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Abstract

Traffic demands on the current infrastructure network is becoming more strained as populations
migrate and increase, particularly in large cities. Therefore, city officials, transportation and traffic
authorities and researchers, and city inhabitants themselves are always striving to find faster and
more efficient means of transportation. With the rise of new technologies such as autonomous
vehicles and drones, the applications for transportation are endless. Therefore, this paper will
describe and explore the operations, and consequently the efficacy, of Personal Aerial Vehicles
(PAV), also known as Urban Air Mobility (UAM). The machines, while still hypothetical, are
being researched extensively by some of the most powerful and influential scientific and
technological organizations today. This paper will not only describe PAVs and their operations,
but also their ability to be operational in the complex world of a modern transportation network of
a large city. The city chosen for this paper to study is Los Angeles, California. The overall
conclusion is that, given a limited scope, PAVs could be very effective in decreasing travel times,
traffic congestion, and air pollution, while not overwhelming the existing transportation network

and air traffic control systems.

Glossary

PAV: Personal Aerial Vehicle

UAM: Urban Air Mobility

LA: Los Angeles

LAX: Los Angeles International Airport

FAA: Federal Aviation Administration
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1. Introduction

As long as there have been cities, they have been associated with traffic and congestion. With the
rise of vast supercities in the 19" century, places like New York, Los Angeles, Chicago, London,
Paris, Sao Paolo, Tokyo, and Shanghai are home to tens of millions of people, often in a very
confined land area. The rise of vehicles, beginning with the railroad, then moving on to trolleys,
interurbans, and finally cars and buses, has made the issue of navigating cities very difficult.
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Figure 1: Personal travel trends in the U.S. (14

Figure 1 describes the rise in population in the US, and the consequent growth in households,
workers, drivers, vehicles, and miles traveled. In Los Angeles alone, the city has grown in
population from 1,970,358 in 1950 to 3,979,576 in 2019 [19;. The growth of cities out into the
suburbs has also lengthened commute times dramatically, increasing in LA alone from 54 minutes
/day in 1980 to 66 minutes/day as of 2019 (20, 21). Therefore, various options outside of cars have
been explored for some time, particularly public transportation options like buses, trolleys,
subways, and light rail. However, these options, although well established in LA, are not heavily
utilized and do little to reduce travel times. In fact, as of 2000, the average commute time of a solo
driver versus the average commute time of a city bus passenger was 11% shorter [20). Therefore, a
new method and mode of transportation should be discussed and analyzed. One proposed system
is Urban Air Mobility (UAM), as defined by the National Aeronautics and Space Administration
(NASA). UAM and its associated subcategories, sub-Urban Air Mobility (SUAM) and Regional
Air Mobility (RAM) (as defined below by Figure 2), are a promising way to utilize new
technologies in electric vehicles, lightweight materials, and autonomous operations to produce a

new means of transportations in crowded urban cities.



Urban Air Mobility (UAM)
» City limits (< 20mi)
« Ex. Dallas (Uber test-site)

Sub-Urban Air Mobility (sUAM)
= * City proper/Greater metro areas (<40 mi) ,

* Ex. Miami-Dade FL

Regional Air Mobility (RAM)

* Inter-city travel (50 — 300 mi)
* NYC-Boston

Figure 2: The three parts of comprehensive air mobility [10
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Figure 3: Current mode choice based on distances greater than 100 miles [14]

Figure 3 demonstrates that for distances less than or equal to 300 miles, commercial airliners and
other means of transportation (other than cars) make up approximately only 2-3% of personal trips.
Therefore, there is certainly a market for additional means of transportation, as the existing options
are usually excessively confined and expensive. UAM holds great promise as an affordable, safe,

time-saving, and environmentally friendly mass transportation option for the City of Los Angeles.

