
Presented by

Mark Goldstein, International Research Center
markg@researchedge.com, http://www.researchedge.com/

Presentation Available at http://www.slideshare.net/markgirc

© 2018 - International Research Center

Thursday, November 8, 2018 at ASU Polytechnic

Phoenix Mobile & Emerging Tech Festival

The Autonomous Transportation Revolution

on the Ground and in the Air

https://www.aerospacearizona.org/summit2018

mailto:markg@researchedge.com
http://www.researchedge.com/
http://www.slideshare.net/markgirc
https://www.aerospacearizona.org/summit2018


Source: ARK Invest 2018



Source: U.S. DOT 2018 (https://www.transportation.gov/av/3)

(U.S.)

https://www.transportation.gov/av/3


Source: General Motors 2017

Autonomous Vehicles (AV)



Source: The Boston Consulting Group 2018



National Highway Traffic Safety Administration (NHTSA)

Automated Vehicles for Safety

https://www.nhtsa.gov/technology-

innovation/automated-vehicles-safety

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




https://www.statista.com/chart/5950/concerns-about-self-driving-cars/

https://www.statista.com/chart/5950/concerns-about-self-driving-cars/




Imaging Technologies for Automotive



Autonomous Vehicles (AV)

Source: General Motors 2017

Proprietary LIDAR Cost & Size Reduction







Autonomous Vehicles (AV)

Source: General Motors 2017

Minimum Viable Product (MVP)



https://www.technologyreview.

com/s/612341/a-global-ethics-

study-aims-to-help-ai-solve-

the-self-driving-trolley-

problem/

https://www.technologyreview.com/s/612341/a-global-ethics-study-aims-to-help-ai-solve-the-self-driving-trolley-problem/


Connected Cars On Board Safety & Security Features

Source: Infineon Technologies AG
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Autonomous Vehicles (AV)



https://thecerberusgroup.com/

https://thecerberusgroup.com/


V2X - IEEE 802.11p
Uses unlicensed 5.9 GHz ITS 

frequencies for short-to-medium 

range vehicle safety & operations

Next Generation 

Dedicated Short 

Range 

Communications 

(DSRC) for 

Intelligent 

Transportation 

Systems (ITS)

vehicle safety & 

operations



5G Use Cases

Source: Information Technology & Innovation Foundation (ITIF) 2018



IoT Connection Technologies Operating Range

Source: Keysight Technologies
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https://www.infopulse.co

m/blog/how-to-ensure-

automotive-

cybersecurity-in-the-next-

gen-vehicles-part-1/

https://www.infopulse.com/blog/how-to-ensure-automotive-cybersecurity-in-the-next-gen-vehicles-part-1/


Google X is building a few hundred self-driving cars that have no steering wheel, 

accelerator pedal or brake pedal. (2014)
http://www.npr.org/blogs/alltechconsidered/2014/05/27/316486989/google-is-becoming-a-car-manufacturer

http://www.youtube.com/watch?v=CqSDWoAhvLU

http://www.youtube.com/watch?v=bDOnn0-4Nq8

http://www.npr.org/blogs/alltechconsidered/2014/05/27/316486989/google-is-becoming-a-car-manufacturer
http://www.youtube.com/watch?v=CqSDWoAhvLU
http://www.youtube.com/watch?v=bDOnn0-4Nq8


Source: CB Insights 2018



https://www.tesla.com/autopilot

Eight surround cameras provide 360 

degrees of visibility around the car at 

up to 250 meters of range. Twelve 

updated ultrasonic sensors 

complement this vision, allowing for 

detection of both hard and soft 

objects at nearly twice the distance of 

the prior system. A forward-facing 

radar with enhanced processing 

provides additional data about the 

world on a redundant wavelength that 

is able to see through heavy rain, fog, 

dust and even the car ahead.

Enhanced Autopilot adds these 

new capabilities to the Tesla 

Autopilot driving experience. Your 

Tesla will match speed to traffic 

conditions, keep within a lane, 

automatically change lanes without 

requiring driver input, transition 

from one freeway to another, exit 

the freeway when your destination 

is near, self-park when near a 

parking spot and be summoned to 

and from your garage.

