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Autonomous Connected Vehicle Technologies

Program Overview

This ten-day, 60-hour certificate program provides the learner with a thorough understanding of current au-
tonomous connected vehicle technologies and their potential vehicle-to-vehicle and vehicle-to-infrastructure
applications. In addition to lectures and in-class discussion, nearly half the time is spent engaging in hands-
on lab activities that provide useful on-the-job practical application. An added feature of the program is a
team capstone project that ties together the entire program content through a case problem activity that
culminates in a visit to the Michigan Test Bed. All other classroom and lab sessions are conducted on the
University of Michigan-Dearborn campus.

Who Should Attend

This course is appropriate for engineers and managers who want a better understanding of the technologies
involved in vehicle to vehicle and vehicle to infrastructure applications. Those interested in wireless
communications application to vehicular environments, vehicle positioning systems used for connected
vehicles, vehicular software architectures and security, and vehicle system applications such as active safety
as they apply to automotive/commercial vehicles will also find this course useful.

Other professionals who will benefit from this course include:

= Managers seeking to evaluate technology/regulation/standardization/business trends

= Fleet operators looking to increase business productivity, better manage their assets, meet regulatory
requirements more efficiently, and improve asset utilization

= Business stakeholders involved in controlling/exploiting data transmitted from/to vehicles

= Those involved with autonomous/unmanned vehicles

= Professionals interested in the perspective that the mobility, data security, and safety aspects of connected
vehicle systems can enhance the reliability and control of driver-assisted vehicles

TARDEC Program Schedule

May 25, 2011 Capstone Project Introduction, Group Assignments;
Connected Vehicle Overview and Simulation Activity

May 26, 2011 Connected Vehicle Overview and Simulation Activity

June 20, 2011 Autonomous Vehicle Positioning Systems Class

June 21, 2011 Autonomous Vehicle Positioning Systems Lab

June 22, 2011 Wireless Communications in the Autonomous Connected Vehicle Class

June 23, 2011 Wireless Communications in the Autonomous Connected Vehicle Lab

June 27, 2011 Software Architectures and Security for Connected Vehicular Systems Class and Lab
June 28, 2011 Software Architectures and Security for Connected Vehicular Systems Class and Lab
June 29, 2011 Autonomous Connected Vehicle Systems and Applications Class

June 30, 2011 Capstone Activity Team Reports and Michigan Test Bed Visit

All classes are 8:30 a.m. to 4:30 p.m.

University of Michigan-Dearborn campus in the Professional Education Center (PEC), Room 1430
4901 Evergreen

Dearborn, Michigan, USA 48128

Click here for the e-Link to the campus


http://www.umd.umich.edu/fileadmin/template/businessaffairs/files/Facilities_Planning/Revised_Campus_Map.pdf

Module 1: Autonomous Connected Vehicle Technologies

Overview and Simulation (2-days)
Instructors: Steve Underwood, Ph.D.; Barbara Koenig

This module utilizes a series of short lectures designed to provide an overview of connected vehicle objectives, including
safety, productivity, and environmental objectives, how they will be achieved through communication and sensor
technologies and applications, and what government/industry programs and events are designed to support this new
design of the automobile. The historical background of Intelligent Transportation Systems will be reviewed including
programs for the United States, Europe, and Japan. The course addresses the basic features of the Mobility Internet that
will provide both vehicle-to-vehicle and vehicle-to-infrastructure communication systems and applications.

It will provide a systems overview of road-side systems (roadside equipment, backhaul — landline, T1, cellular and
satellite) and vehicle systems (GPS/DSRC transceivers, messaging, HMI, intra-vehicle communications) along with
specific applications for safety (driver fatigue, collision avoidance, curve speed warning); highway system operation
(traffic management, tolling, and maintenance); environment (signal timing and other traffic data used for efficiency
improvements); and other consumer conveniences (maps, traffic information). It describes these new systems and
recent events in the context of developments in electrification, communication, and vehicle automation. All students are
given access to review the short lectures in advance of the face to face laboratory portion of this module.

