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WHAT ARE AUTONOMOUS VEHICLES?
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WHAT ARE AUTONOMOUS VEHICLES?
THE FIVE LEVELS

. i

You've heard of driverless, self-driving,

oy

and autonomous vehicles.

Video: Tech Republic


https://www.techrepublic.com/article/autonomous-driving-levels-0-to-5-understanding-the-differences/

WHAT ARE AUTONOMOUS VEHICLES?
THE FIVE LEVELS
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> Level 1: certain functions (e.g., steering, accelerating) are automated

> Level 2: at least one driver assistance system of both steering & acceleration
is automated (e.g., cruise control, lane centering, emergency breaking)

» Level 3: driver to intervene if necessary

> Level 4: fully autonomous under specified operational design domain (ODD)

» Level 5: fully autonomous in any scenario

Source: Tech Republic



https://www.techrepublic.com/article/autonomous-driving-levels-0-to-5-understanding-the-differences/

WHO’S WORKING ON THEM?




WHO’S WORKING ON THEM?
AUTONOMOUS VEHICLES IN DEVELOPMENT
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Source: Tech Republic, Waymo



https://www.techrepublic.com/pictures/photos-the-worlds-self-driving-cars-racing-toward-2020-and-beyond/
https://www.techrepublic.com/article/ubers-driverless-rides-in-pittsburgh-whats-happening-and-what-it-means/
https://waymo.com/journey/

WHO’S WORKING ON THEM?
AUTONOMOUS VEHICLES IN DEVELOPMENT
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» Birth of AVs: Carnegie Mellon University 1984 1.2
» Waymo (Alphabet, Google parent company) developing tech with vehicles

from Toyota Lexus Chrysler & Jaguar as well as thelr own Firefly 3

Image Source: Tech Re bubli€ Image Source: Waymo

Sources: 1ICMU, 2CMU, 3Waymo, 4Tech Republic, 5The Guardian, ¢Tech Republic



https://www.cmu.edu/homepage/environment/2014/fall/from-0-70-in-30.shtml
https://www.cmu.edu/news/stories/archives/2014/june/june24_congressforaride.html
https://waymo.com/journey/
https://www.techrepublic.com/article/ubers-driverless-rides-in-pittsburgh-whats-happening-and-what-it-means/
https://www.theguardian.com/technology/2016/sep/14/uber-self-driving-cars-pittsburgh-ford-fusion
https://www.techrepublic.com/article/ford-plans-to-mass-produce-a-no-driver-required-autonomous-vehicle-by-2021/
http://photos-the-worlds-self-driving-cars-racing-toward-2020-and-beyond/3/
https://waymo.com/journey/

WHO’S WORKING ON THEM?
AUTONOMOUS VEHICLES IN DEVELOPMENT

| ___ E—— et e e e e e e e e e S —————— R ——— R ——— |

» Birth of AVs: Carnegie Mellon University 1984 1.2

» Waymo (Alphabet, Google parent company) developing tech with vehicles
from Toyota, Lexus, Chrysler, & Jaguar, as well as their own Firefly 3

» Uber partnering with Volvo and Ford 4>

» Lyft partnering with GM 4

» Ford plans to release fully autonomous vehicle by 2021 6

Sources: ICMU, 2CMU, 3Waymo, 4Tech Republic, 5SThe Guardian, 6Tech Republic "



https://www.cmu.edu/homepage/environment/2014/fall/from-0-70-in-30.shtml
https://www.cmu.edu/news/stories/archives/2014/june/june24_congressforaride.html
https://waymo.com/journey/
https://www.techrepublic.com/article/ubers-driverless-rides-in-pittsburgh-whats-happening-and-what-it-means/
https://www.theguardian.com/technology/2016/sep/14/uber-self-driving-cars-pittsburgh-ford-fusion
https://www.techrepublic.com/article/ford-plans-to-mass-produce-a-no-driver-required-autonomous-vehicle-by-2021/

