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Introduction

• Summary of Last meeting (6/18/18)
– Discussed NASA UAM Framework and Barriers
– Introduced NASA Grand Challenge concept
– Several “themes” included; Autonomy, noise, path to commercialization, 

manufacturing, and the NASA role in UAM

• Goals of today
– Update on NASA strategic considerations

• Discuss elements to NASA UAM strategy
• Conversation on UAM Maturity Levels

– Update on approach to Grand Challenge (GC) Series
• Conversation on the approach to the GC series
• Conversation on the execution of GC2020
• Conversation on data and Intellectual Property (IP)

– Emphasize of themes from 6/18 ARTR where appropriate



Design, manufacture, 
and system readiness 

of UAM vehicles

Operations and 
maintenance of a single 

UAM vehicle, 
independent of the 

sharing of airspace or 
other system resources

Societal integration and 
acceptance of UAM 

operations

Operations and 
management of multiple 

vehicles within a UAM 
system that enable safe and 
efficient sharing of airspace 
and other system resources

Design, development, 
and implementation of 
infrastructure to enable 
safe and efficient multi-
vehicle UAM operations

UAM Vision and Framework
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Airspace System 
Design & 

Implementation

Air Traffic & 
Fleet Operations 

Management

Vehicle 
Development & 

Production

Individual Vehicle 
Management & 

Operations

Community 
Integration

Urban Air Mobility (UAM) Vision
Revolutionize mobility within 

metropolitan areas by enabling a safe, 
efficient, convenient, affordable, and 

accessible air transportation system for 
passengers and cargo



UAM Ports
Autonomy

Noise

Regulations/Certification
Safety

Affordability
Security

1. Safe ATM Ops
2. Efficient ATM Ops
3. Scalable ATM Ops
4. Fleet Management
5. Urban Weather Prediction

1. Vehicle Design & Integration
2. Airworthiness Standards & 

Certification 
3. Manufacturing
4. Vehicle Noise
5. Weather-Tolerant Vehicles
6. Cabin Acceptability

1. Airspace Design
2. Operational Rules, Roles, & 
Procedures
3. CNS & Control Facility 
Infrastructure
4. UAM Port Design

1. Safe Urban Flight Management
2. Scalable Vehicle Ops
3. Certification & Ops Approval
4. Ground Ops & Maintenance

1. Public Acceptance
2. Supporting Infrastructure
3. Operational Integration
4. Local Regulatory 
Environment & Liability 

UAM Framework and Barriers
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UAM Reference Missions

e.g. SMALL PACKAGE DELIVERY

e.g. INTRA-METRO AIR SHUTTLEe.g. AIR MEDICAL TRANSPORT e.g. UBIQUITOUS INTRA-METRO TAXI

e.g. UAS MULTI-PACKAGE DELIVERY

Non-Passenger Carrying Reference Missions

Passenger Carrying Reference Missions

INITIAL STATE MATURE STATEINTERMEDIATE STATE

e.g. PUBLIC SAFETY VEHICLES



Community Landscape - Passenger Carrying Focus

6Incomplete list of Stakeholders



A
irs

pa
ce

, a
ir 

tr
af

fic
, &

 fl
ee

t o
pe

ra
tio

ns
 m

an
ag

em
en

t 

Ve
hi

cl
e 

de
ve

lo
pm

en
t &

 p
ro

du
ct

io
n 

1

Aircraft developers

a

Propulsion

b

Battery/power

c

Manufacturing
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Integrated automation 
& aircraft operations

e

Avionics & automation:
DAA

f

Avionics & automation:
Automated mission
management
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Subsystems: 
Communications

h

Subsystems:
Navigation

i

Subsystems:
Surveillance

j

Airspace design

k

Flight procedures
development

l

Vertiport design

m

Cybersecurity
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Airspace test sites

o

Traditional ATM
suppliers

p

Flight services
providers

q

Airspace service
providers

r

ATM automation
development

s

Fleet operations

t
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Community integration
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REFERENCE MISSION TWO – PASSENGER-CARRYING

UAM State of the Art Assessment
Intermediate State

Pillar Capability / Discipline

Preliminary Draft High maturity Medium maturity Low maturity



UAM Maturity Levels (UML)
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UML-1
• Early UAM operations in a limited environment

• vehicle benchmarking and airworthiness, traditional airspace features and procedures, community data, 
largely exploratory operations

UML-2
• Low-density, low complexity UAM operations by partial automation

• Integrated air/ground/cloud, simultaneous multiple vehicle operations, multiple foundational airspace 
services integrated, community acceptance data and learning

