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Kettering University is a national leader in 

experiential STEM and Business education, 

integrating an intense academic curriculum 

with applied professional experience.
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Software Software Software Software 
Engineering and Engineering and Engineering and Engineering and 

Computer Systems Computer Systems Computer Systems Computer Systems 
DepartmentDepartmentDepartmentDepartment

RRRReeeesssseeeeaaaarrrrcccchhhh::::    
To advance peoples knowledge about the efficient and 

effective utilization of information technology through the 
way of individuals, organizations, society, and nations for 

the improvement of economic and social welfare. 

EEEEdddduuuuccccaaaattttiiiioooonnnn::::    
To develop information system leaders for the 21st century 

who will not only acquire the skills and knowledge 
necessary for their next job but also the tools for building a 

life-long successful career.

CCCCiiiittttiiiizzzzeeeennnnsssshhhhiiiipppp::::    
To contribute significantly to developing and sustaining  

democratic and knowledgeable schools, communities, and 
societies.

10/7/2016



The GM Foundation Automotive Research Area The GM Foundation Automotive Research Area The GM Foundation Automotive Research Area The GM Foundation Automotive Research Area 
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Join Us This Morning For an Exciting Join Us This Morning For an Exciting Join Us This Morning For an Exciting Join Us This Morning For an Exciting 
Announcement!Announcement!Announcement!Announcement!

All Kettering University faculty, staff and students are invited to a 
special announcement at 9:30 a.m. TODAY in the Great Court.at 9:30 a.m. TODAY in the Great Court.at 9:30 a.m. TODAY in the Great Court.at 9:30 a.m. TODAY in the Great Court.
Jay Williams, U.S. Assistant Secretary of Commerce for Economic Jay Williams, U.S. Assistant Secretary of Commerce for Economic Jay Williams, U.S. Assistant Secretary of Commerce for Economic Jay Williams, U.S. Assistant Secretary of Commerce for Economic 
DevelopmentDevelopmentDevelopmentDevelopment, will be announcing $2.5 million in support of announcing $2.5 million in support of announcing $2.5 million in support of announcing $2.5 million in support of 
economic development in Flinteconomic development in Flinteconomic development in Flinteconomic development in Flint, including a $1.9 million investment $1.9 million investment $1.9 million investment $1.9 million investment 
in the  Kettering University GM Mobility Research Center.in the  Kettering University GM Mobility Research Center.in the  Kettering University GM Mobility Research Center.in the  Kettering University GM Mobility Research Center. Officials 
from federal, state and local government will be on hand. 
Refreshments will be served and a tour of the Mobility Research 
Center led by Kettering University President Dr. Robert K. McMahanKettering University President Dr. Robert K. McMahanKettering University President Dr. Robert K. McMahanKettering University President Dr. Robert K. McMahan
will immediately follow the announcement.
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https://www.youtube.com/watch?v=eHfMfHyiWYA
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DefinitionDefinitionDefinitionDefinition

An autonomous car (driverless car, self-driving car, robotic car) 

is a vehicle that is capable of sensing its environment and 

navigating without human input. Autonomous vehicles detect 

surroundings using radar, lidar, GPS, Odometry, and computer 

vision. Advanced control systems interpret sensory information 

to identify appropriate navigation paths, as well as obstacles 

and relevant signage
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1. Introduction1. Introduction1. Introduction1. Introduction

• Autonomous cars, or cars that run without human control, have been developed over 

the past several decades, starting in 1977

• Some autonomy system in used : Cruise Control, Anti-Lock Brakes. 

• Some systems are just starting to be used: Stability and Traction Control, Pre-Accident 

Systems, Traffic Jam Assist, Self-Parking Systems.

• Communications (V2V) as well as for vehicle-to-infrastructure communications (V2I).

• The Society of Automotive Engineers (SAE) introduces J2735 standard

910/7/2016



2. Definitions2. Definitions2. Definitions2. Definitions

In the United States, the National Highway Traffic Safety Administration (NHTSA):

Level 0: The driver completely controls the vehicle at all times.

Level 1: Individual vehicle controls are automated, such as electronic stability control or automatic braking.

Level 2: At least two controls can be automated in unison, such as adaptive cruise control in combination 

with lane keeping.

