeBlanc and Y. Feng of UMTRI, and H. Liu of CEE) 
Total Funding: ~$1,047,106, Duration: October 2019  –  January 2022 
 

3. Project Title: Energy Impact of Connected and Automated Vehicle Technologies  
Funding Agency: US Department of Energy, PI: H. Peng (Co-PI: D. LeBlanc, H. Liu, J. Sayer) 
Total Funding: $2,600,000, Duration: October 2015  –  December 2018 
 

Recent Refereed Journal Articles  

1. Feng S., Feng Y., Yan, X., Shen, S., Xu, S., Liu, H.X. (2020) Safety assessment of highly 
automated driving systems in test tracks: A new framework, Accident Analysis and Prevention, 
144, https://doi.org/10.1016/j.aap.2020.105664. 

2. Li, W.,Ban, J.X., Zheng, J.F., Liu, H.X., Gong, C., and Li, Y. (2020) Real-Time Movement-Based 
Traffic Volume Prediction at Signalized Intersections, ASCE Journal of Transportation 
Engineering, Part A: Systems, 146 (8), DOI: 10.1061/ JTEPBS.0000384.  

3. Feng S., Feng Y., Yu, C., Zhang Y., and Liu H.X. (2020). Testing Scenario Library Generation 
for Connected and Automated Vehicles, Part I: Methodology. IEEE Transactions on Intelligent 
Transportation Systems, DOI: 10.1109/TITS.2020.2972211. 

4. Feng S., Feng Y., Sun, H.W., Bao, S., Zhang Y., and Liu H.X. (2020). Testing Scenario Library 
Generation for Connected and Automated Vehicles, Part II: Case Studies. IEEE Transactions on 
Intelligent Transportation Systems, DOI: 10.1109/TITS.2020.2988309. 

5. Wang X., Shen S., Feng Y., Bezzina D., Sayer J., and Liu H.X. (2020). A Data Infrastructure for 
Connected Vehicle Applications. Transportation Research Record, Accepted. 

6. Zhao, Y., Zheng, J., Wong, W., Wang, X., Meng, Y., & Liu, H. X. (2019). Estimation of queue 
lengths, probe vehicle penetration rates, and traffic volumes at signalized intersections using 
probe vehicle trajectories. Transportation Research Record, 2673(11), 660-670. 

7. Yu, C., Sun, W., Liu, H. X., & Yang, X. (2019). Managing connected and automated vehicles at 
isolated intersections: From reservation-to optimization-based methods. Transportation Research 
Part B: Methodological, 122, 416-435. 

8. Feng, S., Sun, H., Zhang, Y., Zheng, J., Liu, H. X., & Li, L. (2019). Tube-based discrete controller 
design for vehicle platoons subject to disturbances and saturation constraints. IEEE Transactions 
on Control Systems Technology. DOI: 10.1109/TCST.2019.2896539. 

9. Wong W., Shen S., Zhao Y. and Liu, H. X. (2019). On the estimation of connected vehicle 
penetration rate based on single-source connected vehicle data. Transportation Research Part B: 
Methodological 126, 169-191. 

10. Yu, C., Feng, Y., Liu, H. X., Ma, W., & Yang, X. (2019). Corridor level cooperative trajectory 
optimization with connected and automated vehicles. Transportation Research Part C: Emerging 
Technologies, 105, 405-421.  
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NAME James Richard Sayer 
 

TITLES Director and Research Scientist, UMTRI 
Adjunct Professor, Civil and Environmental Engineering 
 

EDUCATION Ph.D., Industrial and Systems Engineering, Virginia Tech, 1993 
M.S., Industrial and Systems Engineering, Virginia Tech, 1991 
B.S., Biopsychology, The University of Michigan, 1988 
 