WHO’S WORKING ON THEM?
OVER 263 COMPANIES
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THE FUTURE OF TRANSPORTATION STACK
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https://www.wired.com/2017/05/mapped-top-263-companies-racing-toward-autonomous-cars/

HOW DO THEY WORK?
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HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Tesla Model X

13

Image Source: BGR


https://bgr.com/2015/10/02/tesla-model-x-falcon-wing-doors-engineering/

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Rearward Looking Side Cameras Wide Forward Camera
Max distance 100m Max distance 60m
-
Rear View Camera Ultrasonics
Max distance 50m Max distance 8m

Source: Tesla

Main Forward Camera
Max distance 150m

Forward Looking Side Cameras
Max distance 80m

Narrow Forward Camera
Max distance 250m

Radar
Max distance 160m

14


https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Source: Tesla

Wide, Main and Narrow
Forward Cameras

Three cameras mounted behind the windshield provide
broad visibility in front of the car, and focused, long-range
detection of distant objects.

Wide
120 degree fisheye lens captures traffic lights, obstacles

cutting into the path of travel and objects at close range.
Particularly useful in urban, low speed maneuvering.

Main
Covers a broad spectrum of use cases.

Narrow

Provides a focused, long-range view of distant features.
Useful in high-speed operation.

15


https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Forward Looking Side
Cameras

90 degree redundant forward looking side cameras look for
cars unexpectedly entering your lane on the highway and
provide additional safety when entering intersections with

limited visibility.

Source: Tesla

16


https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Rearward Looking Side
Cameras

Cameras monitor rear blind spots on both sides of the car,
important for safely changing lanes and merging into traffic.

Source: Tesla
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https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Rear View Camera

Not just for backing up safely, the rear view camera is now a
contributing member of the Autopilot hardware suite with
enhanced optics. The rear view camera is useful when

performing complex parking maneuvers.

Source: Tesla
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https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Radar

With a wavelength that passes through fog, dust, rain, snow
> and under cars, radar plays an essential role in detecting
| and responding to forward objects.

19
Source: Tesla



https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Ultrasonic Sensors

Effectively double the range with improved sensitivity using
uniquely coded signals. These sensors are useful for
detecting nearby cars, especially when they encroach on
your lane, and provide guidance when parking.

Source: Tesla
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https://www.tesla.com/autopilot

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT

Video: Tech Republic


https://www.techrepublic.com/article/teslas-autopilot-cheat-sheet/

HOW DO THEY WORK?
AN EXAMPLE: TESLA AUTOPILOT
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» Features include:

- Auto-steering - Automatic emergency breaking
- Traffic-aware cruise control and steering

- Speed assist - Automatic lane change

- Blind spot detection - Auto-park

- Side collision warning - Summon

» Safety features (lane-departure warning, side collision warning, and
emergency breaking) included

» Autopilot convenience features for extra charge

Source: Tech Republic “



https://www.techrepublic.com/article/teslas-autopilot-cheat-sheet/

THE FIRST CROSS-COUNTRY AUTONOMOUS RIDE

In 2015, an Audi SQ5 AV developed by Delphi completed a 9 day cross-country ride from the
Golden Gate Bridge in SF to Midtown Manhattan, driving autonomously 99% of the time

Sources: ExtremeTech, Tech Republic, NBC .



http://www.extremetech.com/extreme/203216-delphi-self-driving-car-goes-coast-to-coast-autonomously
https://www.techrepublic.com/article/our-autonomous-future-how-driverless-cars-will-be-the-first-robots-we-learn-to-trust/
https://www.nbcnews.com/tech/innovation/driverless-car-completes-cross-country-trip-9-days-n334776

AUTONOMOUS VEHICLES
AND ENERGY USE



THE TRANSPORTATION SECTOR ACCOUNTED FOR 29% OF U.S.
ENERGY CONSUMPTION IN 2017 AND 92% IS PETROLEUM-BASED
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https://flowcharts.llnl.gov/commodities/energy

