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They are here. 
Many more are coming. 
Billions of dollars spent. 
The question is how soon 
they will be most cars.

SELF-DRIVING CARS



There have been a few 
deaths. 
There will be some more. 
But some deaths didn’t stop 
airplanes, cars or helicopters.

SELF-DRIVING CARS



Many humans are not great drivers. 
 40,000+ annual U.S. deaths. 
 1.6 million+ annual international deaths. 
 Human error causes nearly 95 % of  
 crashes. 

Great moneymaking opportunity. 

The first truly hands-off, self-driving car is 
expected to be here by 2022. Fully 
autonomous cars without steering wheels 
or gas and brake pedals may be in 2027.

WHY HAVE SELF-DRIVING CARS 



A computer (many) with an engine and wheels. 
A self-driving car or autonomous car is a vehicle that is 
capable of sensing its environment and moving with 
little or no human input. 
Self-driving cars contain many sensors to perceive 
their surroundings, such as cameras, radar, Lidar, 
sonar, GPS, and odometry and inertial measurement 
units. The Tesla has 21 sensors. 
Self-driving cars depend on machine learning AI. The 
world is too complex for programmed rules. Cars must 
learn from experience and figure out how to navigate 
on their own. But in Singapore, the system was 
confused by guy crossing street in chicken suit.

WHAT IS A SELF-DRIVING CAR? 



ADVANCED SAFETY SYSTEMS 
FCW (forward-collision warning): Visual and/or audible warning intended alert the driver 
and prevent a collision. 
AEB (automatic emergency braking):  Brakes are automatically applied to prevent a 
collision or reduce collision speed. 
CAEB (city automatic emergency braking): Brakes are applied when traveling at city speed. 
HAEB (high-speed automatic emergency braking): Brakes are applied  when traveling at 
highway speeds. 
PD (pedestrian detection)  - The system can detect pedestrians, then issue warning and 
trigger braking. 
LDW (lane departure warning):  Visual, audible, or haptic warning to alert driver when 
crossing lane markings. 
LKA (lane keeping assist): Automatic corrective steering input or braking when crossing 
lane markings. 
BSW (blind spot warning): Visual and/or audible notification of vehicle in blind spot.  
RCTW (rear cross-traffic warning): Visual, audible, or haptic notification of object or vehicle 
out of rear camera range, but could be moving into it. 
Rear AEB (rear automatic emergency braking): Brakes are automatically applied to prevent 
backing into something behind the vehicle. 
LCA (lane-centering assist):  Continuous active steering to stay in between lanes 
ACC (adaptive cruise control):   Adaptive cruise uses lasers, radar, cameras, or a 
combination of these systems to keep a constant distance between you and the car ahead, 
automatically maintaining a safe following distance.



T H E S O C I E T Y O F A U T O M O T I V E 
ENGINEERS IN 2014 DEFINED SIX 
LEVELS OF AUTONOMOUS DRIVING (0-5).



Level 0 (No Automation). Cars rely on the 
driver to drive: accelerate, steer, and brake. 
They may have features that warn the driver 
to take corrective action. 
Level 1 (Driver Assistance). Cars have some 
small speed or steering tasks. Level 1 
features may include adaptive cruise 
control, lane keep assist or lane centering 
assist, or automatic emergency braking for 
pedestrians and other vehicles. Where Level 
0 features just warned, Level 1 cars act.

6 LEVELS OF AUTONOMOUS DRIVING 



Level 2 (Partial Automation). Cars, at the 
least, handle steering (lane centering assist), 
as well as automatic throttle control and 
braking (adaptive cruise control). The cars 
might also change lanes automatically when 
requested, or abort a lane change if another 
car moves into the blind spot.  
But a Level 2 car cannot handle many 
common conditions such as a car just ahead 
changing into your lane, cars merging from 
an on-ramp, sharp curves, or hard braking 
by the car ahead.

6 LEVELS OF AUTONOMOUS DRIVING 



For Levels 0, 1 and 2, the human driver monitors 
the driving environment. For levels 3, 4 and 5, 
it’s the automated driving system which does it. 
Level 3 (Conditional Automation) is real 
automation, but with conditions. The system will 
control the car in many situations, including on 
highways and most local roads, in tricky merge 
situations, negotiating rotaries. And more. 
The car will return control to the driver if the 
autonomous system failed or if it encountered a 
situation it couldn’t handle. Could be a problem. 
Skipping Level 3 now seems unlikely.