RESEARCH INTERESTS 
Dr. Sayer conducts both basic and translational research in the areas of advanced 
vehicle safety systems, human interaction with highly automated vehicles, 
connected vehicle and infrastructure technology, naturalistic driving behavior, 
driver distraction, and pedestrian safety.  His research findings are utilized by 
vehicle manufacturers and suppliers in support of the design, development, and 
deployment of safety technologies, as well as by government agencies in 
establishing policies and regulations related to vehicle safety technologies, driver 
behavior, and the deployment of connected vehicle technology.  Dr. Sayer was the 
lead architect of the autonomous and connected vehicle test facility known as Mcity 
(2013 – 2015) having conceived of, designed, and overseen its construction.  Dr. 
Sayer has served as the Principal Investigator of the Ann Arbor Connected 
Environment (2019 – 2020), the U.S. DOT’s Ann Arbor Connected Vehicle Test 
Environment (2015 – 2019), and U.S. DOT’s Connected Vehicle Safety Pilot Model 
Deployment program (2011 – 2015).   
  
EMPLOYMENT 

2016 – Present: Director of UMTRI 
2014 – Present: Adjunct Professor of Civil and Environmental 

Engineering, The University of Michigan 
2013 – 2016: Deployment Director, Michigan Mobility 

Transformation Center (Mcity), The University of 
Michigan 

2012 – 2016: Research Scientist, Group Head, The University of 
Michigan Transportation Research Institute, 
Human Factors Group 

2008 – 2012: Associate Research Scientist, The University of 
Michigan Transportation Research Institute, 
Human Factors Division 

1993 – 2008: Assistant Research Scientist, The University of 
Michigan Transportation Research Institute, 
Human Factors Division 
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RELATED SERVICE COMMITMENTS 
2018 – 2020: Member of the Autonomous and Shared Mobility 

Forum, Transportation Research Board 
2018 – 2019: State of Michigan Mobility Steering Committee 
2017 – Present: Chair, Institutional Autonomous Systems 

Committee, University of Michigan Mobility 
Coordinating Committee 

2009 – 20011: Chair, UM Behavioral Sciences Institutional 
Review Board 

RELATED SPNSORED RESEARCH EFFORTS 
Investigation into U.S. Real-World Lane Change Behavior for 

Automated Freeway Driving, Principal, Investigator Ford-
University of Michigan Alliance (2016), Awarded $199,247 
over 1.5 years. 

Energy Impact of Connected and Automated Vehicle Technologies, 
Co-Principal Investigator, U.S. Department of Energy (2015), 
Awarded $343,788 over 3 years. 

Ann Arbor Connected Vehicle Test Environment, Principal 
Investigator, Federal Highway Administration, U.S. DOT, 
(2015), Awarded $9 million in Federal funds, with an 
additional $6.7 million in cost share over 3 years. 

Connected Vehicle Safety Pilot Model Deployment, Principal 
Investigator, Federal Highway Administration, U.S. DOT, 
(2011), Awarded $25.5 million in Federal funds, with an 
additional $5.5 million in cost share over 3 years. 

Integrated vehicle-based safety systems program field operational 
test (IVBSS FOT). Principal Investigator. National Highway 
Traffic Safety Administration (2005). Awarded $25.3 million in 
Federal funds, with an additional $7.1 million in cost share, 
over 5.5 years.  

An intelligent vehicle initiative road departure crash warning 
system field operational test (RDCW FOT). Co-Principal 
Investigator. Federal Highway Administration (2001). Awarded 
$18.1 million over 3 years.  

 

RELATED PUBLICATIONS 
Yu, B., Bao, S., Feng, F., & Sayer, J.R., (2019). Examination and 

prediction of drivers’ reaction when provided with V2I 
communication-based intersection maneuver strategies. 
Transportation Research Part C: Emerging Technologies, 106, 
17-28. 

Jones, M.L.H, Sienko, K., Ebert, Hamilton, S., Kinnaird, C, Miller, 
C. Lin, B., Park, B.K., Sullivan, J., Reed, M.P., and Sayer, J.R. 
(2018).    Development  of  a  Vehicle Based  Experimental  
Platform  for  Quantifying  Passenger  Motion Sickness during 
Test Track Operations. SAE Technical Paper, 2018-01-0028. 
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Jermakian, J. S., Bao, S., Buonarosa, M. L., and Sayer, J. R. 
(2017). Effects of an integrated collision warning system on 
teenage driver behavior. The Journal of Safety Research, 61, 65-
75. 