Laboratory

With the short lectures as background, a connected vehicle simulation is used during this module to provide learners
with real-world hands-on experience making decisions regarding connected vehicle technologies, dealing with
organizational and managerial issues, and understanding likely outcomes. This is an intensive, highly interactive team-
based activity.

Learning Objectives

By attending this module, participants will be able to:
= Describe ITS accomplishments over the last 20 years
= Explain the challenges being addressed today
= Describe the near term and long term objectives that need to be addressed to achieve the vision of connected and
autonomous vehicles.
= Introduce the topic in your organization and manage the process of systems integration

Topical Outline

= Overview: Autonomous and connected Vehicle = Actuators: radar, optical
= Telematics = Planning and control for autonomy
= Connected safety = Command architecture: skill and operational levels
= Connected autonomy = General services and applications

= History of autonomous and connected vehicles—U.S., = Telematics

Europe, Asia = Active safety

= General communication overview = Traffic management
= Short range, medium range, long range = General
= Satellite = Interoperability test & certification

= General technology overview = Vision and forecasts: re-inventing the automobile
= Maps = Market and business models
= Navigation = Connected Vehicles USDOT MDOT (current)

= Sensors = International programs (current)



Autonomous Connected Vehicle Technologies

Module 2: Wireless Communications in the Autonomous

Connected Vehicle (2-days)
Instructor: Heri Rakouth, Ph.D.

Wireless communication is a key enabler for vehicle connectivity. This seminar provides participants with an engineering
overview of the various technologies that comprise a wireless communication system as it relates to automotive and
commercial vehicle applications. It is intended to develop the skill set necessary for an educated understanding of the
challenges and opportunities related to Connected Vehicles™ and connected applications.

This lecture contains three sections:

Section One provides an immersion in the fundamentals of wireless communications. It begins with the physics of
the technical challenges caused by propagation (e.g. multipath, Doppler spread) and interference that can impact the
communication budget link. Then, it will introduce the basic mitigation techniques (wireless channel: models, capacity,
modulation, detection, diversity) and their performance measured in terms of signal to noise ratio (SNR) and error
probability.

Section Two addresses networking. It starts with the principles of wireless networks and reviews the TDMA and CDMA
systems. It then discusses concepts related to Ad Hoc Networks including an overview of the Vehicular Area Network

(VANET). It concludes with discussions on security issues and approaches relating to Mobile Ad Hoc Networks
(MANET).

Section Three describes how wireless communications techniques can be applied in vehicle to infrastructure (V2I)

and vehicle to vehicle (V2V). It provides details in the most recent developments of the Dedicated Short Range
Communications (DSRC) technology as well as related standardization topics (IEEE 1609, IEEE 802.11p, and SAE
J27835). Module Three concludes with insights about how the cellular 4G/LTE (Long Term Evolution) technology can be
used to accelerate the development of V2X communications (where X can stand for | as in Infrastructure, V as in Vehicle,
P as in Pedestrian, C as in Cyclist, etc...)

The laboratory component will include simulation-based or test chamber experiments for wireless channel issues such as
ISI (inter symbol interference), path-loss fading, slow fading, and fast fading).

Alternatively, and subject to availability of guest speakers, the laboratory session may utilize case studies presented by
experts from the industry. The laboratory activity will be enhanced with a DSRC-based demonstration involving vehicle
to vehicle (V2V) and vehicle to infrastructure (V2I) communications.

