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Urban Air Mobility — From Concept to Reality

The Jetsons — 1962 NASA — 2019
Safe and efficient air transportation system - small
People live in housing in the sky, work a package delivery drones to passenger-carrying air taxis
three-day workweek, drive aero-cars operating above populated areas.

Focus on passenger carrying air taxis
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Melbourne Sao Paulo Beijing

Chicago Metro Planning Council - congestion costs $7.3B USD annually; $824 to $3,014 per automobile.
Loss in regional employment = 87,000 jobs.
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Urban Air Mobility

On-demand/scheduled air transport within
urban areas and suburban destinations

* Hybrid or electric-powered, vertical T/O and
landing (eVTOL) aircraft.

Pilot —>Pilot/Safety Observer — Autonomous

* Role in rural connectivity.

* Uncongested, low-altitude airspace
= |[mproved transportation efficiency

e Shared transportation system
= Seamlessly integrates surface and air transportation.
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Urban Air Mobility — From Concept to Reality

* 4 years ago ~ 8 UAM designs and manufacturers
* Today ~ 170 UAM designs and manufacturers
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Urban Air Mobility — Business Model

* Global market for UAM released by Nexa Advisors, aerospace advisory firm.
= 74 cities capable of UAM: 2020-40 direct value of $318B: $244B in operator revenue, $32B
infrastructure and ATM and S41B in eVTOL sales.

* On-demand flights similar to ridesharing companies.

* Part 135 charter authority— demand warrants more fluid flight schedule - commuter.

 eVTOL operate in dense urban cores with high degree of maneuverability.

* Low noise electric propulsion promotes societal acceptance.

* Value proposition: commuters waste millions of hours stuck in road congestion.

 Commuters pay premium for early UAM adoption - provide reduction in road
congestion and incentive for policymakers to promote UAM.

e Reduced seat-mile cost: Goal - ride-share UAM costs same as ride-share surface costs
= Seamlessly integrate transportation modes.
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https://www.nexa-uam.com/

UAM Operations — Evolving Program

* Initial UAM operations:
" Low-tempo, low-density along small # .
fixed routes between few takeoff and landing areas >,

* Early expanded UAM operations:

" Higher-tempo, higher-density flights in small network of
Vertiports feeding common hub location and managed by
UAM operator and third-party services

* Mature UAM operations:

" High-tempo, high-density flights in network with multiple
hub locations, with orders-of-magnitude more vehicles and
operations then currently supported in airspace system.

ww.sdegngress.com
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UAM

Challenges

e L -

e Safety

* Business Model

* Air Traffic Control/Airspace
Integration

* Vertiports/Heliports

* Noise/Environment

* Autonomy

* Security

e Certifications (Aircraft and Operator)

e Battery Technology

* Intermodal Connectivity
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Safety

Data
UTM/ATM Heliport/Vertiport Communications
) | Business Model
Security
Type Operator Noise Intermo.d.al
Certification Certification Environmental Connectivity
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UAM Type Certification and Production Certification

e UAE member of ICAQO since 1972

* UAE General Civil Aviation Authority (GCAA); Established 1996

e “ .. toregulate Civil Aviation and provide designated aviation
services with emphasis on safety and security to regulate Civil
Aviation and provide designated aviation services with emphasis on
safety and security . . .”

* Developed UAS Regulatory Framework

o “ .. for UAS/drone operations in UAE.”

* CAR-UAS “Unmanned Aircraft Systems (UAS) and Operations”

 Effective March 2018, but does not apply to “. .. UA intended for
carriage of passengers.”

e Www,sdcongress.com -Jo



UAM Type Certification and Production Certification
GCAA and EASA

 GCAA 2008 agreement with EASA :

* “The acceptance by the Importing Party of
the airworthiness certification of civil
aeronautical products ... .”