Bezzina, D., & Sayer, J. R. (2015, June). Safety pilot model 
deployment: Test conductor team report. (Report No. DOT HS 
812 171). Washington, DC: National Highway Traffic Safety 
Administration. 

Sayer, J. R., David J. LeBlanc, Scott E. Bogard,  Dillon S. 
Funkhouser,  Shan Bao, Mary Lynn Buonarosa, and Adam D. 
Blankespoor. Integrated Vehicle-Based Safety Systems (IVBSS) 
Field Operational Test Final Program Report, University of 
Michigan Transportation Research Institute (UMTRI), Ann 
Arbor, MI. Sponsored by U.S. Department of Transportation, 
Research and Innovative Technology Administration, ITS Joint 
Program Office, Washington, D.C., June 2011. DOT HS 811 482, 
UMTRI-2010-36. 
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 Performing significant industry outreach in the way of numerous public speaking 
engagements and connected vehicle demonstrations 

 Employing generally accepted Program Management principles (PMBOK) to initiate, plan, 
execute, monitor and control, and close the overall program. 

 Lessons learned from this project were incorporated into industry standards including RSU 
4.1, SAEJ2935, SAEJ2945, and IEEE1609.x.  This project also was the starting point for 
the production SCMS system developed by CAMP and stood up by Green Hills (ISS). 

 Results from this project from this project were used to write: 
o FHWA-JPO-16-363 - Safety Pilot Model Deployment  Lessons Learned and 

Recommendations for Future Connected Vehicle Activities 
o DOT HS 812 222 - Independent Evaluation of Light-Vehicle Safety Applications 

Based on Vehicle-to-Vehicle Communications Used in the 2012–2013 Safety Pilot 
Model Deployment 

 SPMD results led to the Notice of Proposed Rulemaking for FMVSS 150, making V2V 
technologies standard on all new vehicles (Docket No. NHTSA–2016–0126). 

 
MAINTAIN, OPERATE AND SUSTAIN THE ANN ARBOR CONNECTED VEHICLE TEST 
ENVIRONMENT (AACVTE). Mrs. Bezzina continued her role as Senior Program Manager to 
transition from a model deployment to an early operational deployment. In additional to the 
continuing roles for SPMD above, Debby and her team have been very active in the industry to lead 
efforts to implement the changing DSRC standards. All of the equipment from the Safety Pilot 
Model Deployment was decommissioned and replaced with new hardware that meets the 2016 
industry standards. The AACVTE will expand the infrastructure footprint from 25 sites in Northeast 
Ann Arbor to 75 sites encompassing all of Ann Arbor (27 square miles). Additionally, 2500 DSRC-
equipped vehicles are deployed. AACVTE is the first fully compliant real-world DSRC deployment 
that interfaces with the Production Security Credential Management System and is the standard for a 
national deployment. During this project, Bezzina has participated in approximately 350 outreach 
engagements and technical exchanges.  The outreach activities include events with academia, 
government, industry, and media.  The events range from STEM activities for youth to adult 
enrichment for seniors.  We have held workshops for the CV pilots to download our knowledge of 
an operational connected environment to feed into their concept of operations, scope, and master 
schedules.   
 
CENTER FOR CONNECTED AND AUTOMATED TRANSPORTATION (CCAT).  As the Managing 
Director of CCAT, I have developed the process and criteria for awarding $2.7M annually for 
research for connected and automated vehicles, infrastructure, and mobility.  I have also developed 
the CCAT technology transfer plan including metrics and the establishments of the technology 
advisory board.  The board is made up of executives from industry, government, and academia.  The 
board advises CCAT on what research should be conducted and reviews all of the proposals for 
merit and technology transfer propensity.  In addition to funding much needed research, CCAT also 
has strong ties to leadership development. I have supported student chapters by arranging for 
industry experts to speak at lunch-and-learn meetings and have also sponsored several students to 
attend the TRB annual meeting. 