Learning Objectives

By attending this module, you will be able to:

= Describe the technical challenges relating to wireless communications

= Identify and compare the different components of a wireless communication system

= Develop a first-hand experience on connected vehicles through V2V and V2| demonstrations

= Identify the key automotive/commercial vehicle wireless communications forums dealing with standardization/
regulation and business opportunities

= Recognize the role, both current and future, connected connected vehicle technologies will play in our collective
future



Topical Outline

Fundamentals of Wireless Communications

= Wireless Communications Overview

= Technical Challenges
= Math tools
= Mobile radio propagation

= Mitigation Techniques
= Channel capacity
= Digital modulation and detection
= Performance of digital modulation over wireless

Channels
= Diversity
= Recent advances
= Multiple antennas and space-time communications
= Ultra-WideBand (UWB) technology

Wireless Networks

* Cellular Networks
= Principles
* TDMA-based
» CDMA-based

Laboratory

PART I-Simulation/Test Chamber hands on:
= Path-loss fading
= Slow fading
= Fast fading
* |Sl and data rate

PART Il: DEMONSTRATION

A demonstration involving vehicle to vehicle (V2V) and vehicle
to infrastructure (V2I) communications operations is provided.

* Ad Hoc Networks
* Characteristics of MANETs
= Vehicular Area Network (VANET)
= Security issues

V2X Communications

* DSRC-based
= V2l
= V2V
= Specific issues
= Trends and policies

» Cellular-based
* Current limitations
* Potentials

* Wireless Access in Vehicular Environments
» |EEE 1609
= Dedicated Short Range Communications (DSRC)
= SAE Message Set J2735

= Status of applications by region
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Module 3: Autonomous Vehicle Positioning Systems (2-days)
Instructor(s): Daniel N. Aloi, Ph.D., and Ka C. Cheok, Ph.D.

This two-day module addresses vehicle positioning and navigation systems. The first part provides an overview of

the Global Positioning System (GPS) since it is the main location technology enabler for automotive location-based
applications. The following topics will be discussed: coordinate reference frames, satellite constellation, signal
structure, ranging observables, ranging error sources, error mitigation techniques, position velocity and timing (PVT),
accuracy and availability for different modes of positioning that include open-loop, differential GPS (DGPS), real-time
kinematic GPS (RTK), GPS dead-reckoning, augmentation of GPS with wheel speed sensors, inertial measurement
units and compasses. Sensor fusion using a Kalman filtering technique will be included. GPS accuracy and availability
performance in automotive driving environments, GPS vehicle installations (antenna, RF cable and GPS receiver),
and bench-level and vehicle-level methods to evaluate GPS will be covered. An introduction to automotive navigation
systems will be presented. Topics such as map database sources, route guidance calculations, and graphical user
interfaces will be covered.

Learning Objectives

By attending this module, you will be able to:
= Specify the performance of GPS receivers and navigation systems
= Evaluate the performance of GPS receivers and navigation system
* Integrate GPS with other sensors via a Kalman filter to improve navigation availability
= Utilize MATLAB/SIMULINK to analyze GPS data and create algorithms
= Select the appropriate implementation of a vehicle navigation system based on your application requirements

Topical Outline

= Overview of GPS and Navigation Systems = GPS/INS Integration for Vehicles
= Coordinate reference frames = IMU modeling and vehicle dead-reckoning errors
= GPS Satellite Constellation = Introduction to the Kalman filter
= GPS signal structure = Ground vehicle dynamics
= Code and carrier ranging observables = Ground vehicle models
= GPS ranging error sources and mitigation = Estimation of vehicle navigation states
techniques = Estimation of vehicle parameters
= Position accuracy dependence on satellite geometry = GPS/INS simulation examples
and range error = GPS Integration with other sensors
= GPS Modes of Positioning = Digital Compass
= Open Loop GPS positioning with C/A code = LIDAR
= Differential GPS carrier phase positioning with C/A = UWB

code

Kinematic GPS positioning with C/A code and/or
L1/L2 carrier phase

GPS performance examples in typical automotive
rnvironments

= Wheel speed sensors
= Application examples



PART I  GPS Receiver Operation and data post-processing .
PART Il Case Study of GPS Performance Based on on-vehicle Antenna Locatlon X -_,r
PART Il Integration of GPS with wheel speed and digital compass via Kalman Fllter \
PART IV Case Study on GPS Integration with other sensors :

