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Autonomous Vehicles Defined 

• A vehicle capable of sensing its environment 
and driving itself from place to place without 
input from a (human) driver. 
 

• Semi-autonomous:  A vehicle with limited 
automatic capabilities such as being able to 
steer, accelerate, brake, stop, change lanes, 
and park itself.  A driver is required to prevent 
mishaps and crisis situations. 

• Consumers Report, May 2016 



Detroit Goes to Silicon Valley! 



Today’s Agenda 
 

• The promise of the autonomous vehicle  

• What’s happening with self-driving vehicles? 

• Components of a self-driving car 
– Sensors (instruments); 

– Software (what sensors see) 

– Artificial Intelligence (AI, decisions). 

• Human Factors. 

• Regulations, Questions, Implications.  

  



Why Driverless Cars ? 

 

• Least reliable part of an automobile 

  ....the human driver!  

 

• Drivers cause about 90% of auto accidents  

 

• Eliminate the driver with electronics, 
software, and artificial intelligence ! 

 



 
… of course the Debate! 

 
 

 

• Self-Driving cars vs Semi-Automated cars 

 

• New     “Artificially Engaged Vehicles” 

 



Deere Tractor 

• <https://www.youtube.com/watch?v=D7xc45LyhoU> 



Early DARPA Entrants 



Some Recent Events 

• GM bought Cruise Automation $1B: Cruise autopilot 
used by Audi and Nissan.  

 

• Obama Administration $4-billion effort to accelerate 
the introduction of self-driving vehicles.  

 

• Automobile manufacturers promise DOT  AEB 
(Automatic Emergency Brakes) on all vehicles by 
2020. Not mandated. Manual transmissions xcluded.  

 

• Tie-Ups:  Delphi-Mobileye;  Google-Ford,  GM-Lyft 

 

 



Mcity at Univ Michigan 



Efforts Under Way! 

• Google  Over one-million miles –200,000 stop signs,600,000 
traffic lights. NO steering wheel, brake pedal or accelerator 
pedal. Google and Ford tie-up! 

• Mercedes  Now available with Automatic Emergency Braking 
systems.  F015 Luxury concept car (2015 auto show) …mobile 
living space four rotating lounge chairs. Play bridge!  

• Delphi Focus on responsiveness to unexpected obstacles or 
changes in road(a bicyclist).  

• Nissan Claim Nissan/Renault cars able to operate in complex 
cities by 2020.  Only firm discussing the connected car (inter-
vehicle communicates).   



More Efforts Under Way! 
 

• Audi   Level-3 Autopilot in 2018. Hands-free in  traffic 
moving less than 37 mph. Self-driving cars in 20-30 years!   

 

• Bosch Proceeding step-wise with “assisted automation”.  
Predictive braking system… Traffic-Jam assistance system. 

 

• Volvo  2015 Volvo model with “adaptive cruise” to follow a 
car ahead in traffic.  2017 Drive-Me project for 100 self-
driving Volvos for employee drive-to-work route.  

 

•  Toyota Will not develop/produce autonomous vehicles! 

 



Google Car 



Complex Relationships  (x-suppliers) 



Google Car 



Self-driving Uber car in Pittsburg 



Equipment on Google Car 

• Global Positioning System (GPS) -rough position. 

• Velodyne 64-beam laser roof mounted -3D map.  

• Radars (4) front & rear bumpers to detect fast cars. 

• Camera (rearview mirror)- see traffic lights/signs.  

• Inertial Guidance Measurement Unit -detect 
vehicle motion changes.  

• Wheel Encoder to determine vehicle location and 
past record movements. 

• …… ! 

  
 



Instruments on Google Car 



Equipment on Google Car (+) 

• Global Positioning System (GPS) -rough positioning. 

• Velodyne 64-beam laser roof mounted -3D map.  

• Radars (4) front & rear bumpers to detect fast cars. 

• Camera (rear-view mirror) -detect traffic lights/signs.  

• Inertial Guidance Measurement Unit -detect vehicle 
motion changes.  

• Wheel Encoder to determine vehicle location and past 
record movements. 

• Baseline Maps! 

  
 



 
Baseline Maps! 

 
• …a very high definition inch-by-inch precision map of the area the 

vehicle is expected to use/see... 

•  before sending the self-driving car on a road test, Google 
engineers drive along the route one or more times to 
gather data about the environment. When it's the 
autonomous vehicle's turn to drive itself, it compares the 
data it is acquiring to the previously recorded data, an 
approach that is useful to differentiate pedestrians from 
stationary objects like poles and mailboxes. (IEEE Spectrum.) 
 

• The on-board data (captured by your moving vehicle) are 
combined with these externally obtained (master) maps 
on remote computer farms.  

 



TED TALKS Chris Urmson 



 
COMPLEXITY OF VEHICLE SOFTWARE  

–lines of code! 
 

• 100 M average luxury car (projected) 

 

• 20 M  navigation system 2009 S-Class Mercedes 

• 10 M  average 2010 Ford auto 

• 6.5 M  Boeing 787 Dreamliner 

• 5.7 M  US AirForce F-35 fighter jet 

• 1.7 M  US AirForce  F-22 Raptor jet (5thgen)   

 



Human Factors 

  

…Intelligent cruise control (cruise & 
lane control) can increase driver 
drowsiness and reduce reaction times 
leading to greater driver error… 
        French research study (3 years old) 

 

 



Human Factors 

 

• Stanford University tested people on a virtual 
driving simulator to determine how long it takes a 
human to take-over/regain control of a vehicle…       
in the first ten seconds the operator response is 
“as good” as the average drunk driver!  It takes a 
full 60 seconds for an driver to regain full cognitive 
capabilities of an experienced driver!   
 