UML-3
• Low density, medium complexity UAM operations by limited automation

• safe urban flight management systems, CNS denied, demand capacity management, contingency 
management

UML-4

• Medium density, medium complexity UAM operations by conditional 
automation

• Complex dynamic conditions, scaled CNS solutions, weather tolerant, noise, standards complete, efficient 
ground operations, urban infrastructure, community acceptance

UML-5
• Medium density, high complexity UAM operations by high automation

• Automated air/ground operations, automation on-demand services and infrastructure, stable policy and 
regulatory  environment

UML-6
• High density, high complexity UAM Operations by full automation

• Ecosystem-wide multi-modal autonomy, extensive infrastructure, high production manufacturing, public 
acceptance and benefit

INITIAL 
STATE

MATURE 
STATE

INTERMEDIATE 
STATE

Draft



UAM community participants address ecosystem wide safety and integration barriers 
in a robust and relevant environment

Establish robust private partnership (PPP) model to develop and 
V&V critical industry standards and policy

Develop research and technology products on key challenges  
(autonomy, safety, noise, adverse weather operations etc.)

Leverage UTM and ATM experience to enable UAM requirements for 
airspace management systems that enable autonomy

Urban Air Mobility
NASA Strategic Overview

Airspace 
Operations 
Capabilities

Aircraft 
Technology & 

Methods

Partnerships 
and 

Standards

UAM Grand 
Challenge
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Vehicles Airspace Community

UAM Maturity Levels (UML)
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UML-1
• Early UAM operations in a limited environment

• vehicle benchmarking and airworthiness, traditional airspace features and procedures, community data, 
largely exploratory operations

UML-2
• Low-density, low complexity UAM operations by partial automation

• Integrated air/ground/cloud, simultaneous multiple vehicle operations, multiple foundational airspace 
services integrated, community acceptance data and learning

UML-3
• Low density, medium complexity UAM operations by limited automation

• safe urban flight management systems, CNS denied, demand capacity management, contingency 
management

UML-4

• Medium density, medium complexity UAM operations by conditional 
automation

• Complex dynamic conditions, scaled CNS solutions, weather tolerant, noise, standards complete, efficient 
ground operations, urban infrastructure, community acceptance

UML-5
• Medium density, high complexity UAM operations by high automation

• Automated air/ground operations, automation on-demand services and infrastructure, stable policy and 
regulatory  environment

UML-6
• High density, high complexity UAM Operations by full automation

• Ecosystem-wide multi-modal autonomy, extensive infrastructure, high production manufacturing, public 
acceptance and benefit

INITIAL 
STATE

MATURE 
STATE

INTERMEDIATE 
STATE

Grand Challenge ParticipantsDraft



Grand Challenge (GC) Series Overview
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Vehicles
functional UAM vehicles with threshold level of 
demonstrated airworthiness

Airspace Management
airspace and air traffic management technologies 

and services built and simulated to a threshold 
level of UAM ATM requirements

Industry Provided NASA Provided

Stakeholder Integration 
societal integration and acceptance of UAM Operations including public acceptance, supporting infrastructure, 

operational integration, standards organizations, the local regulatory environment, etc.

Ecosystem Wide Support

Safety and Integration Scenarios
airworthiness processes, realistic UML-4 scenarios, and a range(s) designed in 

concert with the FAA to support UAM testing



2020 Grand Challenge (GC-1) Overview
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Vehicles
functional UAM vehicles with 
threshold level of demonstrated 
airworthiness

Airspace Management
airspace and air traffic management 

technologies and services (FAA ATM + 
UTM) built and simulated to a 

threshold level of UAM ATM 
requirements

Industry Provided NASA Provided

Stakeholder Integration 
societal integration and acceptance of UAM Operations including public acceptance, supporting infrastructure, 

operational integration, standards organizations, the local regulatory environment, etc.