RIDE-SHARING

Increased carpooling could decrease energy use in transportation
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HOW MIGHT AV TECHNOLOGY PROMOTE RIDE-SHARING?
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With AVs, a number of ride-sharing capabilities are possible:
» Private ownership with deployment for ride-sharing when not in use 1.2
» Shared-fleet with ride-sharing by single-use (i.e., pay per ride or per mile) 2

» Shared-fleet with ride-sharing by flat-rate subscription for unlimited use 2

Sources: !LoupVentures, 2SHFFT; Tech Republic (Image) Y



https://loupventures.com/auto-outlook-2040-the-rise-of-fully-autonomous-vehicles/
https://shfft.net/original-content/2016/8/24/what-will-a-driverless-future-actually-look-like
https://www.techrepublic.com/article/singapore-launches-driverless-taxis-ahead-of-uber-and-the-us/

PROGRESS IN AUTONOMOUS VEHICLE RIDE-SHARING
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» Uber rolling out self-driving Volvos and Fords in Pittsburgh 1.2

> Lyft testing autonomous vehicles with GM !

» NuTonomy (MIT spinoff) released self-driving taxis in Singapore 2.3
» Waymo to launch first driverless car service in Phoenix in December

(initially with backup drivers in the car) 4

Sources: 1Tech Republic, 2The Guardian, 3Tech Republic, 4Bloomberg a



https://www.techrepublic.com/article/ubers-driverless-rides-in-pittsburgh-whats-happening-and-what-it-means/
https://www.theguardian.com/technology/2016/sep/14/uber-self-driving-cars-pittsburgh-ford-fusion
https://www.techrepublic.com/article/singapore-launches-driverless-taxis-ahead-of-uber-and-the-us/
https://www.bloomberg.com/news/articles/2018-11-13/waymo-to-start-first-driverless-car-service-next-month

Driverless Cars Prepare to Launch
Waymo racks up autonomous miles by the millions

/N Oct. 2018

10M

Waymo adds Aug. 2018
over 5 million miles
June 2018
April 2018 6
Feb. 2018
Nov. 2017 4
Google takes May 2017
over 6 years
to drive its first Oct. 2016 2
1 million miles \
June 2015
0

| | | | | | | | |

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Source: Waymo

Note: Alphabet Inc. removed the Google branding from its cars and created
the Waymo subsidiary in December 2016.

Source: Bloomberg
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https://www.bloomberg.com/news/articles/2018-11-13/waymo-to-start-first-driverless-car-service-next-month

SAFETY IMPROVEMENTS

Safety improvements could lead to lighter vehicles,
decreasing energy use
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SAFETY IMPROVEMENTS
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» According to several reports, humans responsible for 90-94% of crashes 1-9
» One report predicts 80% fewer crashes by 2040 3
» Vehicle-to-vehicle communication could also reduce crashes by 79%

according to the National Highway Traffic Safety Administration (NHTSA) 8

Sources: INHTSA, 2NHTSA, 3KPMG, 4Stanford Law, 5Tech Republic, ¢Tech
Republic, 7Waymo, 8YaleE360, °Quartz 5



https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812115
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety
https://home.kpmg.com/content/dam/kpmg/us/pdf/2017/11/us-jnet-2017-issue4-article1-en.pdf
http://cyberlaw.stanford.edu/blog/2013/12/human-error-cause-vehicle-crashes
https://www.techrepublic.com/article/how-driverless-cars-will-transform-auto-insurance-and-shift-burden-onto-ai-and-software/
https://www.techrepublic.com/article/our-autonomous-future-how-driverless-cars-will-be-the-first-robots-we-learn-to-trust/
https://www.techrepublic.com/article/our-autonomous-future-how-driverless-cars-will-be-the-first-robots-we-learn-to-trust/
https://waymo.com/tech/
https://e360.yale.edu/features/self-driving_cars_coming_soon_to_a_highway_near_you
https://qz.com/1397504/all-the-things-that-still-baffle-self-driving-cars-starting-with-seagulls/