Level 3: The driver can fully control of all safety-critical functions in certain conditions. The car senses when 

conditions require the driver to retake control and provides a "sufficiently comfortable transition time" for the 

driver to do so.

Level 4: The vehicle performs all safety-critical functions for the entire trip, with the driver not expected to 

control the vehicle at any time. As this vehicle would control all functions from start to stop, including all 

parking functions, it could include unoccupied cars. 1010/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

Around 1478 Leonardo Da Vinci sketch a pre-

programmed clockwork cart. This cart would have 

been powered by large coiled clockwork springs, 

propelling it over 130 feet. The clever control 

mechanism could have taken the vehicle through a 

predetermined course.
1110/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory
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https://www.youtube.com/
watch?v=ftouPdU1-Bo
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3. 3. 3. 3. HistoryHistoryHistoryHistory

In 1964-71 the Stanford Artificial Intelligence 

Laboratory cart was build. It was based on techniques 

for navigating through an unfamiliar environment with 

artificial intelligence and machine vision. The cart 

wandered into a nearby road and survived unscathed.
1310/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

In 1977 Tsukuba Mechanical Engineering 

Lab, Japan developed computerized 

driverless car. It achieved speeds of up to 

20 miles per hour, by tracking white street 

markers with machine vision. 

1410/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

In 1980s Ernst Dickmanns and his 

group at University Bundeswehr

Munich build robot cars, using 

saccadic vision, probabilistic 

approaches such as Karman filters, 

and parallel computers. 
1510/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

In 1986 teams from the Robotics Institute at 

the School of Computer Science, Carnegie 

Mellon University developed Navlab 1, one of 

the first autonomous vehicle. 
1610/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

1996 ARGO team from Universities of Parma and Pavia, Italy drove their Lancia 

Thema test bed car 1200 miles around Italy. 94% of the time was in autonomous 

mode.

1710/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

In 2005: DARPA’s American “grand 

challenge” begins. The top car, with a max 

speed of 40 kilometers per hour, to 

complete the 211 kilometer desert course 

was the Volkswagon of Stanford, which 

finished in 6 hours and 54 minutes.

1810/7/2016



3. 3. 3. 3. HistoryHistoryHistoryHistory

Over the 8 years since Google started the project for autonomous cars, the been 

involved in 11 minor accidents (light damage, no injuries) during those 1.7 million 

miles of autonomous and manual driving with our safety drivers behind the wheel, 

and not once was the self-driving car the cause of the accident.

Mercedes car with out drivers

Tesla car with out drivers

Apple car

1910/7/2016



3. 3. 3. 3. Communications. HistoryCommunications. HistoryCommunications. HistoryCommunications. History

• Vehicle Infrastructure Integration Initiative in 2003. 

• In 1997 twenty AHS-equipped vehicles demonstrating hands and feet off driving 

on I-15 in San Diego, California. 

• In November 2003 it was announced allocating 75 MHz of spectrum at 5.9 GHz 

for research purposes to improve transportation mobility. The basic concept of 

operations was that V2V and vehicle-to- infrastructure (V2I) communication 

could support safety and mobility applications. 

2010/7/2016



3. 3. 3. 3. Communications. Car Communications. Car Communications. Car Communications. Car evolutionevolutionevolutionevolution
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3. 3. 3. 3. Communications. ArchitectureCommunications. ArchitectureCommunications. ArchitectureCommunications. Architecture
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3. 3. 3. 3. Communications. Communications. Communications. Communications. 
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3. 3. 3. 3. Autonomous cars. PreAutonomous cars. PreAutonomous cars. PreAutonomous cars. Pre----Crash Scenario Typology Crash Scenario Typology Crash Scenario Typology Crash Scenario Typology 
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3. 3. 3. 3. Communications. Communications. Communications. Communications. Intrusion detection mechanismIntrusion detection mechanismIntrusion detection mechanismIntrusion detection mechanism
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3. 3. 3. 3. Communications. Examples of Crash Scenarios and Communications. Examples of Crash Scenarios and Communications. Examples of Crash Scenarios and Communications. Examples of Crash Scenarios and 
VehicleVehicleVehicleVehicle----totototo----Vehicle Applications Vehicle Applications Vehicle Applications Vehicle Applications 
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3. 3. 3. 3. Communications. Example of V2V Intersection Communications. Example of V2V Intersection Communications. Example of V2V Intersection Communications. Example of V2V Intersection 
Movement Assist Warning Scenario Movement Assist Warning Scenario Movement Assist Warning Scenario Movement Assist Warning Scenario 