NHTSA/SAE

Autonomous 

Driving Level 2-3

https://www.tesla.com/autopilot


https://www.bizjournals.com/phoenix/news/2018/09/17/electric-

car-maker-with-phoenix-area-factory-plans.html

https://www.bizjournals.com/phoenix/news/2018/09/17/electric-car-maker-with-phoenix-area-factory-plans.html


https://www.volvocars.com/us/cars/concepts/360c

https://www.youtube.com/watch?v=Mlh-_hoNLaI

Volvo 320c Concept Car

https://www.volvocars.com/us/cars/concepts/360c
https://www.youtube.com/watch?v=Mlh-_hoNLaI


https://smartcitiesworld.net/news/renault

-unveils-a-shared-and-autonomous-

urban-future-2679

https://smartcitiesworld.net/news/renault-unveils-a-shared-and-autonomous-urban-future-2679


Local Motors Olli Project

https://localmotors.com/meet-olli/

https://www.ibm.com/blogs/internet-of-things/accessible-olli/

#AccessibleOlli

https://localmotors.com/meet-olli/
https://www.ibm.com/blogs/internet-of-things/accessible-olli/


Open &

Modular

“Vis a Vis”

Seating

Layout

Customizable Outside

BYOSDCACH: Bring Your Own Self-Driving Code And 

Custom Hardware Stack (Lidars, Sensors, CPUs, etc.)

https://openmotors.co/

https://www.openmotors.co/editselfdrivingcar/

White-Label Models

Alternate

Framework

https://openmotors.co/
https://www.openmotors.co/editselfdrivingcar/


Volkswagen Unveils Self-Driving Electric Microbus

A modernized version of the iconic 60’s hippie bus is now emissions-free, self-driving, and highly 

customizable with 8 seats and a driving range up to 270 miles. The vehicle has an 110 kWh lithium-ion 

battery pack that can be powered up to 80% by a high-powered DC charger in just 3 minutes.

Source: http://anonhq.com/volkswagen-unveils-electric-microbus-thats-self-driving/

http://anonhq.com/volkswagen-unveils-electric-microbus-thats-self-driving/


A Silicon Valley startup claims to be the world’s first real-world application of autonomous driving. If the 

claim is true, it beat Waymo, Tesla, Apple, the global car industry and all the other Silicon Valley startups.

The startup is called Udelv. This week it delivered groceries to two customers of a local store called 

Draeger’s Market. The delivery van drove autonomously from the store to the customers’ houses, 

although (as required by California law) a “safety driver” sat in the driver’s seat during the delivery.

I talked to Udelv CEO Daniel Laury, and he told me the delivery was “a huge milestone.” Draeger’s Market 

deliveries go online to the public “next week,” according to Laury. The “milestone” Laury refers to is 

commercialization. He’s saying that Udelv is the first company to actually use autonomous vehicles for a 

service that’s paid for by a customer (in this case, the grocery store).

Udelv’s model shows how autonomous deliveries could work on a massive scale.

Its custom, proprietary electric vehicles are basically robotic lockers. Each van has 18 lockers that can 

carry a collective weight of 700 pounds. When the van gets within a few minutes of a customer’s house, 

that customer receives an alert via the company’s free app (currently available on iOS, with the Android 

version coming soon, according to Laury).       https://itunes.apple.com/us/app/udelv/id1341233287

Once the van arrives, customers use the app to unlock the compartment that holds their groceries. The 

Udelv fleet is monitored by a control room of humans, who can take over in “unique situations” and drive 

the vans by remote control if necessary. Udelv monetizes with a simple model. It charges companies to 

make deliveries. Its goal is to cut the cost of deliveries in half, according to Laury. Udelv also plans to 

expand beyond Silicon Valley and seek out autonomous-vehicle-friendly states to set up shop in.