 
Affiliations and Registrations 
Program Management Professional, Program Management Institute, May 2010 - Present 
Board of Directors, ITS Michigan, January 2015 – Present 
Vice President, ITS Michigan, June 2017-May 2018 
President, ITS Michigan, June 2018-May 2019 
Program Chair, ITS Michigan June 2018-February 2020 
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SHAILESH PATIL 
Email Id: patil.s.shailesh@gmail.com Phone No: 9082685954 

 
Summary: 

 
 Lead for 5G for automotive research and 3GPP standardization at Qualcomm. This includes 

Cellular Vehicle to Everything communication (C-V2X). 
o The work on C-V2X has enabled Qualcomm to become the industry leader for the 

technology. 
o Leading an independent project with a separate multi-million dollar budget and a team 

of ~45 members located across multiple time zones. 
o Responsibilities include driving the 5G for vehicular technology roadmap, creating 

technology demonstrations, IP portfolio development, detailed design, 3GPP 
standardization, technology transfer to development team, trial design & support, 
customer interaction, and technology promotion. 

 

 Proven industry wide leadership in wireless research and standardization. 
o Rapporteur of Release 12 & 13 LTE Direct items. This work lead to the standardization 

of "sidelink" (device to device link) for first time in a cellular standard. This technology 
formed the basis for V2X communication in 3GPP. 

 
 Co-inventor on 153 pending US (total 780 worldwide) patent applications and 121 granted US 

patents (total 567 worldwide). Co-author on several research publications. Invited panelist and 
speaker at many international forums. 

 
Education: 

 Ph.D., ECE, University of Texas at Austin, May 2006 

 M.S., ECE, University of Texas at Austin, May 2004 

 B.E., ECE, Netaji Subhas Institute of Technology (NSIT), Delhi University, May 2001 
 

Professional Experience: 

Principal Engineer/Mgr., Qualcomm Wireless R & D, San Diego, Nov. 2016 to present 
 Lead for 5G for automotive research and 3GPP standardization at Qualcomm. This 

includes Cellular Vehicle to Everything communication (C-V2X). 
- Leading an independent R&D project with a separate multi-million dollar budget 
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and a team of ~45 members located across multiple time zones. 
- Leading research and standardization of 5G NR V2X. This includes: 

 Developing applications and quantifying the need for 5G NR V2X for 
autonomous driving, and demonstrating the concepts 

 Detailed system design, creating an IP portfolio and 3GPP 
standardization. 

- Leading the development of 5G NR V2X aligned prototype 
 Developed and demonstrated the world’s first prototype with distance 

based reliability feature of 5G NR V2X 
- Lead the research and standardization of LTE V2X. This includes: 

• This work has led to world’s first commercial offering of the LTE based 
C-V2X modem by Qualcomm and has become part of Qualcomm’s 
mainline product offering. 

• Provided technological guidance to world’s first shoot out between LTE 
V2X and DSRC (a competing V2X technology). The trial successfully 
demonstrated the significant advantage of LTE V2X compared to DSRC. 

• Lead 3GPP standardization of LTE V2X to make sure that the design is 
based on Qualcomm’s proposals. This was enabled by Qualcomm being 
the only company to provide comprehensive comparison to DSRC. 

• Deeply involved in many stages of product development including product 
definition, technology transfer, and validation. 

• Deeply involved in many stages of commercialization including trial 
design, customer interaction, and technology promotion. 

- Researching other technologies targeting 5G with automotive applications. 

Senior Staff Engineer/Mgr., Qualcomm New Jersey Research Center, Nov. 2012 to 2016 
 Qualcomm’s lower layer lead for cellular based D2D and V2X research 

- Driving lower layer technology roadmap and future research topics. 
- Developed lower layer IP portfolio for these technologies. 
- Supervised parts of prototype development. 
- Acting as a point of contact for the product team integrating these features into 

Qualcomm’s modems. 
- Involved in technical marketing and product requirement definition. 