* EASA Special Condition SC-VTOL-01

e “ . .foraperson carrying VTOL aircraft in
the small category, with lift/thrust units
used to generate powered lift and control.”

e Passenger carrying UAM must be shown to
have probability of 10 e-7 or less for
catastrophic failures

w,sdcongress.com

Information Classification:

: E A S SPECIAL CONDITION toc. "f: Lol
:. ) . SELE.
: A Vertical Take-Off and Landing (VTOL) | ... July 2018

Alrcraft

Special Condition for small-category VTOL aircraft

Statement of lssue

The Agency has recelved a number of requests for the type certification of vertical take-off and landing
(WTOL] aircraft, which differ from conwentional ratercraft or fixed-wing aircraft. In the absence of
certification specifications for the type certification of ths type of product, a complete set of dedicated
technical specifications in the form of a special condition fer WTOL aircralt has been develaped. This
special candition addresses the unigue characteristics of these products and prescribes arworthiness
standards for the issuance of the type certificate, and changes to this type certificate, for & person-
carrying VTOL aireraft in the small category, with liftfthrust units used to generate powered lift and
contro
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UAM Type Certification and Production Certification
GCAA and FAA

* 2006 GCAA /FAA agreement with FAA

* “Subject to the availability of resources, FAA will assist GCAA specialists in
conducting GCAA type validation of U.S. aircraft.”

* FAA will accept requests from U.S. civil aircraft manufacturers, on behalf of
the GCAA, for GCAA type certification

* FAA two “Issue Papers” for UAS Type Certification
* Available only to applicants
* G-1 Type Certification Basis - UAS Streamlined Process

* G-2 Determination of Compliance — Durability & Reliability Based Means of
Compliance for TC of Low-Risk Drones
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UAM Type Certification and Production Certification
FAA

New Desiegn Regulatory System Regulatory System
1 ]

—— : : : Establishes specific technical Establishes outcomes that must be
Designation of Applicable Regulations §21.17(b] requirements that must be met by  achieved; allows flexibility in how
Category : Special Class applicants and approval holders the applicant or approval holder
Class _Normal_ Transport ! h el achieves those outcomes
Airshi
| e e TR
Airplane I
i
| Glider . pos | Coms |
]
1 Greater agility in accommedating Defining requirements in terms of
! VeryLight i i i i
Rotorcraft : A":ka I_IEE5 innovation and new technologies performance can be challenging.
]

| frr————————— s LT | Stronger focus on achieving the Defining what compliance looks llke
:Other V ' : desired safety performance can be difficult
iNonconventional o _ 2 : i
i Improved understanding of risks Compliance planning requires more
tilize 14 CFR Parts 23, 25,27, B effort

i oty dl

Potential for stronger safety culture

1 || a3k [ opriate Feles :
AN S 36 AGRTOprSte within regulator and industry

As Required

Other Airwarthiness Criteria

As Required

Regulatory Certification Basis -—l
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Informa"i'ty)n lassﬂ'lcatlon égnerg r E 5 5 [: n m M




UAM Type Certification and Production Certification
FAA
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UAM Type Certification and Production Certification

— TC Issued |
TC & PC Application
PC lz=zued |
Production Certification
StudvFﬁ.RBr'E?,Buii-dl.iklll,"l:-nrtifi::tinnh:h> . .- - OO
" Production I::u'!.r License Jr
Type Certification RS e L
ADD Expesimental Cof | Cert Basis FAR 23/27 . TC Derivatives
o Conpllance ELOS, Spec Cond, Exemptions /|~~~ " T T TTTTTTTTTTTEEEeS O
ADD Exgeeiimiental Cof bAaiket qu__ o o D
Survey or Exhaation . Date of Application [FAR 21.17{c)] standard CoA
e e e Poss FAR Z21.173Ha)
\ DER Level of Effort ] Special Class
e T
Experim ental L "
CofRRD
\ B Continued Operational Safety (FAR 23.1309, 21.2) OO
- .......International TC, PC, Operations Strategy. _________ |
I.f

FAR 1357 | Passenger Service >
[ Discuss Cperations with Flight Standards Mon-passenger Sarvice _>
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UAM Type Certification and Production Certification
Challenges

* No common, global certification basis

* “The UAE will not only be the first country to allow operation of flying
pilotless taxis, it also will be a hub where such taxis are ‘the safest’,”
said Saif Mohammed Al Suwaidi, GCAA director-general.

