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About the Center for Advanced
Automotive Technology (CAAT)

• Located at Macomb Community College South Campus
• Partnered with Wayne State University
• Became an Advanced Technological Education Center in 2010 

funded by the National Science Foundation 
• Mission

– Advance the preparation of skilled technicians for the automotive 
industry’s more environmentally friendly and safer vehicles.

– Be a regional resource for developing and disseminating advanced 
automotive technology education.
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CAV Main Questions

• Why the interest in autonomous vehicles?

• How does the technology work?

• What are the remaining challenges?



Some of Today’s
Advanced Driver Assistance Technologies
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The Impact of Car Crashes on the Economy 
beyond 34,000 Deaths per Year in the US Alone
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Dr. Gary Smyth, Executive Director, General Motors Research and Development Laboratories, presentation at 23rd Annual 
ITS Wisconsin Forum, November 8, 2017
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Dr. Gary Smyth, Executive Director, General Motors Research and Development Laboratories, presentation at 23rd Annual 
ITS Wisconsin Forum, November 8, 2017



Integrated Systems Approach to 
Vehicle Automation



The Complexity of Automated Driving



POLLING QUESTION #1

• How many levels of automated driving are 
there as defined by SAE?

• 1) 3

• 2) 6

• 3) 4



ADAS and Automated Vehicle Sensors
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Different Sensors Have Different 
Geometry and Range
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Vision/Radar/Lidar Operation and Fusion



What is an ultrasound sensor

Sonar stands for Sound Navigation And Ranging. tasks

An ultrasonic sensor measures the distance to an object using 
ultrasonic sound waves. An ultrasonic sensor uses a transducer to 
send and receive ultrasonic pulses that relay back information 
about an object’s proximity. It has been used in vehicles to 
assist drivers with their driving primarily for parking and 
obstacle detection. 



Ultrasonic Sensors Car Detection

https://medium.com/@BabakShah/ultrasonic-sensors-in-self-driving-cars-d28b63be676f

https://medium.com/@BabakShah/ultrasonic-sensors-in-self-driving-cars-d28b63be676f




What is LIDAR?
surveying

laser

laser scanning 3D scanning

ultraviolet visible near infrared

https://en.wikipedia.org/wiki/Surveying
https://en.wikipedia.org/wiki/Laser
https://en.wikipedia.org/wiki/Laser_scanning
https://en.wikipedia.org/wiki/3D_scanner
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Interferometric_visibility
https://en.wikipedia.org/wiki/Near_infrared


LIDAR for transportation systems





Sensor Fusion Improves Performance
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• Probability of correct detection and classification1

– Increases with additional sensors and redundancy
– Utilize sensors with highest signal to noise ratio (S/N) under the 

ambient conditions
– Disregard sensors that have low S/N under the ambient conditions
– Marginal gains decrease for more than 5 sensors

• Reliability of systems2

– Adding more sensors increases the reliability of the overall system
– Mean time to failure of a system with more sensors is increased

Advantages of Redundant Sensor Fusion

References:
1Hall, David L., “Mathematical Techniques in Multisensor Data Fusion", Artech House Information Warfare Library, February 26, 2004 
2Deyst, John, “Real Time Systems for Aerospace Vehicles”, MIT 16.840 Aeronautics & Astronautics Course Notes, Spring 1999



Multi-domain Controller
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Enables future system optimization/upgradability

Multi-domain 
controller
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 Scalable software platform 
 Reduced architecture complexity
 Faster 

communication/interconnection
 Multi-processor configuration

Production launch in 2017

Centralized Sensor Fusion/ControlActive Safety Multi-domain controller



Typical Software Applications: Lines of Code 

24 million lines of code
F-35 fighter jet

61 million lines of code
Facebook

12 million lines of code
Android Operating System

Premium vehicle

44 million lines of code
Microsoft Office 2013

50+ computers 
To deliver a world-class user 

experience, active safety and high 
performance drivability

Premium vehicles today operate with over 100 million+ lines of code
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*Software lines of code information courtesy of informationisbeautiful.net 