 LTE rapporteur of D2D study and work items for Release 12 & 13. 
- Successful completed the study and work items. D2D was the biggest item of 

Release 12 LTE. 
- Very successful in getting several of Qualcomm’s design ideas accepted as part of 

LTE. 
- Have chaired several offline sessions and discussions successfully. 

 

Invited Talks: 

 Invited panelist at Autonomous Vehicle Symposium 2020 

 Invited speaker at DAC 2020 

 Invited speaker at ETSI ITS Workshop March 2018 

 Invited panelist at Autonomous Vehicle Symposium 2018 

 Invited speaker and panelist at IEEE 5G World Forum 2018 

 Keynote speaker and invited panelist at IEEE VNC 2017 
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Conference Proceedings: 
 

 L. Gao, Y. Li, J. Misener, S. Patil, “C-V2X based basic safety related ITS spectrum analysis”, IEEE VTC 
2017. 

 V. Nguyen, S. Patil, K. Gulati, Z. Wu, L. Jiang, S. Baghel, D. Malladi, J. Li, “A Comparison of Cellular 
Vehicle-to-Everything and Dedicated Short Range Communication”, IEEE VNC 2017. 

 A. Ali, L. Jiang, S. Patil, J. Li, R. Heath, “Vehicle-to-Vehicle Communication for Autonomous Vehicles: 
Safety and Maneuver Planning”, IEEE VTC 2018. 
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Martin Nathanson CV

PROFILE

Founder and Chief Technical Officer - Paxgrid Telemetric 
Systems 
Chief Technology Officer, P3Mobility
Westmount, QC
paxgrid@rogers.com - 514 808 2005

I have been focused throughout my career on the convergence of wireless networking with micro-
processor-based technologies particularly in the field of automotive transportation and more broadly in 
the space which has come to be known as the Internet of Things. I have worked in automotive telematics 
since 1997 and have have built a patent portfolio in this area which is still expanding. I have both an in-
depth technical understanding as well as broad business and market understanding of the emerging 
trends in connected and intelligent transportation. I have been successful at filing and prosecuting 
strategically important patents in this area and I am acknowledged by IP attorneys as having exceptional 
skills in terms of draft patent disclosures and claims. I am in a position to apply this broad range of 
skills to the conceptualization, development, IP protection and marketing of new technologies that 
leverage the potential of wireless Internet connectivity.

EDUCATION
MSc in Urban Transportation 
McGill University
1978

BSc in Transportation Engineering 
University of Waterloo
1976

WORK EXPERIENCE

Chief Technical Officer (contractual) 
P3Mobility - 2018 to Present

Responsible for conceptualization, architectural design and implementation of all components of 
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P3Mobility Smart Road infrastructure, including AAA Server and enhanced V2I Hub. 
 
Founder and Chief Technical Officer Paxgrid Telemetric Systems - 1999 to Present 

 
Developed IP, system architecture and embedded software for automotive telematics, encompassing 
GPS- based location monitoring, and on-board diagnostics (OBD) for light- and heavy-duty vehicles. 
Designed and Implemented object-oriented embedded software in OBD-II dongle (ARM ST-Micro 
microcontroller) for remote wireless communications including over-the-air firmware updates. 
Designed, participated in and and supervised implementation of back-office database system for fleet 
management of telematics-equipped vehicles (Java/Netbeans environments). Developed prototype 
applications for DSRC (Dedicated Short- Range Communications) devices, both on-board vehicles 
(OBUs) and stationary units (RSUs), operating on embedded Linux platform. Conceptualized, drafted 
and prosecuted a range of patents constituting original methods for extending the scope of existing 
standards in the context of mobile data communications applications. 
Since February 2014, served as technical advisor to the Oakland County Connected Vehicle Task Force, 
an initiative of the Oakland County, (Michigan) executive to develop a sustainable business model for 
deployment and operation of DSRC infrastructure. Conceived the architecture that enables roadway 
operators to create revenue streams to from operations of DSRC infrastructure, sufficient to offset both 
capital and operating costs. Prepared all technical material for presentations to Tier 1s and other 
partners. Proposed and drafted all submissions to FCC by Oakland County Connected Vehicle Task 
Force regarding both proceedings relative to DSRC (Dockets 13-49 and RM-11771, see 
https://www.fcc.gov/ecfs/search-proceedings) 