Laboratory

The laboratory component will provide students with hands on experience with
GPS receivers. Students will learn how to operate a GPS receiver, interpret
information from the GPS receiver, load data from the GPS receiver and integrate
GPS position and velocity estimates with other sensors. Lab exercises will utilize
MATLAB/SIMULINK and post-process the data. -

s
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Module 4: Software Architectures and Security for

Connected Vehicular Systems (2-days)
Instructor: Kiumi Akingbehin, Ph.D.

The connected vehicle of the future will contain features that fall into three mobile communication and vehicle sensing
technology categories: telematics, autonomous systems, and local or short-range communication systems. Effective
and safe functionality of these systems relies upon robust software and security protocols.

This two-day module provides an overview of typical connected vehicle applications and services operating on-board
the vehicle. The software systems, including protocols and packetization, are examined at an architectural level and not
at a detailed programming level. A discussion at the architectural level provides a communication platform that can be
used between a wide range of stakeholders (technical and non-technical). Important decisions that affect the detailed
software design of applicable systems can subsequently be made earlier in the development process, and existing
designs can be evaluated for usability in autonomous connected vehicles.

Learning Objectives

By attending this module, you will be able to:
= Describe how on-board Connected Vehicles applications utilize multiple services
= Create a simple OSGi service or application
= Explain open versus closed loop Connected Vehicles applications
= Demonstrate how ASN.1 encoding can be used to packetize various data structures

Topical Outline

= Software architecture and security in the context of = Propagation of traffic probe data through a network

connected vehicles = |[EEE 1609.2 security (based on IEEE 802.11)

= Basic concepts of software architectural design for WAVE (Wireless Access in Vehicular

= Basic concepts of security and related safety issues Environments) and DRSC (Dedicated Short Range
in connected vehicles Communications)

= Security strategies and systems and an overview of * End-to-end examples of vehicle-to-vehicle (VTV) and
existing wireless security vehicle-to-infrastructure (VTI) interactions

» Automotive telematics (blending of GPS and = Existing systems/initiatives with applicability to
wireless telecommunications, including existing connected vehicles
examples such as GM's ONSTAR) = Open and closed loop software control techniques

= Review of basic concepts of autonomous (driverless) = Comparison of existing on-vehicle networking, e.g.
vehicles Ethernet, CAN (Controller Area Network)

= Local and short range communications for connected = QNX real-time operating system

vehicles = Existing vehicular and other mobility facilities/centers

» Short-range wireless communication standards, (e.g. = Mobius software facilities for mobile/internet-based
Bluetooth, UWB, Zigbee) information distribution,

» Fundamentals of the OSGi (open services gateway = Connected Vehicle: DOT's 5-year connected vehicle
initiative) Java-based middleware service platform research initiative to allow connected vehicles to
for software development of wired and wireless exchange real-time road and traffic information
networks = Utilization of on-board sensors and wireless

= ASN1 (abstract syntax notation 1, used in the SAE communications for Connected Vehicles
12735 standard) and similar type-length-value = Genivi alliance to provide in-vehicle infotainment
packetization techniques for transmitting data over (e.g. in-vehicle internet)

networks



Laboratory

= Hands on experiments with a CAN network

= Development of simple application using the open
source Knoplerfish OSGi framework

= ASN.1 encoding examples using the open source
BinaryNotes ASN.1 framework.

= Propagation of traffic probe data through a network
and possible feedback

= Simple cryptography examples and digital
certificates for authentication
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Module 5: Autonomous Connected Vehicle System and Applications (1-day)
Instructor(s): Udi Naamani, MSEE, and Ka C. Cheok, Ph.D.