*  REF: https://whatson.ae/dubai/2017/08/dubais-flying-taxis-safest-general-civil-aviation-authority/

* Manufacturers don’t understand LOE and expertise required for TC

* Regulatory Agencies not keeping pace with Industry
* Technology moving forward but may not be ready to carry passengers

BUT IT IS COMING

e WWwW sdeongress.com -Jo
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UAM Autonomous Operations

* Autonomous UAM much longer to implement than ground transport.

e Start piloted proceed toward autonomy,
1. UAM operations with pilot
2. UAM autonomous operation with pilot/safety observer and back up
3. Full UAM autonomous operation
4. Command and Control Center

* Aviation authority guidelines for fully-autonomous ops more un-
formed than autonomous cars
= UAM autonomy years out.
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UAS/UAM Air Traffic Control = UTM

* Current ATC practices too cumbersome
- * Manage by exception — what not to do!

: g '
e i * Collaborative — A/W, Ops, ATC
l':L:mr-rwm LARGEUAS 4 * Concept of Operations and ORA

1. Augmented Visual Flight Rules

2. Dynamic Delegated Corridors

3. Automated Decision Support Services
(,2 4. Performance-Based Operations

AIRFORT I ettt Lt

e Command and Control Center
i = 3" party service provider?
@ w = D 3 ' = C(Clearance, flight tracking, weather
’ « Automated verification
* Low Altitude Interoperability
3 | e * Broadcast/Remote ID — automated
w,,,;u?;n verifications
ca g VI AR (SEDE N CAS * Detect and Avoid day and night/all weather
* GPS/Communications, Environmental

i v &ff | MARKET: URBAN AIRMOBILITY

e Www,sdcongress.com * ASTM F38 WG —JDA



Data Communications:
Key to Safe and Efficient UAM Flight Operations

* Crucial Vulnerability: Security of In-Flight Data Transmissions

= UAM ops/public safety - continuous data comms between aircraft, control
center and network.

= Transmissions in open accessible airwaves; vulnerable to
interception/corruption by hackers

= Standard data encryption - adequate protection against unsophisticated
hackers, but not dedicated hackers.

= New data encryption technology, recently developed - KeyBITS.

0 Level of data security higher than all encryption.
= Does not rely on algorithms, not susceptible to code-breakers.
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* Digital Encryption Problem: Rely on Complexity
= Algorithmic data encryption - complex rules to transform each bit in message.
= Buries message enabled by modern computing power.
= Derived from layers of rules - always underlying pattern: puzzle to be solved.
= With powerful computers— code-breaker discerns pattern, decrypts message,
and impacts communication.
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Data Communications:
Key to Safe and Efficient UAM Flight Operations

e Solution: Use Unbreakable Keys

Not algorithmic - based on randomness and concealment.

Random encryption key (known as a “one-time pad” or “OTP”); sends key
through same channel as message.

OTP - encryption of each character independent from rest.

OTP used for years but not practical for high-volume, high-speed digital
communications - need for secure key delivery.

OTP systems rely on separate channels to prevent interception of both
encrypted message and unique key.

KeyBITS’s method for delivering encryption keys securely via same
channel as encrypted messages.

PERFECT SECURITY FOR
DIGITAL COMMUNICATION

Don’t get hacked. The unique KeyBITS encryption technology hides your data transmissions under a

cloak of “optical guantum noise”, disguising the signal, making it undecipherable and unhackable.

Information
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Heliport/Vertiport

* Heliports - single-point design;1 aircraft to land or takeoff
= No provision for multiple / simultaneous ops
= No parking, limited pax services.
* Limits # heliports for eVTOL ops or eVTOL retrofit
 eVTOL business model options:
1. UAM provider own facility — Uber Air
2. UAM provider owns facility but leases to firm that
specializes in pax facilitation and ground handling.
3. Mirror FBO - UAM provider leases space from existing
infrastructure owner.
4. Regulatory authority owns facility

; 22
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Heliport/Vertiport
Existing Standards and Regulations?