3010/7/2016



3. 3. 3. 3. Communications. InCommunications. InCommunications. InCommunications. In----Vehicle Components of a V2V Vehicle Components of a V2V Vehicle Components of a V2V Vehicle Components of a V2V 
System System System System 

3110/7/2016



3. 3. 3. 3. Communications. Time Division Channel Usage Communications. Time Division Channel Usage Communications. Time Division Channel Usage Communications. Time Division Channel Usage 
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3. 3. 3. 3. Communications. V2V System Communications. V2V System Communications. V2V System Communications. V2V System and and and and ConventialConventialConventialConvential
systemsystemsystemsystem

3310/7/2016



3. 3. 3. 3. Communications. ICommunications. ICommunications. ICommunications. I----495 & 495 & 495 & 495 & RtRtRtRt 66 66 66 66 Interchange. Interchange. Interchange. Interchange. OOOOver ver ver ver 
800 vehicles in range of a single 800 vehicles in range of a single 800 vehicles in range of a single 800 vehicles in range of a single radioradioradioradio

3410/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. 

35

Novelty Feature Novelty Feature Novelty Feature Novelty Feature 

35

Three Types of Wireless Networks 

•LTE 

•802.11p (DSRC) 

•802.11 a/b/g/n/ac (Wi-Fi) 

•Two means of vehicle-to-vehicle 
communications (DSRC and/or WiFi) 

•Three ways of vehicle-to-infrastructure 
(LTE, DSRC, and/or WiFi). 

http://cohdawireless.com/Products/Hardware.a
spx

10/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. 

36

Novelty Feature Novelty Feature Novelty Feature Novelty Feature 

36

Hotz does point out that the Comma One 
kit isn’t meant to turn cars into complete 
self-driving vehicles, but it functions in a 
similar way to Tesla’s Autopilot system in 
the sense that drivers can put the driving 
function of the car to the car itself with 
minimal assistance. The product only costs 
$999 and can be shipped straight into a 
buyer’s home. The system does come with 
a $24 monthly subscription to use 
Comma.ai’s software. Only Honda and 
Acura models fitted with lane keeping 
assist will be able to use the technology.

10/7/2016



3. 3. 3. 3. Communications. SCommunications. SCommunications. SCommunications. Systemsystemsystemsystems

Intersection assist.When you approach an intersection, it alerts you if another vehicle is traveling at 
such a speed on a cross street that it could run a red light or stop sign and hit your car in the side. 

Left-turn assist. When in an intersection, it alerts you if there's not enough time to make a left-hand 
turn because of oncoming vehicles. 

Do-not-pass warning. When driving on a two-lane road, the system warns you when a vehicle 
coming in the opposite direction makes it unsafe to pass a slower-moving vehicle.

Advance warning of a vehicle braking ahead. The system emits an alert when a vehicle that's two 
or more cars ahead in the same lane—and possibly out of sight—hits the brakes unexpectedly. 

Forward-collision warning. A warning will sound if the system detects that you're traveling at a 
speed that could cause you to hit a slower-moving vehicle in the rear. 

Blind-spot/lane-change warning. When traveling on a multilane road, this illuminates a warning 
light when a car is positioned in your blind spot. 

3710/7/2016



3. 3. 3. 3. Communications. Communication Communications. Communication Communications. Communication Communications. Communication protocolsprotocolsprotocolsprotocols

1609.1 -Resource Manager: This standard provides a resource manager for WAVE, allowing 
communication between remote applications and vehicles.

1609.2 -Security Services for Applications and Management Messages

1609.3 -Networking Services: This standard addresses network layer issues in WAVE.

1609.4 -Multi-channel Operation: This standard deals with communications through multiple 
channels.

SAE J2735 SE which contains the Concept of Operations and the Software Requirements 
Specification for the J2735 SE standard, which covers the information exchange between 
applications in conjunction with wireless communications related to the next generation 
integrated transportation system, specifically, the interface to connected vehicles an 
infrastructure.