2. Current and Proposed PAV Technology
a. Description
A visualization of a current PAV prototype is shown in Figure 5, with its typical
dimensions and performance qualities being described in Table 1. Additionally, Figure

4 provides a flow chart of the historical development of PAVs. PAVs are not currently



envisioned as being like a “flying car”, as is often depicted in science fiction and
movies. A true “flying car” configuration would be fully operational driving and flying
virtually any payload in any conditions. This scenario is currently out of the scope of
nearly all models of PAVs, as it would make handling and operating these vehicles
inordinately difficult, both at personal and traffic control levels. Therefore, the best and
most efficient model for optimal operations that is being considered is a ride-serving
mode that would function like an on-demand service like Uber™ or Lyft™. Using an
app, passengers would reserve seats on an available vehicle at a specific time. Then the
passenger would transport themselves to a vertiport, the designated takeoff and landing
location for that particular craft. After a short boarding process (including a security
screening), the passenger can board the vehicle and begin their journey. This entire

process is illustrated by Figures 6-10.

Issue Specification

Dimension “Garageable™ size of a large/mid-size car

Max. take-off mass (MTOM) 450 kg (“microlight / ultralight™)

Number of seats 1+1

Take-off capability VTOL required

Total range 100 km

Cruising speed 150 - 200 km/h

Average cruising altitude < 500'm above ground level

Propulsion technology Preferable electric

Maneuverability on ground Yes, short distances, no “roadable aircraft™
Usability over the year 90%

Ability to fly under Instrument Meteorological Conditions (IMC) Yes

Ability to fly in darkness Yes

Ability to fly in clouded environment In degraded visual environment, not into clouds
Level of automation Two levels (“fully autonomous™ and “augmented flight™)®
Automatic collision avoidance Yes

Automatic landing/start Yes

Ability to come autonomously to the user Included in the “full level of automation™

Table 1: Specification for a reference UAM vehicle [13]



1937
Waterman Whatsit

1936
Autogiro AC-35

L

1959
Ford Levacar

1958

Curtiss anht vZ-7

1990

Sky Commuter

s

2009
Terrafugla Transition

=

2008
Martin Jetpack

e

T T

&f

2013
Aero Mobil 3.0

2013
V€200

2012
PAL-V

2

Carplane *

L) L) L) L] L) L) L) ] L
1910 1920 1930 1940 1950 1960 1970 1990 2000 2010 202(|)_ 2030
]
2016 .
— 1973 Ehang-184 Joby S2
1917 AVE Mizar 2009
Airmule

Curtiss Autoplane

i

Convair Model 118

*PAV models in development: Year of first flight N.A

— o

1975
Robinson R22

i

2009
Butterfly Super Sky
Cycle

‘i?

2017
Skycar M400
—

— 3
L
2018
Lilium Jet

Figure 4: Chronological development of PAV vehicles [11)

t

>

2021

Terrafugia TF-X

Figure 5: Proposed model of a PAV (the Carter Slowed Rotor Compound Aerial Vehicle) (9]



Table 3: A Resource, Operation, Policy, and Economic (ROPE) table for UAM [7]

b. Operational Capabilities
The operational capabilities of any UAM network are determined first by the demand,
and then by the number of vehicles purchased and made operational at any given time.

Figure 12 gives a schematic of a typical cycle of operation for a single PAV.

13



operations, it will be still be substantially safer than all existing terrestrial
transportation.

Fatalities per billion passenger miles in the US between 2000 and 2009

Passenger on commercial aviation [ 0.07
Passenger ona bus [ 0.11
Passenger on urban mass transit rail W 0.24
Passenger on atrain [l 0.43
Passenger on a local ferryboat  [INNNEEGGGENENG 217

Driving or passenger in a car or light ruck I 728

Figure 17: Comparison of passenger fatality rates between various modes of

transportation 11

Very Somewhat Overall Somewhat Very Overall
unlikely unlikely unlikely likely likely likely
Safety Benefits
Fewer crashes on the roadway 12.03% 21.99% 34.02% 41.54% 24 .44% 65.98%
Less severe crashes on the roadway 17.67% 25.00% 42.67% 38.16% 19.17% 57.33%
Security Measures
Use existing FAA regulations for air traffic control 16.76% 2222% 38.98% 41.62% 19.40% 61.02%
Establish air-road police enforcement {with flying police cars) 1017% 19.21% 29.38% 42 56% 28.06% 70.62%
Detailed profiling and background checking of flying car 9.57% 15.20% 24.77% 39.59% 35.65% 75.23%
OwWners joperators
Establish no-fly zones for flying cars near sensitive locations 749% 13.48% 20.97% 30.71% 48.31% 79.03%
(military bases, power/energy plants, governmental
buildings, major transportation hubs, etc.)
Not at all Slightly Overall Moderately Very Overall

concerned concerned unconcerned  concerned  concerned  concermed

Safety Concerns

Safety consequences of equipment/system failure 4.13% 11.44% 15.57% 25.14% 59.29% 54.43%
Accidents on the airway 432% 1351% 17.82% 25.89% 56.29% 82.18%
Security Concemns