BEASA

Certification Speciications

s V4 and
aetionns o Awesben Guidance Material
fior
Aede romes the deslgn of surface-level

VFR hellports located at aerodromes
that fall under the scope of
Regulation (EL) 2018,/1139

7
[C5-HPT-DSN)

Vot [

CAARTO

HELIPORTS

FERS TN ety

No policy guidance or regulatory mandates for Vertiport operations;

no design standards, fire and building codes or best practices that

STAMDARIS, GLINUANCE AN (AR TR AFGARTNREG MELPORTE
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Heliport/Vertiport

No certified eVTOL to provide performance data regulators need for regulations.
To start April 3, 2019, FAA issued RFI to eVTOL industry to begin process

Regulatory void.
= Vast majority of Vertiports privately owned.
= Allows owners flexibility in design and operation.
= Provides stakeholders with some options should oversight or enforcement challenges arise.

Example - new building near Vertiport within approach and departure path.
Obstruction evaluation process makes determination whether proposed structure
encroaches onto flight path - determination not enforceable.

Also applies to public use airports, lack of oversight of Vertiports leaves operators
with no one “in their corner” should situation arise.
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Heliport/Vertiport
DESIGN AND PLANNING

* Vertiport operators operate as private facilities.

* Some exceptions eVTOL flights will originate
and terminate at, Vertiports not airports.

* Business case for standardized design and
construction — insurance driver etc. — A&E firms

31 Party accreditation/audit — IBAC. IS-BAO, IS-
BAH

e Charging stations — impact on grid — need for
electrical substations — rooftop - parking
garages or office buildings — fire safety codes -
solar

www,.sdcongress.com
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Heliport/Vertiport
Emergency Response

* Aircraft Rescue and Firefighting (ARFF)
* Fire codes, mitigation equipment and procedures

* High voltage electrical charging systems, electrical storage systems or
onboard aircraft batteries

* Personal protective equipment

* Medical equipment

* Emergency response procedures
 Removal of accident aircraft

* Building egress

e Www,sdcongress.com ~JOA



Heliport/Vertiport
Security

 Effective security programs tailored to
specific ops

* FBO non sterile area

* Risk-based - start during design phase —
minimize passenger impact

* |dentify verification and screening

= app-based user interface, integrated with non-
invasive biometric like iris scan or facial recognition

* Subscribers and “ad hoc” users - different
security protocols

e Twelve-Five Standard Security Program
(TFSSP) & Private Charter Standard Security
Program (PCSSP)

Informﬂ)r}ggﬁggrg gerll-elrg rE S 5 - c: u m ’M o



Heliport/Vertiport
Safety

Safety Nets

Signage and Marking Elevated Hellpads

Lighting - Safety Net

Alte rnate or emergency power Stat|0ns — When the Touchdown and LIft-Off (TLOF) area Is on a platform elevated
maore than 30 inches (76 cm) abave RS surrcundings, a safety net. not
less than 5 feet wide from the edge of the pad (1.5 m), should be

Emergency Response provided around the entire pad.

E gress — The safety net should have a load canying capability of 25 IVR2 foot

(122 kg/m2) and be anchored on all sides.
Fire Stations

Ground Handling and GSE

Battery safety

Flight Deck — USN flight deck expertise/model
Rotor Blades

Enable UAM-related reports and disaggregate data with to be useful policy tool

Safety Management System

Informﬂr}ga}sgficsandorg gerll-elrg rE s 5 - l: n m W =



UAM Operator Certification — Part 135

Aircraft under 12,500 lbs. MTOW , 4-6 passengers , Operate point-to-point
New regulatory “part” for UAM is years-long process - unnecessary.

General parameters of UAM CONOPS + Part 135 authority best fit.

UAMs would have several options for Part 135 compliance:

Obtain AOC from CAA

Obtain aircraft and provide to C/H (i.e. traditional aircraft management and
membership groups)

Does not own or operate UAM but is broker/aggregator connecting passengers
with carriers.

UAM provider contract for flights on specific schedule and resell to public. Flights
operated under Part 135.

Operations “on-demand”, Part 135 commuter or Part 121 carrier authority.

Part 135 commuter preferable - permits operating unlimited flights on schedule.