https://www.computerworld.com/article/3252162/robotics/why-

we-re-getting-self-driving-delivery-before-self-driving-ubers.html

https://www.udelv.com/

https://www.udelv.com/
https://itunes.apple.com/us/app/udelv/id1341233287
https://itunes.apple.com/us/app/udelv/id1341233287
https://www.computerworld.com/article/3252162/robotics/why-we-re-getting-self-driving-delivery-before-self-driving-ubers.html
https://www.udelv.com/


https://www.azcentral.com/videos/entertainment/2017/05/04/-postmates-start-using-robots-delivery/101265926/

https://www.starship.xyz/ https://get.postmatescode.com/ https://www.doordash.com/

https://www.azcentral.com/videos/entertainment/2017/05/04/-postmates-start-using-robots-delivery/101265926/
https://www.starship.xyz/
https://get.postmatescode.com/
https://www.doordash.com/


BAE Systems CV90 Man-Optional Tank

With Defense Aid Suite & Active Multi-Spectral Cloaking

https://www.foxnews.com/tech/terminator-tanks-with-invisibility-cloaking-will-fight-future-wars

https://www.foxnews.com/tech/terminator-tanks-with-invisibility-cloaking-will-fight-future-wars


https://nikolamotor.com/

https://nikolamotor.com/


Tesla Semi Electric Big-Rig Truck 

with 500 Mile Range and

80,000 Pounds Cargo Capacity

https://www.tesla.com/semi/

https://www.tesla.com/semi/


https://www.bizjournals.com/phoenix/news/2018/09/12/

self-driving-semi-truck-startup-creating-500-jobs.html

http://www.tusimple.com/

Full-Stack Autonomous 

Driving Technologies

High-Speed Environment 

Long-Distance Sensing

Level 4 Autonomous Class 8 Truck

9/12/18

https://www.bizjournals.com/phoenix/news/2018/09/12/self-driving-semi-truck-startup-creating-500-jobs.html
http://www.tusimple.com/


https://www.boringcompany.com/

https://www.boringcompany.com/


Elon Musk’s Boring Company’s Proposed Hyperloop 

Between New York and Washington DC

The Boring Company has received 'verbal government approval' to build an 

underground tunnel to transport passengers between New York and Washington 

DC in just 29 minutes (4.5 hrs. via NJ Turnpike). https://www.boringcompany.com/

https://www.boringcompany.com/


The Boring Company’s Vehicle Transport Tunnels

https://www.boringcompany.com/
https://www.youtube.com/watch?v=u5V_VzRrSBI

https://www.boringcompany.com/
https://www.youtube.com/watch?v=u5V_VzRrSBI


https://www.boringcompany.com/
https://www.youtube.com/watch?v=u5V_VzRrSBI

Los Angeles Tunnel Alignment

Red: Phase 1, Blue: Phase 2

Vehicle Transport Tunnels

https://www.boringcompany.com/
https://www.youtube.com/watch?v=u5V_VzRrSBI


Plug-in Electric Vehicle (PEV) and Smart Grid Ecosystem

Source: Electronic Design Magazine 6/10





Source: CB Insights 2017



Impacts of Driving Automation, Connectivity,

and MaaS in a Model City

Source: Navigant Research 2017



Source: IHS Markit 2018



Robotic Vehicle Addressable Markets

Source: Yole Development 2018



Toyota Mobility Services Platform

http://blog.toyota.co.uk/toyota-connected-bring-advanced-mobility-services-europe

http://blog.toyota.co.uk/toyota-connected-bring-advanced-mobility-services-europe