6 LEVELS OF AUTONOMOUS DRIVING 



Level 4 (High Automation) cars are almost 
completely autonomous. The driver doesn’t 
need to interact with the car while it drives 
itself. If something goes wrong, the car will 
automatically slow down, pull off the road if 
possible, engage the four-way flashers, and 
call for help if it has onboard telematics. 
A Level 4 might not be able to navigate 
unmapped areas or venture into storms that 
block machine vision and obscure pavement 
markings. But most of the time the driver is a 
passenger in a Level 4 car.

6 LEVELS OF AUTONOMOUS DRIVING 



Level 5 (Full Automation) cars are autonomous 
under all circumstances. It could go anywhere 
it’s possible to drive a car, as well as navigate 
mall parking lots and school pickup zones. It 
would operate in snow and ice and on roads 
with worn-out pavement markings. 
Driver controls on a Level 5 car would be 
unlikely, since it’s meant to be autonomous all 
the time. The front seat might face the back 
seat. They could be a fleet of tractor trailers 
plying the interstates. They could be campus or 
hotel shuttles.

6 LEVELS OF AUTONOMOUS DRIVING 



The first truly automated car was developed in 1977 in Japan.  
Autonomous prototype cars appeared in the 1980s, lots of 
funding by DARPA. 
Carnegie Mellon University’s Navlab drove 2,848 miles across 
America in 1995, 98% of it autonomously. 
In 2015, an Audi with Delphi technology drove 3,400  miles 
through 15 states, 99% of it autonomously. 
In February 2018, Telsa cars were driving 5.5 million miles per 
month. 
In May 2018, MIT announced that it had built an automated car 
that can navigate unmapped roads. 
In October 2018, Waymo stated that its test vehicles had 
traveled in automated mode for over 10 million miles, 
increasing by about a million miles per month. 
In 2019 1Q, about 7 % of new US cars were self-driving. That’s 
about 200,000 cars, 3 times over 2018. Most Toyota & Nissan.

HISTORY



Tesla - 21 sensors; no lasers. 
Waymo (Google) - Started in 2009. 
Car makers - Toyota, Nissan, Ford, Cadillac 
(available on 200K miles divided highway and 
monitors driver), Audi, BMW, Mercedes, & 
Jaguar. 
Uber (backed by Volvo, Daimler and Toyoto) and 
Lyft - Self-driving taxis in 4 cities. Uber’s cars 
use 64 laser beams, along with other sensors. 
Tech giants - Apple, IBM, Intel. 
More than 50 companies are building AI-based 
software for self-driving cars.

WHO'S WORKING ON SELF- DRIVING CARS



8 cameras provide 360 degrees of visibility around the car at 
up to 750 feet. 12 ultrasonic sensors allow for detection of 
both hard and soft objects at nearly twice the distance of the 
prior system. A forward-facing radar provides can see through 
heavy rain, fog, dust and even the car ahead. 
High speed computer on a  neural network. 
This system provides a view of the world that a driver alone 
cannot access, seeing in every direction simultaneously, and 
on wavelengths that go far beyond the human senses. 
Tesla says new Tesla cars have the hardware needed for full 
self-driving in almost all circumstances. The system is 
designed to be able to conduct short and long distance trips 
with no action required by the person in the driver’s seat. But 
problems with lane changing assist and some other features. 
As new self-driving capabilities are introduced, the Tesla is 
continuously upgraded through over-the-air software updates.

TELSA CARS



Unlike other companies, Tesla bets that they 
can run a self-driving car that performs better 
than a human without expensive and bulky 
Lidar. 
The newest Tesla Autopilot software has the 
largest vision neural network ever trained. It 
is based on Google’s neural network, but is 
now 10 times larger. 
Tesla in April 2019 unveiled plans for a ride-
hailing app competing with Uber & Lyft, using 
your Tesla to host the car for ride-sharing.

TELSA CARS



Waymo’s cars perform much better than any 
other self-driving system, but surprisingly they 
have many fewer miles driven in the real world 
than Tesla and other self-driving car makers. 
Waymo tests its software in a simulated world 
called Carcraft to simulate thousands of 
scenarios to probe the car’s capability. Its 
simulated world has logged 1,000 times more 
miles than actual cars. 
Waymo in December 2018 launched an Early 
Rider 24-hour taxi service in the Phoenix.  
Often no driver! It has also started testing 
Jaguars and Class 8 trucks. tcrn.ch/2tqN6UC.