Ecosystem Wide Support

Safety and Integration Scenarios
airworthiness processes, realistic UML-4 scenarios, and a range(s) 

designed in concert with the FAA to support UAM testing

NASA 
Systems & 
Interfaces
ATM-X UAM ATM, 

“Testbed/LVC”



GC Vehicle and Airspace Management Participants
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Vehicles
functional UAM vehicles with threshold 
level of demonstrated airworthiness

• Provide vehicle design and 
development data to support 
airworthiness approvals 

• Conduct “experimental” class flights 
to benchmark vehicles and 
demonstrate ability to handle simple 
failures and contingencies

• Conduct Safety and Integration 
Scenarios for Grand Challenge 
including pre-defined interfaces with 
Airspace Management systems

Airspace Management
airspace and air traffic management 
technologies and services built and 

simulated to a threshold level of UAM 
ATM requirements

• Provide UAM ATM technologies that 
meet initial ATM-X provided 
requirements and Interface Control 
Documents (ICD)

• Demonstrate capabilities will meet the 
ICD benchmark and contingency 
simulations or live testing

• Conduct Safety and Integration 
Scenarios for Grand Challenge 
including pre-defined interfaces with 
vehicle systems



Grand Challenge Test Scenarios

Sense and Avoid

Scalability Automatic 
Recovery Crashworthiness

Noise

Security Full Autonomy Cabin Acceptability Others…

Benchmark 
Testing

1-V

Simple Failure
& contingencies

2-V

Scheduling & 
Trajectory 

Performance

CNS Denied 
Environment

Vehicle & ATM 
Interoperability

Benchmark 
Testing

Simple Failure
& contingencies

1-A 2-A

UAM Ports and 
Approaches

Airworthiness

0-V
ICD

Design Data

0-A

A: AirspaceV: Vehicle

Design Readiness Pre-Qualification @ participant location GC2020 ScenariosA V

Human Autonomy 
Teaming

GC Series Scenarios



Grand Challenge Series Progression
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Grand Challenge Series progresses through scenarios that increase in number, complexity, 
technology readiness, operational readiness, and standards and regulatory emphasis



Stakeholder Integration

Societal integration and acceptance of UAM Operations including 
public acceptance, supporting infrastructure, operational integration, 

standards organizations, and the local regulatory environment

How do the components Grand Challenge provide benefit to each? 

• Supporting infrastructure - Infrastructure elements such as vertiports and charging 
stations could be provided by partners

• Public acceptance – GC will have a large public outreach campaign associated with it.  Live 
events on “day of” are being considered.  Opportunities to perform in local communities 
via ranges and Test Sites.

• Operational integration –smart city initiatives, multi-modal, etc. as part of Grand 
Challenge Series

• Standards organizations - strategic partnership with standards and operational 
organizations for vehicles, airspace, vertiports, noise, vertiport design, fire codes

• Regulatory environments, including Local government– Local regulators will have the 
opportunity to assess complete lists of current local regulations and consider ways to 
approach legislation and long-term planning consideration for the future
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IP and Data Rights Philosophy

• The UAM industry needs a large pool of data in order to establish safety 
standards, and the Grand Challenge can be an effective option for generating 
this data for key components 

• Specific attributable proprietary information would be protected, but the 
aggregated data may be pooled and leveraged to develop clear industry-wide 
safety standards

• Discussion topics:
– What potential concerns might industry have over a model like this?
– How can we best address those concerns, while still meeting our safety data 

objectives?



GC Path Forward

• Communicating and Coordinating with Industry and stakeholders
– Request for Information (RFI) – Coordinating draft, release date anticipated for late 

August / early September 2018
– Industry Nov 1, TBD Location (likely Seattle) - public notice to be released soon
– Both will be opportunities to receive input on the scenarios NASA plans to focus 

on, and how they are implemented

• GC-1 Acquisition / participant agreements
– Feb/Mar 2019 target date for GC public notice release
– Jun/Jul 2019 for signed template Space Act Agreement’s with participant pool

• GC-1 Execution
– 2019 NASA interfaces (i.e. range, UAM ATM via ATM-X Project, Testbed, etc) 

Planning and Development
– Mid 2020 GC dry run (possibly find an anchor partner?)
– Late 2020 GC Execution

• “A series of challenges”
– Continue assessing interest of community and begin planning for future challenges

19



20


	Slide Number 1
	Introduction
	UAM Vision and Framework
	UAM Framework and Barriers
	UAM Reference Missions
	Community Landscape - Passenger Carrying Focus
	UAM State of the Art Assessment�Intermediate State
	UAM Maturity Levels (UML)
	Urban Air Mobility�NASA Strategic Overview
	Slide Number 10
	UAM Maturity Levels (UML)
	Grand Challenge (GC) Series Overview
	2020 Grand Challenge (GC-1) Overview
	GC Vehicle and Airspace Management Participants
	Grand Challenge Test Scenarios
	Grand Challenge Series Progression
	Stakeholder Integration
	IP and Data Rights Philosophy
	GC Path Forward
	Slide Number 20