Connected Vehicles and Smart Mobility Hype Cycle

https://www.gartner.com/doc/3883166/hype-cycle-connected-vehicles-smart

https://www.gartner.com/doc/3883166/hype-cycle-connected-vehicles-smart




https://www.nytimes.com/2017/11/11/technology/a

rizona-tech-industry-favorite-self-driving-hub.html

https://www.nytimes.com/2017/11/11/technology/arizona-tech-industry-favorite-self-driving-hub.html


https://www.bizjournals.com/phoenix/news/2018/07/31/

waymo-valley-metro-partner-for-inaugural-self.html

Valley Metro CEO Scott Smith & Shaun Stewart of Waymo

Valley Metro CEO Scott Smith & Phoenix Acting Mayor Thelda Williams

https://www.bizjournals.com/phoenix/news/2018/07/31/waymo-valley-metro-partner-for-inaugural-self.html


https://azcommerce.com/iam/

https://www.bizjournals.com/phoenix/news/2018/10/11/ari

zona-to-launch-autonomous-technology-consortium.html

https://azcommerce.com/iam/
https://www.bizjournals.com/phoenix/news/2018/10/11/arizona-to-launch-autonomous-technology-consortium.html
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Autonomous Vehicles

Take to the Air

https://www.aerospacearizona.org/summit2018

https://www.aerospacearizona.org/summit2018


William Samuel Henson and John Stringfellow, the Wright brothers before the Wright 

brothers existed, patented this flying car in 1841. The duo were never able to build a 

functional version of their monoplane, which had a theoretical wingspan of 150 feet.

Source: Popular Mechanics 2018

https://www.popularmechanics.com/technology/infrastructure/g2021/history-of-flying-car/

https://www.popularmechanics.com/technology/infrastructure/g2021/history-of-flying-car/


Source: Popular Mechanics 2018

https://www.popularmechanics.com/technology/infrastructure/g2021/history-of-flying-car/

https://www.popularmechanics.com/technology/infrastructure/g2021/history-of-flying-car/


Moller International 

http://moller.com/dev/

http://www.youtube.com/watch?v=gOR_SzLW2Ns

http://www.youtube.com/watch?v=FY85eExk7Zo

Flying Car Developer Says He's $80 Million Closer to Making Sci-fi Dreams Real



Are You Ready to Fly Without a Human Pilot?

Automated flight controls go back to the 1920s and through World War II they had 

rudimentary autopilots. As those autopilot features grew more sophisticated through the 

20th century, flying also grew safer. Autopilot features vary by aircraft type and airline, with 

some planes even able to land themselves under certain conditions. Southwest uses an 

autopilot technology that assists pilots during every part of the flight, including descent. 

Some think automation could obviate the need for human pilots, but experts say the 

technology, the industry, and the passengers are not quite ready for fully autonomous 

flying. Regulators are already taking steps toward downsizing the role of humans on the 

flight deck, but advances in autonomy will be on the margins instead of earthshaking,

Pilot Training

Simulator

https://www.nytimes.com/2018/07/16/business/airplanes-unmanned-flight-autopilot.html

https://www.nytimes.com/2018/07/16/business/airplanes-unmanned-flight-autopilot.html


https://chargedevs.com/newswire/experimental-nasa-

airplane-features-14-propellers-driven-by-14-electric-motors/

https://chargedevs.com/newswire/experimental-nasa-airplane-features-14-propellers-driven-by-14-electric-motors/


https://www.bizjournals.com/phoenix/news/2018/09/18/how-the-promise-of-electric-power-could-transform.html

https://www.bizjournals.com/phoenix/news/2018/09/18/how-the-promise-of-electric-power-could-transform.html


Max cruise 

speed
340 mph

Max range 700+ miles

Max altitude 25,000 ft

Runway with 

50 ft obstacle
2,200 ft

Landing 

distance with 

50 ft obstacle

2,500 ft

Rate of climb 1,600 ft per minute

Time to climb
sea level to FL 25 18 

minutes

Stall speed 73 KIAS

https://zunum.aero/aircraft/

https://zunum.aero/aircraft/


Centaur is a small civilian airplane based on the Diamond DA42 is a pilot optional reconnaissance 

platform from Aurora Flight Sciences (https://www.aurora.aero/), who also operates Boeing’s Aerospace & 

Autonomy Center in MA (http://www.boeing.com/company/key-orgs/aerospace-autonomy-research-center/).

https://www.aurora.aero/
http://www.boeing.com/company/key-orgs/aerospace-autonomy-research-center/