This module covers the passive and active safety classifications along with an overview of current active safety and
related driver assistance systems (ADAS). Attendees will develop an understanding of ADAS benefits and limitations;
learn the basic functions of different sensors and actuators used in vehicles and commercialized ADAS systems and
their operational principles; and understand the functions, use, and limitations of environmental sensor-based systems
including informing/warning systems (night vision, lane departure warning, and lane change assistance) and intervening
systems (adaptive cruise control, lane keeping support).

Additionally, the Intelligent Vehicle Based Safety Systems (IVBSS) case study on “Advanced Active Safety” will be
reviewed, which concentrates on using multiple sensors including cameras, radar, and lidar, mounted on a vehicle to
provide 360 degree awareness. The significance of including wireless communication into 360 degree awareness will
be discussed. Localized cooperative pro-active safety, (vehicles “cooperating” among themselves to avoid accidents)
will also be addressed through a discussion of sample applications such as the CAMP case study. This module will also
consider centralized pro-active safety enabled through communication with infrastructure and demonstrated in aviation
safety by studying a few sample ground application equivalents. Other case examples and discussion topics will include
Mobious software for multi autonomous vehicle control, potential vehicles that do not require traffic signal controllers
and cannot crash with other vehicles, and the different ways it could affect traffic management on one side and vehicle
design on the other side. The General Motors EN-V concept vehicle case will be incorporated.

Learning Objectives

By attending this module, you will be able to:
= Identify common vehicle safety systems
= Specify and design integration of sensors into autonomous systems
= Build on past key research projects to improve own work
= Consider use of communications in automotive systems based on one’s own application requirements

Topical Outline

= Vehicle Driver Assistance Systems = Vision
= Driver assistance safety systems = Radio
= Passive systems = Project Case Studies (Research)
= Active systems = [VBSS
= Driver assistance systems = USDOT safety FOT
= Active prevention systems = Communications as a Sensor
= ADAS = Relevant applications
= Collision warning » Signalized Intersections (SPaT)
= Lane keeping = CAMP case study
= Lane centering = Multiple Autonomous Vehicle Control — case study
= “Here | am” = ADAS Systems and Testing
= About Common Sensors = Testing challenges
= Lidar = Emerging processes
= Ultrasonic = Autonomy in testing

= Radar = Personal mobility concept



Laboratory

This class does not include a dedicated laboratory session, but will instead utilize the Capstone Summary Project
which involves a visit to the Michigan Test Bed, when feasible. When a visit to the Michigan Test bed is not possible, an
alternative local and possibly indoor laboratory experience is provided.

Capstone Summary Project

Drawing from the content taught throughout the course, the capstone project involves participants systemically designing
a Connected Vehicle (CV) model system that supports national needs. The Michigan Test Bed (MTB) will serve as an
instructional reference. At the conclusion of the program, participants will visit the MTB, test their system designs in a
simulated environment, and discuss their capstone projects. The instructor will benchmark participant designs against
the MTB. In addition, capstone project groups will be assigned specific problems requiring resolution, and the groups
will use the MTB to check and verify their solutions. During the laboratory sessions in each module, teams will receive a
set of specific problem assignments, and be given class time to begin developing problem solutions.

The problem assignments are:

= To maximize the possible sphere of all applications, determine and propose what information should be received and
sent by the On Board Unit (OBU) while not compromising on reliability in a dense traffic scenario where hundreds of
vehicles need simultaneous access.

= Based upon the systems engineering design assignment of the first week, and maps of the Michigan Test Bed area,
place the Road Side Equipment (RSE) to achieve optimal performance.

= Using probe data records provided to the participants, determine the geographic structure/mapping of two
intersections and the connecting road.