WAYMO CARS

https://tcrn.ch/2tqN6UC


Level 2 hardware is ready. The real job is to endlessly 
improve the software. 
Tesla, Audi, GM, and Volvo are the leaders. A Tesla 3 
self-drove  LA to New York in 50 hours in January 2018. 
Spent $100 in charging. Tesla sold 368,00 cars in 2019, 
more than in the prior 2 years combined. 
Audi said it will have a Level 3-capable A8 sedan in 2018 
and fully autonomous vehicles in 2020. Ford said it will 
skip Level 3 and produce a Level 4 vehicle in 2021. 
Honda said its goal is to have self-driving cars by 2020. 
Renault-Nissan expects self-driving cars in 2020, and 
driverless cars (no steering wheel) by 2025. Volvo has a 
goal of a Level 4 vehicle in 2021. 
Nah, car companies were and are too optimistic.

WHERE SOME CARMAKERS STAND



Testing cars can be done in closed tracks or 
environments, on public roads, or in computer 
simulations. 
Most self-driving car testing gets done in good weather 
and on good roads. 
One way to assess the progress of self-driving cars is to 
compute the average distance driven between 
"disengagements" (when the automated system is 
turned off). In 2018, Waymo averaged 11,018 miles 
between disengagements, the highest among companies 
reporting such figures, and twice the 2017 distance. 
Technologically, we are 85% to 90% of the way to 
perfecting the hardware, guidance systems, and 
software to make cars that can reliably and safely drive 
themselves. But the final steps are not easy.

TESTING



Are we using customer drivers as test subjects?  
There is a wide range of approaches carmakers taking to 
develop and new technologies. 
Tesla is rolling out autonomous features to its cars 
incrementally. “It would be morally wrong to withhold 
functionalities that improve safety” 
Waymo is conservative -  self-driving cars shouldn’t be sold 
until human action isn’t required at all. 
Other companies fall somewhere in the middle of those two 
approaches. 
NHTSA unveiled new voluntary safety measures in October, 
2018 that it would like any company bringing a self-driving car 
to market to address, such as how and in what circumstances 
the car drives itself, how it was tested, and how it was 
engineered to be safe.

TESTING



Tesla collects around 5.5 million miles of data per day. 
For comparison, Waymo has the next most data with 
about 10 million miles driven in its lifetime, i.e., in 2 days, 
Tesla acquires more data from its cars than Waymo has 
in its lifetime. 
Tesla has an advantage over other carmakers: It can 
update the system by doing an over-the-air update and 
make the system better without having to sell new cars 
or have them serviced. 
But testing in the simulated world may be essential for 
developing a safe system that can perform better than 
humans.

TESTING



As of late 2019, ~43 states and DC have laws 
or executive orders regarding self-driving 
cars. 
Congress still trying to pass legislation. 
The UK, France, Switzerland, Hungary, and 
Singapore also allow testing on public roads.

LEGISLATION



Unfortunately, fatalities with self-driving 
software will always occur, just as with 
human drivers. 
The most common accident involving 
self-driving cars is getting hit from the 
rear.  

INCIDENTS



Tesla - In January 2016, the first known fatal 
crash of a Tesla with Autopilot occurred in 
China's Hubei province. Second occurred in 
Florida in May 2016. NTSB concluded Tesla 
was not at fault. For Tesla cars, the crash 
rate dropped by 40% after Autopilot was 
installed. 
Navya automated  - In November 2017, a 
Navya self-driving bus was struck by a truck 
whIch was found to be at fault of the crash.

INCIDENTS



Waymo (Google) - By February 2018, Google 
had test-driven its fleet in automated mode 5 
million  miles. As of early 2016, Google test 
cars had been involved in 14 collisions, of 
which other drivers were at fault 13 times and 
the car's software caused a crash 1 time. 
Uber - By December 2017, Uber had 
completed 2  million miles in automated 
mode. In March 2018, the first pedestrian to 
be killed by a self-driving car was hit by an 
Uber vehicle.

INCIDENTS



AI is not yet able to function properly in chaotic inner-city or 
developing country environments, i.e., India, Syria, or 
Vietnam. 
A car's computer could be compromised, as could a 
communication system between cars. 
Bugs and flaws in complex software systems. 
Susceptibility of the car's sensing and navigation systems to 
different types of weather (such as snow and ice). 
Avoidance of large animals requires recognition and 
tracking - deer versus kangaroos. 
Competition for the radio spectrum desired for the car's 
communication. 
Current road infrastructure may need changes for self-
driving cars to function optimally.