Security against hackers/terrorists 6.75% 23.26% 30.02% 27.95% 42.03% 69.98%
Personal information privacy (location/destination monitoring) 10.38% 22.64% 33.02% 30.94% 36.04% 66.98%

Table 4: Survey results about safety- and security-related benefits and concerns 2]

c. Limitations
Although UAM seems like a viable and attractive option for public transportation in

Los Angeles, there are drawbacks to their implementation. These drawbacks are

summarized below in Table 5.
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Category

Barriers to a Viahle UAM Market

Critical Events or Tipping Points
Indicating Viability

Safety and Security

Dretect-and-avoid capability
GPS-denied technology
Weather mitigation

Unmanned Traffic Management (UTM)
Regulatory requirements

UTM certification

Flight above people

Weight and altitude restrictions
Beyond visual line of sight
Operator certification
Environmental restrictions
Emergency procedures

Drata security

Comprehensive regulatory climate in place
UTM wechnology matured
Cybersecurity standards established

Battery technology

Vehicle performance and reliability

Annual reduction in cost per trip

Introduction of autonomous operations

(train, bus, bike, ride-share)

Feonomies Auonomous flight wechnology . o
. i o Initial investments in infrastruce
Electric propulsion efficiency i
) ) Annual growth of infrastructure
Vertiport/Vertistop Infrastructure
Annual growth in number of urban passenger

Competing modes trips

Demand -

Annual growth in air market share as percent

of all urban passenger trips

Public Acceptance

Proven safety record
Pilot training

Privacy

Job security
Environmental threats

Moise and visval disruption

Proven safety record better than ground
mode travel

Number and severity of local
operational restrictions

Table 5: A compiled list of barriers to entry along with scenarios enabling viability [1

Another criticism of UAM is the potential for inefficient use of time. Although on-

demand scheduling of UAM flights seeks to mitigate this problem, it would be very

difficult and expensive to adopt a fully on-demand service without a predictable and

extensive flow of passengers. Therefore, some combination of on-demand scheduling

and pre-defined scheduling would most likely be adopted. Figure 18 gives a breakdown

of the typical time spent on a commercial airline flight. UAM flights would seek to

minimize terminal and wait times, but access and egress times (the time spent coming

20




to and from the flight access point) might be increased based on the number of

vertiports constructed and their location.

Scheduled
Gate to Gate
Time
%

Figure 18: Average commercial airliner door-to-door time breakdown [14]

The final drawback to implementing UAM is the potential for increased day-to-day
costs for the average passenger, especially compared with existing ground-based ride-
sharing services. These concerns are reflected in preliminary studies, as shown in
Figure 19. However, over 60% of passengers would see a daily cost increase of only
up to $1 and just under 40% would see an increase of up to $3, which even taken
annually are not significant cost increases. This study, however, does not take into
consideration the large capital costs that would be needed to install and maintain the
initial UAM network; therefore, the average cost to the consumer might rise somewhat,
but that rise is difficult to quantify as of now.
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Flving cars - Ridesharing service rate
expectations

Over $20 mm I —
Upto $20 more e
Upto $10 more ey
Upto $5 more —
Upto $3 more -~
Upto $1 more ‘--'--.—I

Current rates I —

0% 20% 10% 60% 80%

Figure 19: Expected consumer cost increases for PAVs compared to traditional ride-sharing
Services [ie]

3. Existing Conditions
a. Selection Reasons
Los Angeles was chosen to as the ideal location for studying UAM operations for this
paper. The first reason was size. Any potential UAM market would require a significant
amount of potential users, and therefore the larger the market, there would be a
theoretically larger demand. Numerous studies have estimated the future market share
of PAVs at 4% (77, which when taken with the existing LA commuter population of

over 800,000 221, could lead to a demand of over 32,000 passengers per day.