Platform for Unmanned Cargo Aircraft (PUCA)

PUCA aims to facilitate the development of unmanned cargo aircraft (UCA) and to 

let its members play a meaningful and profitable role in this development 

capitalizing on the strengths of its members: logistics, systems integration, 

sensors and development of subsystems. UCA can be both cheaper to build and 

operate as well as be more productive than manned cargo aircraft. The 

advantages of UCA manifest themselves in particular with small planes where 

they can open new markets currently deprived of high-quality transport.

https://www.platformuca.org/

https://www.platformuca.org/


The Dutch PAL-V Liberty is designed to comfortably hold two passengers, take off while 

carrying more than 908 kg (2,000 pounds), and can operate as both a car and an aircraft. In 

car mode, it has a top speed of 160 km/hour (99 mph) and a range of 1,315 km (817 mph). In 

flight mode, its top speed increases to 180 km/hour (112 mph) and its range drops to 500 km 

(310 miles). The aircraft has already received certification from both the European Aviation 

Safety Agency (EASA) and the Federal Aviation Administration (FAA) in the U.S.

https://futurism.com/flying-car-design-finalized-arrive-2019/

Purchase Your PAL-V: https://www.pal-v.com/en/purchase-your-pal-v

https://futurism.com/flying-car-design-finalized-arrive-2019/
https://www.pal-v.com/en/purchase-your-pal-v


https://techcrunch.com/2017/03/07/airbus-reveals-a-modular-self-piloting-flying-car-concept/

https://techcrunch.com/2017/03/07/airbus-reveals-a-modular-self-piloting-flying-car-concept/


http://www.tuvie.com

/futuristic-bell-

helicopter-air-taxi-

cabin-offers-fully-

integrated-user-

experience/

http://www.bellflight.com/

http://www.tuvie.com/futuristic-bell-helicopter-air-taxi-cabin-offers-fully-integrated-user-experience/
http://www.bellflight.com/


E-volo’s Volocopter is a revolution in aviation made in Germany. It’s safer, simpler, 

and cleaner than normal helicopters with a unique way of moving, a 

groundbreaking innovation. The Volocopter is an environmentally friendly and 

emission- free private helicopter. http://www.e-volo.com/

http://www.e-volo.com/


https://www.volocopter.com/en/

https://www.volocopter.com/en/




Source: Army Technology Magazine 3-4/15



http://marvel.wikia.com/wiki/S.H.I.E.L.D._Helicarrier

https://en.wikipedia.org/wiki/Helicarrier

http://marvel.wikia.com/wiki/S.H.I.E.L.D._Helicarrier
https://en.wikipedia.org/wiki/Helicarrier


https://medium.com/@UberPubPolicy/fast-forwarding-to-a-future-of-on-demand-urban-air-transportation-f6ad36950ffa

http://uber.com/elevate/whitepaper

https://medium.com/@UberPubPolicy/fast-forwarding-to-a-future-of-on-demand-urban-air-transportation-f6ad36950ffa
http://uber.com/elevate/whitepaper


Architects and interior designers at Corgan created their Uber Skyport concept to 

fit over existing highway systems, so it won't take up additional city space. The 

architecture firm plans to connect the hub to existing transportation options, 

adding bus and rail transfers to make the landing pads more useful to the 

community beyond just Uber's flying taxis.
https://www.cntraveler.com/gallery/first-look-these-are-the-futuristic-hubs-designed-for-ubers-flying-cars

https://www.cntraveler.com/gallery/first-look-these-are-the-futuristic-hubs-designed-for-ubers-flying-cars


Architects and interior designers at Corgan created their Uber Skyport concept to 

fit over existing highway systems, so it won't take up additional city space. The 

architecture firm plans to connect the hub to existing transportation options, 

adding bus and rail transfers to make the landing pads more useful to the 

community beyond just Uber's flying taxis.
https://www.cntraveler.com/gallery/first-look-these-are-the-futuristic-hubs-designed-for-ubers-flying-cars

https://www.cntraveler.com/gallery/first-look-these-are-the-futuristic-hubs-designed-for-ubers-flying-cars