TECHNOLOGICAL OBSTACLES 



Sensor Technology. What combination of sensors creates 
the best balance of capability, complexity, and cost. Radar 
is adept at calculating speed and distance, but it can’t 
distinguish whether an upcoming obstacle is a living thing 
or a similarly sized rock, or whether a traffic light is red or 
green.  
Lidar (lasers) create a three-dimensional map and gives the 
car depth perception, but it can cost as much as $7,500 per 
car and it can be easily fooled by rain and snow. 
Mapping. GPS systems can pinpoint locations of phones 
and cars to within 2 meters roughly 95% of the time. That’s 
not good enough to let the car drive on its own. High-
definition 3D maps are accurate to within a few 
centimeters. One of the challenges of 3D maps using lidar 
is that they’ll need storage and processing powers well 
beyond what could fit in a car today.

MORE TECHNOLOGICAL OBSTACLES



Software. Programming cars to make them 
safe on busy roads requires painstaking 
programming of real-life situations, machine 
learning, and AI so that they can recognize 
what’s happening in every conceivable 
circumstance.  
2 ways. Program in every possible 
eventuality (impossible) or teach a vehicle to 
learn and think for itself (machine learning).

MORE TECHNOLOGICAL OBSTACLES



Government over or under regulation for testing and 
sale, uncertainty about future regulation, whether one 
federal or 50 state regulation, and consistent 
international regulation.  
Resistance by individuals to losing control of their cars.  
Concerns about the safety of self-driving cars. 
Human and self-driving cars sharing the roads for a long 
time. 
Lower levels of driver licenses and experience for 
dealing with potentially dangerous situations. 
The available computer talent pool has not grown with 
demand. 
Structure  and pricing of insurance. 
Hype by self-driving industry and beta testing by drivers.

OTHER OBSTACLES



Cars have to determine the intentions of pedestrians, 
bicyclists, animals, and other self-driving vehicles. 
Two human-factor challenges are important for safety. 
One is the handoff from automated driving to manual 
driving, which may become necessary due to 
unfavorable or unusual road conditions or if the car 
has limited capabilities. Humans are psychologically 
ill-suited to pay constant attention while the car does 
the driving. 
The second is risk compensation: as a system is 
perceived to be safer, people engage in riskier 
behavior. And pedestrians and bicyclists may travel in 
a riskier fashion if they believe self-driving cars are 
capable of avoiding them.

OBSTACLES - HUMAN FACTORS 



Individual vehicles may benefit from 
information obtained from other cars, 
especially as to traffic congestion & safety 
hazards.  
As of 2018, there been no networking on the 
scale required for traffic: each individual 
vehicle would have to connect with 
potentially hundreds of different vehicles that 
could be going in and out of range.

OBSTACLES - NETWORKING



Elimination of 90% of all U.S. auto accidents, 
up to $190 billion annually in damages and 
health costs, and saving thousands of lives 
(McKinsey). 
Improved mobility for the young (getting to 
school), the elderly, and people with 
disabilities. 
Reduced labor costs. 
Elimination of driving while distracted, 
texting, intoxicated or otherwise impaired.

POTENTIAL ADVANTAGES



Traffic - Higher speed limits, smoother rides, 
increased highway capacity (maybe by 273%), 
higher fuel efficiency, and reduced traffic 
congestion (smaller safety gaps). 
If self-driving technology is paired with clean, 
low-carbon vehicles (electric cars and hybrids) 
pollution can be reduced. 
If ride hailing services like Uber or Lyft are 
incentivized to maximize the number of 
passengers for each trip and minimize trips 
with no passengers, pollution can be further 
reduced.

POTENTIAL ADVANTAGES



Manually driven cars are reported to be used only 
4–5% of the time, and being parked and unused for 
the remaining 95–96% of the time. An autonomous 
car could be used continuously after it has reached 
its destination. This could dramatically reduce the 
need for parking space in urban areas.  For 
example, in Los Angeles, 14% of the land is used 
for parking alone. 
Related effects - Self-driving cars could reduce the 
number of cars that are individually owned, 
replaced by car-sharing services. This would 
dramatically reduce the size of the automotive 
industry, with corresponding environmental and 
economic effects.