SAFETY IMPROVEMENTS:
VEHICLE-TO-VEHICLE (V2V) & VEHICLE-TO-INFRASTRUCTURE (V2I)

Video: MIT Technology Review


https://www.technologyreview.com/s/602198/audis-new-technology-is-the-beginning-of-the-end-of-traffic-lights/

DRIVING EFFICIENCY

Improved driving efficiency could also decrease energy use
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IMPROVED DRIVING EFFICIENCY
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> More efficient travel routes (and corresponding traftic reductions)
» Improved efficiency due to V2V and V2I technology

» Further traffic reductions due to fewer crashes

Source: YaleE360 S



https://e360.yale.edu/features/self-driving_cars_coming_soon_to_a_highway_near_you

ELECTRIFICATION

Electrification of AVs could improve energy efficiency
and reduce emissions




ELECTRIFICATION

» Electrification of AVs could result in improved energy efliciency

» Electrification could further reduce emissions with increased penetration of

renewables on the grid

Source: LoupVentures (Figure)

GLOBAL VEHICLE OUTLOOK (M)
120

100
80

60

B |CE Vehicles ®Hybrid Vehicles ®Electric Vehicles

Source: Loup Ventures, Bloomberg New Energy Finance
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https://loupventures.com/auto-outlook-2040-the-rise-of-fully-autonomous-vehicles/

REBOUND EFFECTS

Rebound effects, however, could lead to increases in energy use
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REBOUND EFFECTS

> Increased cost-effectiveness of driving using AVs for mobility as a service

(vs. car ownership by individuals or families) could increase utilization

» Moreover, even vehicles privately owned by individuals and families could be

deployed when not needed, further increasing utilization

> Increased driving access for the elderly and disabled (49 million Americans

over 65, 53 million with some form of disability) !

> Increased utilization could, in turn, lead to increases in traffic, contributing

to decreases in energy efficiency

Sources: INHTSA 5



https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety

ADDITIONAL CHALLENGES



ADDITIONAL CHALLENGES
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> Object identification and machine learning challenges (e.g., snow, altered

stop signs, exiting vehicles, hills, bridges, tree shadows, seagulls) !
> False positives and false negatives 2
» Hacking and cybersecurity 3-5 (Waymo to avoid Internet for now ¢)
» V2V communication with different developers
» Land use questions ¢ (e.g., overnight parking, suburbanization)
» Regulatory challenges

» Ethical challenges 7

Sources: !Quartz, ZWired, SNHTSA, 4MIT Technology Review, >SSHFFT,
6SHFFT, 7 The Economist 2



https://qz.com/1397504/all-the-things-that-still-baffle-self-driving-cars-starting-with-seagulls/
https://www.wired.com/story/self-driving-cars-uber-crash-false-positive-negative/
https://www.nhtsa.gov/technology-innovation/automated-vehicles-safety
https://www.technologyreview.com/s/603339/why-some-autonomous-cars-are-going-to-avoid-the-internet/
https://shfft.net/original-content/2017/2/11/the-biggest-threat-facing-connected-autonomous-vehicles-is-cybersecurity
https://shfft.net/original-content/2017/3/7/autonomous-vehicles-and-the-future-of-real-estate
https://www.economist.com/science-and-technology/2018/10/27/whom-should-self-driving-cars-protect-in-an-accident

CONCLUSIONS

» Autonomous vehicles, under rapid and widespread development, will soon

become ubiquitous

> AVs will likely lead to significant reductions in energy use and emissions in
the transportation sector due to ride-sharing, weight reductions due to

safety improvements, driving efficiency improvements, and electrification

» Rebound effects, however, may also arise due to increased utilization
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