 
Patent Consultant 
Independent - August 2016 to Present 
 
Draft of U.S. patent application for Toronto-based opinion polling company. Client had developed 
unique approach to opinion surveying and implemented undocumented Single Page Application (SPA) 
using MEAN (Mongo DB, Express.js, Angular.js, Node.js) stack for client-side Web programming. 
Established documentation of architecture based on interviews of client's lead software architect and 
back-end data survey data analyst and made additional conceptual contribution to patentable subject 
matter. Wrote claims and worked with leading Washington-based IP attorney to complete and file 
application with USPTO. 

 
 
KNOWLEDGE AND SKILL SET 
 
Protocol Specifications : TCP/IP, IPv6, SNMP (network management), IEEE 802.11, IEEE 1609 
(WAVE) and SAE-2735 (V2V and V2I) (10+ years) 

 
Programming Languages : C, C++, C#, Java (10+ years) 

Security: PKI architectures, Secure Socket Layer public-private key encryption. (10+ years) 

Database knowledge : MySQL (design of databases and Java-based SQL) (5 years) 
UML : object-oriented concepts, classes, object interaction (10+ years) 

 
Embedded system : real- time operating systems and low-level development with ARM processors (6 
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years), Smartphone OS platforms (particularly Android) (2 years) 
 
Automotive: extensive knowledge of OBD-II protocols, CAN bus (ISO-15765-1,4) and SAE J-1939 
(heavy equipment), GPS (NMEA and uBlox UBX protocol) (10+ years) 

 
Wireless: extensive knowledge of wireless Internet connectivity technology, interface to 2G/3G M2M 
equipment (primarily Telit) (10+ years) 

 
Patents: advanced skills in conceptualization, drafting of disclosures, claims strategies and prosecution 
(successful prosecution with USPTO on several patent issues and new ones pending) 
 

PATENTS 

System for authenticating and authorizing access to and accounting for wireless access vehicular 
environment consumption by client devices https://patents.google.com/patent/US20180004933A1/ 
en 

A system and method are disclosed for authenticating and authorizing access to and accounting for 
consumption of bandwidth for IPv6 connectivity to the Internet over Wireless Access Vehicular 
Environment (WAVE) service channels by client devices using an Authentication, Authorization and 
Accounting (AAA) server. The AAA server authenticates and authorizes client devices to access WAVE 
service channels, and accounts for bandwidth consumption by the client devices using WAVE service 
channels to access the Internet. The AAA server enables an RSU infrastructure operator to quantify 
wireless bandwidth consumption by in-vehicle devices using the WAVE Service Channels, on a per- 
device basis. 
 
System and Method for Providing Mobile Automotive Telemetry (US 6,263,268) 
http://www.google.com/patents/US6263268 July 2001 

 
A mobile automotive telemetry system for installation on-board a vehicle, includes: (i) diagnostic 
structure for monitoring operational functions of the vehicle and generating operational information; 
(ii) a memory for storing the generated operational information; and (iii) a server, in communication 
with the diagnostic structure and the memory. The server includes: (a) structure to receive a request 
from a remote client for the generated operational information; (b) structure to retrieve the generated 
operational information from the memory; and (c) structure to transmit the generated operational 
information to the remote client. 

 
Automotive telemetry protocol (US 7,593,999) https://www.google.com/patents/US7593999 
September 2009 

 
Disclosed is a method of conveying vehicle operation data from a vehicle to a remote monitoring 
recipient, comprising the steps of establishing a data link between the vehicle and the remote monitoring 
recipient; collecting vehicle operation data from data sources in the vehicle; packaging the vehicle 
operation data in a data packet using protocol derived from SNMP; and conveying the data packet over 
the data link. 