Aero-X Hoverbike from Aerofex
Where you’re going, there are no 

roads. That’s why you need the 

Aero-X, a vehicle that makes low-

altitude flight realistic and 

affordable. Flying up to 10 feet off 

the ground at 45 miles per hour, 

the Aero-X is unlike any vehicle 

you’ve seen. It’s a hovercraft that 

rides like a motorcycle - an off 

road vehicle that gets you off the 

ground. The Aero-X can be 

adapted for unlimited outdoor 

uses: surveying, search and 

rescue, border patrol, disaster 

relief, aerial agricultural, ranching, 

and much more. Or maybe you 

just want go out to the desert and 

fly. http://aerofex.com/

http://aerofex.com/


NASA Puffin VTOL Personal Air Vehicle Concept

Scientific American Article 1/10:
http://www.scientificamerican.com/article.cfm?id=nasa-one-man-stealth-plane

YouTube Video:
http://www.youtube.com/watch?v=rhpPhvWvLgk&feature=player_embedded

http://www.scientificamerican.com/article.cfm?id=nasa-one-man-stealth-plane
http://www.youtube.com/watch?v=rhpPhvWvLgk&feature=player_embedded


Hendo Hoverboards - World's First Real Hoverboard

https://www.kickstarter.com/projects/142464853/hendo-hoverboards-worlds-first-real-hoverboard

http://hendohover.com/

https://www.kickstarter.com/projects/142464853/hendo-hoverboards-worlds-first-real-hoverboard
http://hendohover.com/




By Jeff Reinke, 4/27/18

https://news.thomasnet.com/featured/faa-

projecting-huge-increase-in-commercial-drones

https://news.thomasnet.com/featured/faa-projecting-huge-increase-in-commercial-drones


Platform for Unmanned Cargo Aircraft (PUCA)

In January, 2018 Boeing unveiled a new unmanned electric vertical-takeoff-and-landing 

(eVTOL) cargo air vehicle (CAV) prototype that will be used to test and evolve Boeing's 

autonomy technology for future aerospace vehicles. It is designed to transport a payload up 

to 500 pounds presenting new possibilities for autonomous cargo delivery, logistics, and 

other transportation applications. Powered by an environmentally-friendly electric 

propulsion system outfitted with eight counter rotating blades it measures 15 feet long, 18 

feet wide, and 4 feet tall, weighing 747 pounds.

http://boeing.mediaroom.com/2018-01-10-Boeing-Unveils-New-Unmanned-Cargo-Air-Vehicle-Prototype

http://boeing.mediaroom.com/2018-01-10-Boeing-Unveils-New-Unmanned-Cargo-Air-Vehicle-Prototype


AI-controlled armed, autonomous UAVs may take over when things start to happen faster 

than human thought in future wars. From Call of Duty Black Ops 2

(Credit: Activision Publishing)

http://www.kurzweilai.net/the-proposed-ban-on-offensive-autonomous-weapons-is-unrealistic-and-dangerous

http://www.kurzweilai.net/the-proposed-ban-on-offensive-autonomous-weapons-is-unrealistic-and-dangerous


Unmanned Aircraft System (UAS) Traffic Management (UTM)

Enabling Civilian Low-Altitude Airspace and

Unmanned Aircraft System Operations

Source: NASA 2018 (https://utm.arc.nasa.gov/)

https://utm.arc.nasa.gov/


Aerospace & Autonomy Center Technology Areas

http://www.boeing.com/company/key-orgs/aerospace-autonomy-research-center/

http://www.boeing.com/company/key-orgs/aerospace-autonomy-research-center/


http://csi.asu.edu/projects/drawn-futures/drawn-futures-arizona-2045/

ASU Center for Science and the Imagination

Drawn Futures: Arizona 2045

http://csi.asu.edu/projects/drawn-futures/drawn-futures-arizona-2045/