ADVANTAGES - PARKING



Loss of driving-related jobs in trucking & taxi industries. 
Job losses in public transit services, crash repair shops, 
and the automobile insurance industry. 
More loss of privacy, including more intrusive mass 
surveillance by police and intelligence agencies. 
Terrorist attacks. Self-driving cars could be loaded with 
explosives and used as bombs. 
Increased travel distances, more urban sprawl, more fuel 
consumption and an increase in the carbon footprint of 
urban travel as people can live further away from cities. 
Ethical problems where a self-driving car’s software is 
forced during an unavoidable crash to choose between 
multiple harmful courses of action ('the trolley problem’). 
See later.

DISADVANTAGES



Men and women differ in their willingness to 
use self-driving cars. Men felt less anxiety 
towards self-driving cars, whereas women 
showed the exact opposite. 
2019 Capgemini survey - While only 25% of 
consumers would prefer to ride in a self-
driving car over a traditional vehicle in 12 
months’ time, over half (52%) say that 
driverless cars will be their preferred mode 
of transport by 2024. People are still worried 
about vehicle security and system security.

PUBLIC OPINION SURVEYS



Can a self-driving car choose a 'good' option from 
among bad choices. The level of self-driving car’s 
understanding, predictive power and ethical 
sophistication in a given road scenario, sensed for 
an instant, will be hard to implement, and even 
harder to test or assess.  
What action should the car takes in an unavoidable 
crash - kill its own passengers or nearby 
pedestrians? Ordinary people have the same 
problem and they don’t act uniformly. Ethicists 
don’t always agree.

ETHICAL ISSUES -  MAJOR PROBLEM



A host of ethical issues have to be addressed. 
T h e m o r a l , fi n a n c i a l , a n d c r i m i n a l 
responsibility for crashes and breaches of law.  
Privacy issues, including potential for mass 
surveillance. 
The further concentration of market and data 
power in the hands of a few global 
conglomerates capable of consolidating AI 
capacity, and of lobbying governments to 
facilitate the shift of liability onto others and 
their potential destruction of existing 
occupations and industries. 

MORE ETHICAL ISSUES



The trolley problem: a conductor of a trolley has the 
choice of staying on the planned track and running over 
five people or turning onto a track where it would kill 
only one person. See The Moral Machine Experiment. 
What moral basis would be used by an automated 
vehicle to make decisions? Maybe two ethical theories - 
utilitarianism or deontology (beyond the scope of this 
talk). 
How could these be translated into software code? The 
practical difficulties may present as much of a challenge 
as the theoretical abstractions. 
If the government mandates utilitarian ethics and people 
prefer to ride in self-protective cars, it could prevent the 
large scale implementation of self-driving cars.

MORE ETHICAL ISSUES

https://www.nature.com/articles/s41586-018-0637-6


Who’s liable? The car manufacturers responsible 
for those crashes that occur due to a technical 
malfunction or misconstruction? It would 
encourage them to innovate and invest into fixing 
those issues, not only due to protection of the 
brand image, but also due to financial 
consequences. 
Those using or owning the vehicle since they 
know the risks involved in using such a vehicle?  
Software companies and engineers that 
programmed the AI code? 
What about tax or insurances that would protect 
owners and users of self-driving vehicles of 
claims made by victims of an accident?

LIABILITY ISSUES



Self-driving trucks could soon appear in the next few 
years. The US currently lacks about 50,000 truck 
drivers and that'll grow to a shortage of about 275,000 
over the next couple of years.  
Autonomous trucking could become the frontier of 
autonomous driving. With the relatively simpler driving 
conditions than daily commuter, autonomous trucks 
could easily serve as a massive pilot run for 
autonomous passenger vehicles. Amazon and others 
are leading this revolution.

SELF-DRIVING TRUCKS 



Most of the hardware technological problems have been solved. 
Many cars today have some self-driving car features, like automatic 
braking. 
Cars with Level 2 (Partial Automation) features are now available. 
Cars with Level 3 or 4 (Higher Automation) features may will be 
available within 2 or 3 years. 
Cars with Level 5 (Full Automation) are 5 to 10 years away. 
Most cars will be in developed countries. China is a large unknown. 
Concerns about the safety of self-driving cars will probably limit 
growth, possibly to a large degree. 
How cars will handle difficult ethical situations is a major 
conceptual and practical problem and could easily limit growth. 
Legal and insurance issues don't seem that important. 
Customer drivers will continue to be used as test subjects. 
The number of accidents and deaths will start dropping as self 
driving cars are sold in greater numbers.

CONCLUSIONS