 
Automotive telemetry protocol (US 8,560,609) https://www.google.ca/patents/US8560609 October 
2013 
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Continuation of previous patents. 
 
Claims methods for vehicle "neighbour discovery" and collision-avoidance equivalent to vehicle ad- 
hoc networking based on IEEE 802.11 

 
Vehicle communications via wireless access vehicular environment (US 9,503,968) 

https://www.google.com/patents/US9503968 November 2016 
 
This patent application was written in 2013 in order to expand my portfolio in the area of DSRC 
(Dedication Short-Range Communications), given the imminent USDOT mandate of DSRC V2V 
(vehicle-to-vehicle) technology for new manufactured vehicles in the U.S. The disclosure focuses on 
strategic applications, based on integration of Smartphones with DSRC OBUs (On-board units), that 
are expected to become de facto requirements in all vehicles. Examples of the wide array of applications 
are: (1)Use and digital authentication of Smartphone as HMI (Human Machine Interface) for V2V 
safety warnings (2)Smartphone-resident trilateration of mobile geo-position using RSSI (received 
signal strength indicator) from multiple DSRC roadside units broadcasts.  US 9503968 is the first in a 
series of 4 anticipated patents derived from the original filing. 

 
Automotive Telemetry Protocol (US 9,633,562) https://www.google.com/patents/US9633562 April 
2017 

 
Continuation of US 8560609. Claims mobile and stationary nodes capable of functionality equivalent 
to IEEE 802.11p-enabled On-board units (OBUs) and Roadside Units (RSUs), whereby mobile nodes 
(OBUs) broadcast messages functionally equivalent to DSRC Basic Safety Messages (BSMs) and 
stationary nodes (RSUs) broadcast messages functionally equivalent to WAVE Service Advertisements 
(WSAs). Also claimed are service advertisements by stationary nodes, relative to specific use cases, 
most significantly signalized traffic light information (i.e. Signal Phase and Timing or SPaT) and 
Electronic Tolling. The claim set also covers the concept of bi-directional exchange enabling one 
vehicle to alert a second vehicle of a pending driving maneuver (e.g. when a turn indicator is on) and 
to receive an acknowledgement from the second vehicle. 

 
PUBLICATIONS 
 
OCCV FCC 13-49 Comment Letter with Attachment https://www.fcc.gov/ecfs/ July 2016 

 
Response to FCC Public Notice of June 1, 2016 regarding revision o Part 15 of the FCC rules to permit 
Unlicensed National Information Infrastructure (U-NII) devices in the 5 GHz band, Submitted by the 
Oakland County Connected Vehicle Task Force and co-signed by several automotive Tier 1 suppliers 
and Director of Michigan Department of Transportation. This document challenges the various 
proposals being considered by the FCC to allow unlicensed (WiFi) devices to share the DSRC band for 
Intelligent Transportation. The idea of creating such a document and its initial draft was the work of 
Martin Nathanson. 

 
 
 

 

 
SUBK00013926

 
84 of 91



 
SUBK00013926

 
85 of 91



C-1

List of terms used in the Smart Intersections Project proposal.

AAA Authentication, Authorization, and accounting

AAATA Ann Arbor Area Transit Authority

AACVTE Ann Arbor Connected Vehicle Test Environment

AASHTO American Association of State Highway Transportation Officials

ASD Aftermarket Safety Device

AV Automated Vehicles

AWS Amazon Web Services

BCA Benefit Cost Analysis

BSM Basic Safety Message

CAMP Crash Avoidance Metrics Partnership

CAV Connected/Automated Vehicle

CCAT Center for Connected and Automated Transportation

CDMA Code Division Multiple Access

CPM Collective Perception Message

CSW Curve Speed Warning

CV Connected Vehicle

C-V2X Cellular Vehicle to Everything

CVCP Connected Vehicle Co-Processor

DBB Design-Bid-Build

DBFOM Design-Build-Finance-Operate-Maintain

DMP Data Management Plan

DOT Department of Transportation

DSRC Dedicated Short Range Communications

EEBL Electronic Emergency Brake Light

EVA Emergency Vehicle Approach

EVP Emergency Vehicle Preemption

EVTA Equipped Vehicle Trajectory Awareness
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FCC Federal Communications Commission