Must Address

Informat%n lass1flcat10n (Qnerg

Operations Procedures and Safety Assurance System

Adding aircraft, pilots to the certificate

Maintenance manuals and controls

Pilot training programs

HAZMAT programs

Drug/Alcohol Testing

Economic authority

Insurance requirements and Public Charter and Broker Rules

ress.com

L1 5 Ciazarimani
ol Trarmpariabss

Fedarnl Awlation
Fadmi et

Air Carrier Certificate

Thig cesrinies that

Toiddi rod, W Dol FETmard - O ohed Fyomond Sdason Aol 1550, s amendes], and

e ik, QaiEtHI R, et sraneme S rearnbeed fanereen bor Ba sl k0 OF ]
it i b Bdrely aninOrized I8 P B B0 i carker and conducd comrmon
i g O b i |8 SEoevla roe wih eakd Aol snd e el repgrietionms. g
shwrdn oe pra ez boaereber Gl IS0 KRR, CONEE0RE. pned Briatone

Gl BT W e bw'ﬁ.ﬁq Wlldr wlhb:luf].

Ths cwrt b bi i WarthlBTil ani, LETESS OO sUmaneared, mppded, o
rperhed Tl eardvn by gPba el by

T Cirmcdion of iha Adikraliral &

Cearichrnie surmiber S =L

b date —_ — — —

LI L x —_—



Informatlon 1a551flcat10n

UAM MAINTENANCE, REPAIR, AND OPERATIONS

UAM operator responsible for airworthiness of aircraft.

Use certificated technicians to maintain aircraft IAW manufacturer’s program.
No plans to address maintenance technician certification for eVTOL aircraft.
Use repairmen instead of A&P mechanics.

Repairman only under §135.411(a)(2)30 - requires maintenance program, processes
and systems similar to Part 121 operator.

= Possibility of exempting autonomous aircraft from some requirements
MROs provide mobile maint. and to perform maintenance away from location.
UAM should consider work-away model, depending on size of eVTOL.

UAM with autonomy could perform continuous reliability analysis, track and schedule
maintenancewith remote assistance of operator’s maintenance technicians. Can
optimize routine support and increase flexibility of maintenance worksites.

Elevated Vertiports pose challenges for maintenance accessibility.

Repositioning disabled aircraft challenging if malfunctioning equipment renders
aircraft incapable of flight, or ineligible for ferry permit.

Can Vertiport accommodate movement of major components in and out of structure?

generg rESS Eum




Intermodal Transportation Connectivity

* Provide seamless interface between ground and UAM systemes.
* Landside and airside separated by facility that queues for departure.

* To prohvide arrival and departure points for communities & create + impression
must have:

1. Attractive, safe, efficient, comfortable, and familiar transfer of pax to and from UAM aircraft and modes of
ground transportation.

2. Basic service functions and designed facilities that will assist pax to and from air/ground transportation
systems.

3. ProEer signhage, access roadways, adequate/convenient parking, safe drop-off and pick-up areas, lighting,
walkways & integrated security systems work together to facilitate safe and orderly flow of passengers.

4. Terminal space and aircraft infrastructure requirements based on passenger/aircraft activity and location.

* UAM terminals in dense urban environments need more robust infrastructure then those located
in suburban/rural environments.

* Benchmark - FBO industry specializes in planning, programming, designing, and managing GA
passenger terminals to meet requirements, resulting in higher quality, lower life cycle costs, and
Increased sustainability.
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Safety Management System

Imperative from Onset

safety Senior e The Four SMS Components
arﬂ“ﬁ:ﬂggtm ?:::—Eﬁ:: Dbjectives Safety Policy Safety Assurance
Evaluation Establishes senior management's Evaluates the continued
Organization commitment to continually effectiveness of implemented risk
for 5_?;"3":'- improve safety; defines the control strategies; supports
5 afety p::;nT:n methods, processes, and the identification of
Information Safety Advicor organizational structure new hazards
Management Management Structure, needed to meet
System Safety safety goals
P——— " Organizational tommittee Satety Risk
Promotion, Components . Manag S Safety Promotion
o HemagemmEr Determines the need for, >, Safety Promotion Includes:ralning,
Education sl adsquanpth e st
or revised risk controls based 5 e
positive safety culture within all
on the assessment of acceptable
fo Hazard Hisk levels of the workforce
.H.|51:||1_.:!:5 Investigation Ideﬁr;zﬁca:un ‘
Capabiliies Capabilities
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