.…  10 seconds in an car 60 mph is about 880 ft  

 



 

CA Regulations 
 

CDMV: Summary of Draft Autonomous Vehicles 

Deployment Regulations, Dec 16, 2015  

 

 

DMV divided the development of the autonomous 
vehicles regulations into two phases – testing and 
deployment… 
 

1. Manufacturer Safety Certifications and Third-Party 
Vehicle Demonstration Test  
Safety certifications from both the manufacturer and a 
third-party testing organization will validate the 
readiness of the autonomous vehicle … 
 

2. Licensed Driver Required in the Vehicle  (next slide) 



CA Regulations (2) 

• 2. Licensed Driver Required in the Vehicle  

Autonomous vehicle operators must be a licensed 
driver who possesses an autonomous vehicle operator 
certificate issued by the DMV. The operator will be 
responsible for monitoring the safe operation of the 
vehicle at all times, and must be capable of taking over 
immediate control in the event of an autonomous 
technology failure or other emergency. In addition, 
operators will be responsible for all traffic violations that 
occur while operating the autonomous vehicle. These 
operator requirements create the safeguard of a driver 
who is capable of taking control of the vehicle when 
needed.  



NHTSA Letter 
            02/04/16 General Counsel    

         … NHTSA will interpret “driver” in the context of Google’s 
described motor vehicle design as referring to the SDS, and not 
to any of the vehicle occupants.  We agree with Google its SDV 
will not have a “driver” in the traditional sense…  If no human 
occupant of the vehicle can actually drive the vehicle, it is more 
reasonable to identify the  “driver” as whatever (as opposed to 
whoever) is doing the driving.  In this instance, an item of motor 
vehicle equipment, the SDS, is actually driving the vehicle.  
 … interpreting the term “driver” in a manner that Google has 
requested does not necessarily change the requirements of the 
regulation or otherwise fully resolve the issue Google seeks to 
address.  
  
(NHTSA follows this decision with an additional 21 page letter of instruction.)   
 …Deeming the SDS to be the driver of a motor vehicle does not excuse that 
vehicle from compliance with the brake requirements of applicable standards.    

 
  

 



NHTSA 

 

• Five-levels of vehicle automation defined. 

 

• Sept: Recommended companies should adopt 
recommendations for vehicles ready for US roads 
-including safeguards for systems failures. 

 

• Note: NHSTA has no legal pre-market regulatory 
authority!  

 

 

 



TESLA in the Headlights! 

• Tesla is said to be under investigation …   for failing to 
disclose a fatal crash.   LATimes (7/11/16) 

 

• Other Tesla crash blamed on Autopilot system. (CNET)  

 

• SEC Investigating Tesla for Possible Securities-Law.  

• Lack of disclosure of Autopilot-related crash to investors.   
WSJ (7/11/16) 

 

• Tesla-  no plans to disable Autopilot. WSJ (7/12/16) 

  



Tesla vs Mobileye 

• Tesla to part ways with key supplier of 
Autopilot Gear (Mobileye)    WJS 7/27/16 

 

• Tesla to modify Autopilot on earlier models 
and deliver software updates over the air!    

WSJ 9/12/16 

 

• Mobileye will not provide Tesla with net-
generation software. 



IMPLICATIONS & QUESTIONS 

• Responsibility 
Liability  
Accidents and insurance rates 

 
• Privacy/ “Big Brother” 
  But officer I did not run the red light!! 

 
• Reality 

– Snow, NYC parking, Hacking 
– “aggressive vs patient software” 

 
  

 
 



The Bottom Line 

 

• The Future …   coming rapidly! 

 

• Sensors are here and cheap! 

• Software is complex and expensive!  

 

• Do we really want to give-up driving??? 

 

 



. 

 

• The use of backup drivers (by Uber in 
Pittsburgh) is an acknowledgement that 
current autonomous driving systems 
cannot handle the wide-range of 
unpredictable circumstances on public 
roads… 

     Associated Press: Pritchard & Krister 

 

 



#20   What is the newest feature to avoid if   
you buy a car this year ? 

 

Self-driving capability!    …but if you’re 
actually paying attention and engaged in the 
driving of your car, then semi-autonomy is 
just a suite of systems that, at their best, beep 
and buzz at you and , at their  worst, wrestle 
with you for control of the wheel and slam on 
the brakes at inopportune times.  

 
Car & Driver Mag. Sept 2016 

 



  

 

OK, Take you hands off the 
wheel and start driving!!! 
 

 

Jon Reiner, NYT July 30 

 

 



TED TALKS Chris Urmson 

• https://www.ted.com/talks/chris_urmson_ho
w_a_driverless_car_sees_the_road   segment 
7:45 to 12:50 

 

https://www.ted.com/talks/chris_urmson_how_a_driverless_car_sees_the_road
https://www.ted.com/talks/chris_urmson_how_a_driverless_car_sees_the_road


Mapping 

https://www.youtube.com/watch?v=cEtpoeFZxC
w 
Video of Ryan Eustice on mapping  214-26 and 
29-35 

https://www.youtube.com/watch?v=cEtpoeFZxCw
https://www.youtube.com/watch?v=cEtpoeFZxCw


HUMAN FACTORS 

• RI Seminar: Ryan Eustice : University of 
Michigan’s Work Toward Autonomous Cars 
You Tube Oct 30 2015    segment 46.05 to 
49.25 and  56.50 

 