The second reason was congestion. LA is the most congested city in the U.S., according
to Figure 20, with a Roadway Congestion Index (RCI) value of almost 1.6, significantly
above the maximum preferred RCI value of 1.0. Figure 21 shows the increasing rate of
annual LA delay per commuter; the current data (as of 2017) shows that the average
LA commuter endures over 119 annual hours of traffic delay, over 6.1 hours of
congested weekday hours, over $2,676 annually in costs related to congestion, and
wastes over 35 gallons of gasoline annually. This accumulates to totals of 971,478,000
of annual delay, $19,490,000,000 of annual congestion cost, and 256,931,000 gallons
of fuel wasted annually [23].

22
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Figure 20: Roadway Congestion Index (RCI) across major American cities [10]

Delay per Commuter

100

Selected Measure

1985 1990 1995 2000 2005 2010 2015

Figure 21: Average annual delay per commuter in Los Angles [23]

The third reason was commute times. LA is notorious for its commute times, which are
directly tied not only to its congestion, but the sprawling geographical layout of the city
and its suburbs. Figure 22 gives a visual representation of the average commute times
in discrete sections of the LA metro area. It is important to note, however, that these
times are average commute times in general, not average commute times to the Central

Business District (CBD) or other high-traffic areas.
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4. Analysis

Figures 30 and 31 show how transportation nodes, existing points of interest, and existing

airports, airfields, and helipads influence the placement of PAV stations and the subsequent
UAM networks in a hypothetical model.

(a) Transport nodes (b) Points of interest (c) Existing helipads

(d) UAM station placement

Figure 30: Hypothetical map showing the influence of existing infrastructure on vertiport
placement (s}
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(a) UAM station placement (b) UAM network structure

Figure 31: Hypothetical map showing the visualization of a UAM network structure
based off of UAM station placement s

One case study in 2017 sought to realistically model UAM demand and networks based on

the population distribution and socioeconomic factors present in the LA metro area. Their
findings are presented below in Figures 32 and 33.
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PACIFIC OCEAN

100,001 or more peaple
25,001 £o 100,000 people
10,001 o 25,000 paople
1,001 to 10,000 penple
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100 or lass people

No populaticn

Figure 32: Population distribution in LA [26]
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High Income Community

&) Mega Commuter Community

6 Point to Point Missions

Figure 33: UAM model results in LA [26]
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.. Demand Ground Off-Peak Peak Ground
Reference Mission . . . . .

Opportunity Distance | Ground Time Time
@ : . High Income : . .
S Malibu to Century City Severe Congestion 27.5 mi 60 min 110 min
= | San Bernardino to Glendale ng h ]119‘0 me 44.0 mi 60 min 160 min
~ Severe Congestion
2 | Antelope Valley to L.A. City Center | Long Distance 61.5 mi 80 min 130 min
_ | San Diego to L.A. City Center Long Distance 122 mi 140 min 195 min
= | L.A. City Center to Long Beach Severe Congestion 26.5 mi 43 min 100 min
t High Income
= | Beverly Hills Hotel to LAX Severe Congestion 13.0 mi 42 min 90 min
= Arrival Deadline
= High Income
= | Redondo Beach to Dodger Stadium | Severe Congestion 22.7 mi 55 min 130 min*
E Arrival Deadline
k= _ . High Income : . .
< Rancho Palos Verdes to Hospital Arrival Deadline 85mi 21 min 23 min
Z | San Marino to Palm Springs High Income 116 mi 125 min 185 min

= Long Distance

£ | San Bernardino to Perris - 26 mi 34 min 70 min
E Arleta to Corona - 71 mi 92 min 190 min
Z | Altadena to Culver City - 30 nu 58 min 130 mun

Table 6: Summary of the UAM model flights shown in Figure 33 [26]

Based off of Table 6 (which lists the most probable production and attraction zones for

UAM operations), the optimal locations for potential vertiports can be assumed.

5. Conclusion
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