Premium vehicles today operate with over 100 million+ lines of code



POLLING QUESTION #2



Electrical Consumption



Automated Driving: 
Enabling and Supporting Technology
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Source:  Texas Instruments ADAS Solutions Guide

HIGH DEFINITION MAPS V2X COMMUNICATIONS





The Process of Delivering 
Real-Time Maps



Introducing the Concept of 
“Connected” Vehicles



The Connected Car Evolves…



Cars talking with surrounding 
infrastructure…
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Dedicated Short Range Communications (DSRC) and 
Vehicle Ad-Hoc Networks for V2V Communications

• DSRC uses 5.9 GHz frequency and 75 MHz bandwidth (seven 10 MHz 
channels) plus 5 MHz guard band

• 2017 Cadillac CTS is first to have DSRC





With Connectivity, Data Becomes “Bigger”



With More Data and Connectivity Comes More 
Vulnerability of Cybersecurity 



POLLING QUESTION #3

• An autonomous car is not a connected car?

• 1) True
• 2) False



Toyota’s Assessment of 
Automated Vehicle Technology



Toyota’s Assessment (Continued)
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4/14/2021Weather can blind sensors

Challenges: Sense
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Challenges: Sense
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Challenges: Plan



Artificial Intelligence



Connected Cars



Challenges: Cost
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Testing Level 3, 4, and 5 Vehicles
• Test tracks

– Michigan
• M-City (Ann Arbor)
• American Center for Mobility (Willow Run)

– DOT, 10 sites (including ACM)
– Korea, “the biggest test facility”

• On Road
– Google  - let’s go right to level 5

• Mountain View, CA -- the pod with no driver controls
• FCA and Waymo, Pacifica Minivans

– GM, Chevy Bolt, “test vehicles from the factory”
• Computer simulations
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MEGACITIES



Ride Sharing Influence

Carma
BlaBlaCar
Lyft
Car2Go
Relay Rides
Sidecar
Uber
Ridejoy
Getaround
JustShareIt

Autonomous electric cars that you share?
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Thank You!

Questions?


	The Road to Autonomous Vehicles
	About the Center for Advanced�Automotive Technology (CAAT)
	CAV Main Questions
	Some of Today’s�Advanced Driver Assistance Technologies
	Slide Number 5
	Slide Number 6
	The Impact of Car Crashes on the Economy beyond 34,000 Deaths per Year in the US Alone
	Slide Number 8
	Slide Number 9
	Integrated Systems Approach to �Vehicle Automation
	The Complexity of Automated Driving
	POLLING QUESTION #1
	ADAS and Automated Vehicle Sensors
	ADAS and Automated Vehicle Sensors
	Different Sensors Have Different Geometry and Range
	Vision/Radar/Lidar Operation and Fusion
	Slide Number 17
	Slide Number 18
	Slide Number 19
	What is LIDAR?
	LIDAR for transportation systems�
	Slide Number 22
	Sensor Fusion Improves Performance�
	Advantages of Redundant Sensor Fusion
	Multi-domain Controller
	Typical Software Applications: Lines of Code 
	Slide Number 27
	Typical Software Applications: Lines of Code 
	POLLING QUESTION #2
	Electrical Consumption
	Automated Driving: �Enabling and Supporting Technology
	Slide Number 32
	The Process of Delivering �Real-Time Maps
	Introducing the Concept of �“Connected” Vehicles
	The Connected Car Evolves…
	Cars talking with surrounding infrastructure…
	Slide Number 37
	Slide Number 38
	With Connectivity, Data Becomes “Bigger”
	With More Data and Connectivity Comes More Vulnerability of Cybersecurity 
	POLLING QUESTION #3
	Toyota’s Assessment of �Automated Vehicle Technology
	Toyota’s Assessment (Continued)
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Artificial Intelligence
	Connected Cars
	Challenges: Cost
	Testing Level 3, 4, and 5 Vehicles
	MEGACITIES
	Ride Sharing Influence
	Slide Number 53