3810/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. Wireless spectrumWireless spectrumWireless spectrumWireless spectrum

• V2V communications transmit and receive messages at the 5.8-5.9 GHz 

frequency. 

• Wi-Fi-enabled radio local area networks, cordless telephones, and fixed 

outdoor broadband transceivers used by wireless Internet service 

providers) to operate in the same area of the wireless spectrum as V2V.

• More research needs to be done on whether these Wi-Fi enabled devices 

can share the spectrum successfully with V2V, and if so, how. 

3910/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. V2V V2V V2V V2V device certification device certification device certification device certification issues issues issues issues 

• Auto manufacturers (and V2V device manufacturers), attempting to comply with 

a potential V2V mandate, could have a significant testing obligation to 

guarantee interoperability among their own devices and devices produced by 

other manufacturers. 

• It a is likely that the entity or entities providing the security management 

system would require that device manufacturers comply with interoperability 

certification requirements to ensure the reliability of message content. 

4010/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. Standing Standing Standing Standing up security and up security and up security and up security and 
communications systems to support V2Vcommunications systems to support V2Vcommunications systems to support V2Vcommunications systems to support V2V

• V2V system needs security and communications infrastructure to enable and ensure the 

trustworthiness of communication between vehicles. 

• The source of each message needs to be trusted and message content needs to be 

protected from outside interference. 

• V2V system must include security infrastructure to credential each message, as well as a 

communications network to get security credentials and related information from 

vehicles to the entities providing system security (and vice versa). 

4110/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. Liability Liability Liability Liability concerns from concerns from concerns from concerns from industryindustryindustryindustry

• Auto manufacturers repeatedly have expressed to the agency their 

concern that V2V technologies will increase their liability as compared 

with other safety technologies. 

• V2V safety warning technologies, analytically, are quite similar to on-

board safety warnings systems found in today's motor vehicles. For this 

reason, NHTSA does not view V2V warning technologies as creating new 

or unbounded liability exposure for the industry. 

4210/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. PrivacyPrivacyPrivacyPrivacy

• The system will not collect or store any data identifying individuals or individual vehicles, nor 

will it enable the government to do so.

• There is no data in the safety messages exchanged by vehicles or collected by the V2V system 

that could be used by law enforcement or private entities to personally identify a speeding or 

erratic driver. 

• The system—operated by private entities—will not enable tracking through space and time of 

vehicles linked to specific owners or drivers. 

• Third parties attempting to use the system to track a vehicle would find it extremely difficult to 

do so, particularly in light of far simpler and cheaper means available for that purpose. 

4310/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. PrivacyPrivacyPrivacyPrivacy

• The system will not collect financial information, personal communications, or other 

information linked to individuals. 

• The system will enroll V2V enabled vehicles automatically, without collecting any 

information that identifies specific vehicles or owners. 

• The system will not provide a “pipe” into the vehicle for extracting data. 

• The system will enable NHTSA and motor vehicle manufacturers to find lots or 

production runs of potentially defective V2V equipment without use of VIN numbers or 

other information that could identify specific drivers or vehicles. 

4410/7/2016



3. 3. 3. 3. Communications. Communications. Communications. Communications. Consumer acceptanceConsumer acceptanceConsumer acceptanceConsumer acceptance

• If consumers do not accept a required safety technology, the technology will not create 

the safety benefits that the agency expects. 

• One potential issue with consumer acceptance is maintenance. If the security system is 

designed to require consumers to take action to obtain new security certificates –

depending on the mechanism needed to obtain the certificates -- consumers may find 

the required action too onerous. 

• The agency is exploring ways to make such downloads automatic, but more research is 

needed to understand this issue fully. 