FCW Forward Collision Warning

FHWA Federal Highway Administration

FIFO First-in-first-out

FOT Field Operational Test

FSP Freight Signal Priority

GB Gigabyte

GPS Global Positioning System

HAWK High-intensity Activated crosswalk beacon

HMI Human-Machine Interface

HVA Huron Valley Ambulance

IEEE Institute of Electrical and Electronics Engineers

IMA Intersection Movement Assist

IOO Infrastructure Owner Operator

IRB Internal Review Board

I-SIG Intelligent Signal Control

IT Information Technology

ITE Institute of Transportation Engineers

ITS Intelligent Transportation Systems

IVBSS Intelligent Vehicle Based Safety Systems

JPO-ITS Joint Program Office – Intelligent Transportation Systems

JTRP Joint Transportation Research Program

LTE Long Term Evolution

MAP Map (formerly Geometric Intersection Description)

MDOT Michigan Department of Transportation

MMITSS Multi-Modal Intelligent Traffic Signal System

MTL Michigan Traffic Laboratory

NPRM Notice of Proposed Rule Making
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NR New Radio

NTCIP National Transportation Communications for Intelligent Transportation System 
Protocol

NTSA National Traffic Safety Administration

OBU On-board Unit

ORSP Office of Research and Sponsored Projects

OTA Over-the-Air

P3M P3Mobility

PATH Partners for Advanced Transportation Technology

PCAP Packet Capture

PI Principle Investigator

PII Personally Identifiable Information

PMBOK Program Management Book of Knowledge

PMP Program Management Professional

POS Point of Service

PSM Pedestrian Safety Message

PVD Probe Vehicle Data

RASIC Responsible, Approve, Support, Inform, Consult

RDCW Road Departure Crash Warning

RDS Radio Data System

RLVW Red Light Violation Warning

RRFB Rapid Rectangular Flashing Beacons

RSU Roadside Unit

RTCM Differential GPS correction

S3 Simple Storage Service (Amazon)

SAE Society of Automotive Engineers

SCMS Security Credential Management System

SCOOT Split Cycle Offset Optimization Technique

SD Secure Digital
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SDSM Sensor Data Sharing Message

SDSM Sensor Data Sharing Message

SOW Statement of Work

SPaT Signal Phase and Timing

SPMD Safety Pilot Model Deployment

TB Terabyte

T&M Time and Material

TIM Traveler Information Message

TSP Transit Signal Priority

TV Television

UBI Usage-based insurance

UM University of Michigan

UMTRI University of Michigan Transportation Research Institute

USDOT United States Department of Transportation

UTC University Transportation Center

V2I Vehicle-to-Infrastructure

V2V Vehicle-to-Vehicle

V2X Vehicle-to-Everything

VAD Vehicle Awareness Device

VRU Vulnerable Road Users

WSA Wave Service Announcement
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UNIVERSITY OF MICHIGAN 

A. We hereby certify that, to the best of our knowledge and belief, all inventions are listed below which were 
conceived and/or first actually reduced to practice during the course of work under the above-referenced 
grant or award for the period 

through 

original effective date date of termination 

B. Inventions (Note: If no inventions have been made under the grant or award, insert the word "NONE" under 
Title below.) 

NAME OF INVENTOR TITLE OF INVENTION DATE REPORTED TO UMich 

(Use continuation sheet if necessary) 

C. Signature -This block must be signed by an official authorized to sign on behalf of the institution. 
Title Name and Mailing Address of Institution 

Typed Name 

Signature Date 

Prime Grant I Award No.

Final Invention Statement and Certification
(For Grant or Award) 
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