= Using probe data records provided to the participants, propose modifications to intersection programming to improve
traffic flow.
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Instructional Staff

Daniel N. Aloi, Ph.D., is an Associate Professor of Engineering and the Interim Chair at the Electrical & Computer Engineering
Department, Oakland University, Rochester, MI. He received his B.S., M.S. and Ph.D. degrees in electrical engineering from Ohio
University in 1992, 1996 and 1999, respectively. He has been employed at Oakland University since January 2002. Dr. Aloi was a Sr.
Project Engineer at OnStar, Inc. (2000-2001) and a Visiting Assistant Professor at Ohio University (1999-2000). His research areas
include applied electromagnetics and various areas of the global positioning system (GPS) in the automotive and aviation industries.
Dr. Aloi has attracted in excess of $2.0M dollars in external funding as PI, authored over 45 technical papers and obtained 5 patents.
He is an Associate Editor for the IEEE Transactions on Aerospace and Electronic Systems in the area of navigation and for the SAE
International® Journal on Passenger Vehicles: Electrical and Electronic Systems. He has also served as a key technical advisor to the
Federal Aviation Administration’s Satellite Program Office in regards to the Local Area Augmentation System, which is a proposed
GPS-based landing for commercial aircraft.

Ka C. Cheok, Ph.D,, is a Professor of Engineering at the Electrical & Computer Engineering Department, Oakland University,
Rochester, MI. He conducts theoretical and experimental research in driver's assistance systems, navigation and guidance for
autonomous unmanned vehicle systems and mobile robots, UWB tracking of multiple robots & assets. His work focuses on transition
of R&D in intelligent systems, heuristics search, fuzzy logic, neural network and optimal control and estimation techniques into practical
applications to smart mechatronics systems for the automotive and defense industries. Dr. Cheok has published over 40 technical
journal articles and 100 conference papers. He is an Associate Editor for three technical journals and an organizer for the annual
Intelligent Ground Vehicle Competition, and has served as a Consultant Member on the US Army Science Board.

Heri Rakouth, Ph.D., is Manager, Technology Exploration at the Innovation and Technology Office (ITO) of Delphi Corp. Troy,
Michigan. In this capacity, he coordinates technology innovation activities across three out the five divisions of Delphi. He spearheaded
cross-divisional efforts that have led to the build of the telematics business development team for the aftermarket and the launch of the
V2X proof of concept project currently implemented for the Land Transport Authority of Singapore. Dr. Rakouth has about 30 years
experience in both aerospace/defense telecommunications and automotive electronics industries. He has held various responsibilities
at Thomson CSF/Thales and Renault in France as product engineer and technical manager before joining Delphi in 1996. Dr. Rakouth
is also an adjunct professor at Oakland University teaching undergraduate and graduate classes in Power Electronics and Wireless
Communications. Dr. Rakouth has published over 20 IEEE or equivalent technical papers and tens of classified and non-classified
reports. He holds several U.S. and European patents. He holds MS and PhD degrees in Electrical Engineering, from the University of
Pierre and Marie Curie (UPMC) of Paris (1979 and 1982) along with an MBA from Saginaw Valley State University (1999) and an MS
in Manufacturing Management from Kettering University (2000).

Kiumi Akingbehin, Ph.D,, is Professor of Computer and Information Science at University of Michigan-Dearborn. He has Ph.D.

and MA degrees in Computer Science. He also has a MS in Nuclear Engineering and a BS in Electrical Engineering. He has been
employed at University of Michigan-Dearborn since 1986. His other employers include GM, NASA, AT&T Bell Labs, IBM, and Unisys.
His areas of research interest include wired and wireless networks, real-time software engineering, embedded systems, vehicular
communications, and web technologies. He has published over 150 papers in his areas of interest.