4510/7/2016



3. 3. 3. 3. Communications. Maser communicates with a slave MCU through Communications. Maser communicates with a slave MCU through Communications. Maser communicates with a slave MCU through Communications. Maser communicates with a slave MCU through 
wireless Serial UART wireless Serial UART wireless Serial UART wireless Serial UART and RTS/CTS and RTS/CTS and RTS/CTS and RTS/CTS handshakehandshakehandshakehandshake
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3. 3. 3. 3. Communications. Communications. Communications. Communications. 
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3. 3. 3. 3. Communications. Communications. Communications. Communications. 
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3. 3. 3. 3. Communications. Communications. Communications. Communications. V2V V2V V2V V2V Security System Design for Security System Design for Security System Design for Security System Design for 
Deployment and OperationsDeployment and OperationsDeployment and OperationsDeployment and Operations

49

• Based on preliminary information, NHTSA (National Highway Traffic Safety

Administration) currently estimates that the V2V equipment would cost

approximately $341 to $350 per vehicle in 2020. The communications costs will

range from $3 to $13 per vehicle.

• Based on preliminary estimates, the estimated total annual costs range from

$0.3 to $2.1 billion in 2020.

• In terms of safety impacts, an annual basis potentially prevent 25,000 to

592,000 crashes, save 49 to 1,083 lives, avoid 11,000 to 270,000 MAIS 1-5

injuries, and reduce 31,000 to 728,000 property-damage-only crashes by the

time V2V technology had spread through the entire fleet.
10/7/2016



3. 3. 3. 3. Communications. Moral Communications. Moral Communications. Moral Communications. Moral ChallengesChallengesChallengesChallenges
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3. 3. 3. 3. Communications. Current V2V Security System Design for Deployment and Communications. Current V2V Security System Design for Deployment and Communications. Current V2V Security System Design for Deployment and Communications. Current V2V Security System Design for Deployment and 
Operations, Operations, Operations, Operations, V2V Security Design Comparison to a Basic PKI V2V Security Design Comparison to a Basic PKI V2V Security Design Comparison to a Basic PKI V2V Security Design Comparison to a Basic PKI 
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3. 3. 3. 3. Communications. Security Certificate Management System Organizational Model Communications. Security Certificate Management System Organizational Model Communications. Security Certificate Management System Organizational Model Communications. Security Certificate Management System Organizational Model 
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3. 3. 3. 3. Communications. Future Communications. Future Communications. Future Communications. Future researchresearchresearchresearch

53

• The impact of spectrum sharing with U-NII devices;
• Development of performance requirements for DSRC devices;
• Development of performance requirements for safety applications;
• The potential establishment of device certification and compliance procedures;
• The ability to mitigate V2V communication congestion:
• Incorporation of GPS positioning advancements to improve V2V relative 
positioning;

• Remedies to address false positive warnings from V2V safety applications;
• Driver-vehicle interface performance to enhance crash avoidance warning 
effectiveness;

• An appraisal of consumer acceptance of the technology; 
• Evaluation of V2V system privacy risks.
• An assessment of the security system to ensure a trusted and a safe V2V system10/7/2016



3. 3. 3. 3. Communications. CostCommunications. CostCommunications. CostCommunications. Cost

54

• Cost approximately $341 to $350 per vehicle in 2020, $209 to $227 by 2058.

• These costs would also include an additional $9 to $18 per year in fuel costs 
due to added vehicle weight from the V2V system. 

• Estimated costs for the security management system range from $1 to $6 per 
vehicle, and they will increase over time due to the need to support an 
increasing number of vehicles with the V2V technologies.

• The communications costs range from $3 to $13 per vehicle. 

10/7/2016



4. Conclusions4. Conclusions4. Conclusions4. Conclusions

• Further tests and developments have to be conducted for the V2V 

applications and combined with the sensor-based systems. 

• The current test procedures should be modified to reflect a greater range 

of speeds and a greater variety of road geometry configurations.  

• Research in V2V safety has to identify the performance of V2V safety 

applications. 

• Many questions have to be answered.
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4. Conclusions4. Conclusions4. Conclusions4. Conclusions

Internet of Vehicles (IOV) as an important part of the wisdom city is a 

complex integrated network system, which connects different people within 

automotives, different automotives and different environment entries in 

cities.