Ehud (Udi) Naamani, BSME, MSEE, is a director at the Connected Vehicle Proving Center at the University of Michigan-Dearborn.
He received his B.S. degree in mechanical engineering from the Technion, Israel, Institute of Technology with concentration on
Robotics, and his M.S. degree in electrical engineering from the University of Wisconsin-Madison with a concentration in control and
optimization. During his studies, Mr. Naamani worked at CERN (European Nuclear Research Center) on a detectors team lead by Dr.
George Sharpack, who later received a Nobel Prize for his work. Mr. Naamani held engineering management and executive positions
with multiple high-tech companies, utilizing his skills in helping these companies acquire an IPO, M&A, and Technology Transfer
(Tecnomatix Technologies, Cimatron Technologies, CMS Technologies, and CogniTens). He has been involved with the Connected
Vehicle Proving Center since May 2008. Mr. Naamani's interests include autonomous vehicles, connected vehicles, and the economic
trends associated with them.



Frank Perry, BSEE, MM, is currently the Chairman of the SAE International® DSRC Technical Committee charged with developing
message sets that enable wireless vehicle-to-vehicle and vehicle-to-roadside communications. He has 20 years of experience in
wireless network design, optimization, operations and management of 800 MHz AMPS and CDMA networks as well as 5.9 GHz
Dedicated Short Range Communication (DSRC) networks. He has held positions ranging from Site Technician to Staff Manager-RF
Engineering for a wireless service provider and Operation and Maintenance Manager for an Engineering Consulting firm. Mr. Perry led
the deployment and operation and maintenance of the Michigan DSRC Testbed utililzed for the US DOT's then VII, Proof-of-Concept
in 2008. Other duties have included monitoring network performance through data collection, analysis, and corrective/proactive
action. Additionally, he has six years of light duty vehicle architecture experience, developing strategies for connecting wireless
enabled consumer electronic devices to vehicles, as well as connecting vehicles to external wireless networks.

Steve Underwood, Ph.D., is the Director of the Connected Vehicle Proving Center (CVPC) at the University of Michigan —

Dearborn (UM-D). Drawing on extensive experience working with public agencies, automotive companies, automotive suppliers,
telecommunications companies, and information service providers, Dr. Underwood has a history in designing, developing and evaluating
mobile communication and intelligent transportation systems. Prior to joining the University of Michigan - Dearborn, Dr. Underwood was
Director of the Transportation and Information Systems Planning (TISP) group at the Center (CAR) for Automotive Research. Prior to
working at CAR he was an Assistant Research Scientist and Associate Director of the Research Center of Excellence (RCE) in Intelligent
Transportation Systems (ITS) at the University of Michigan. His primary research activities included: analyzing transportation policy,
evaluating ITS deployments, developing and running transportation simulations, assessing traveler behavior and impacts, and developing
group policy and decision support systems. He also served as an adjunct professor, teaching in the areas of conflict resolution and
traffic modeling. Dr. Underwood received the Peccei Fellowship award from the International® Institute for Applied Systems Analysis
(IIASA) in Laxenburg, Austria for his work on the assessment of large-scale systems. He also designed a number of collaborative
training and planning exercises and simulations, including products for Visteon, the International® Joint Commission for the Great Lakes,
the Environmental Protection Agency, U.S. Department of Transportation, U.S. Department of Defense, and the Upjohn Pharmaceutical
Corporation. Underwood holds a Ph.D. from the University of Michigan in Technological and Environmental Planning: Sociotechnological
Systems Planning. He also earned a bachelor's degree in Economics, a graduate certificate in Transportation Studies and a master's
degree of Urban Planning (Transportation Planning) — all from the University of Michigan.

Randy Motyka, BSEE, MBA, MPM, Laboratory Supervisor, University of Michigan-Dearborn, Connected Vehicle Proving Center
is the Engineering Manager at the Connected Vehicle Proving Center (CVPC) at the University of Michigan-Dearborn. Mr. Motyka
has over 32 years of experience working in high technology research and development environments.  Over his career he has held
diverse positions ranging from Research Engineer in radar and infrared reconnaissance systems, to Software Architect for a wet film
laser interferometer measurement system. Mr. Motyka also served as the Director of Hardware Platforms for a major machine vision
company prior to coming to the CVPC.
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