IOV is different from Telematics, Vehicle Ad hoc Networks, and Intelligent 

Transportation, in which vehicles like phones can run within the whole 

network, and obtain various services by swarm intelligent computing with 

people, vehicles, and environments.
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A selfA selfA selfA self----driving Uber car drives across the 9th Street Bridge in downtown Pittsburgh driving Uber car drives across the 9th Street Bridge in downtown Pittsburgh driving Uber car drives across the 9th Street Bridge in downtown Pittsburgh driving Uber car drives across the 9th Street Bridge in downtown Pittsburgh 
on Wednesday, Sept. 14, 2016. Pittsburgh is one of several places in the U.S. where on Wednesday, Sept. 14, 2016. Pittsburgh is one of several places in the U.S. where on Wednesday, Sept. 14, 2016. Pittsburgh is one of several places in the U.S. where on Wednesday, Sept. 14, 2016. Pittsburgh is one of several places in the U.S. where 
driverless vehicles are being tested on the roadsdriverless vehicles are being tested on the roadsdriverless vehicles are being tested on the roadsdriverless vehicles are being tested on the roads.
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DDDDevelopers submit to a 15evelopers submit to a 15evelopers submit to a 15evelopers submit to a 15----point ‘safety assessment’ outlining how driverless cars are point ‘safety assessment’ outlining how driverless cars are point ‘safety assessment’ outlining how driverless cars are point ‘safety assessment’ outlining how driverless cars are 
tested, safeguards in the event of a system failure and how vehicles are programmed to tested, safeguards in the event of a system failure and how vehicles are programmed to tested, safeguards in the event of a system failure and how vehicles are programmed to tested, safeguards in the event of a system failure and how vehicles are programmed to 
comply with traffic laws. The guidelines also expect firms to detail plans to prevent vehicle comply with traffic laws. The guidelines also expect firms to detail plans to prevent vehicle comply with traffic laws. The guidelines also expect firms to detail plans to prevent vehicle comply with traffic laws. The guidelines also expect firms to detail plans to prevent vehicle 
hackinghackinghackinghacking
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Some techSome techSome techSome tech----industry veterans in Seattle want to ban human drivers from a 150industry veterans in Seattle want to ban human drivers from a 150industry veterans in Seattle want to ban human drivers from a 150industry veterans in Seattle want to ban human drivers from a 150----mile stretch of mile stretch of mile stretch of mile stretch of 
Interstate 5 and reserve it for selfInterstate 5 and reserve it for selfInterstate 5 and reserve it for selfInterstate 5 and reserve it for self----driving cars, trucks and busesdriving cars, trucks and busesdriving cars, trucks and busesdriving cars, trucks and buses.
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ForecastsForecastsForecastsForecasts

• NuTonomy to provide self-driving taxi services in Singapore by 2018, expand 

to 10 cities around the world by 2020

• Delphi and MobilEye to provide off-the-shelf self-driving system by 2019

• Ford CEO announces fully autonomous vehicles for mobility services by 2021

• Volkswagen expects first self driving cars on the market by 2019

• GM: Autonomous cars could be deployed by 2020 or sooner

• BMW to launch autonomous iNext in 2021
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ForecastsForecastsForecastsForecasts

• Ford’s head of product development: autonomous vehicle on the market by 2020

• First autonomous Toyota to be available in 2020

• First fully autonomous Tesla by 2018, approved by 2021

• Driverless cars will be in use all over the world by 2025

• Uber fleet to be driverless by 2030

• Next generation Audi A8 capable of fully autonomous driving in 2017

• Nissan to provide fully autonomous vehicles by 2020

• IEEE predicts up to 75% of vehicles will be autonomous in 2040
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4. Conclusions, 4. Conclusions, 4. Conclusions, 4. Conclusions, V2V safety applications: V2V safety applications: V2V safety applications: V2V safety applications: 

• Forward Collision Avoidance 

• Emergency Electronic Brake Lights 

• Blind Spot Warning 

• Lane Change Assist 

• Do Not Pass Warning 

• Intersection Collision Warning 

• Wrong Way Driver Warning 

• Cooperative Adaptive Cruise Control 
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4. Conclusions, V2I 4. Conclusions, V2I 4. Conclusions, V2I 4. Conclusions, V2I safety applications: safety applications: safety applications: safety applications: 

• Red Light Running 

• Left/Right Turn Assist 

• Pedestrian Signal Assist 

• Emergency Vehicle Preempt Transit Signal Priority 

• Freight Signal Priority 

• Rail Crossing 
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