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Research Roadmap and Digital Engineering

THEORY



What is a Research Roadmap?

A living document that describes how research informs the
progression of complex system capabilities
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What is a Research Roadmap?

A living document that describes how research informs the
progression of complex system capabilities

By way of high-level...
—> Requirements

—> Assumptions

— Constraints

Not really a Roadmap!

Does not use timeframes
Includes contradictions found in research
Roadmaps can be extracted



Under-the-hood System Engineering
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Digital Engineering methodology

— Traces to research through requirements hierarchy

— Analyzes requirements for research insights

— Provides dashboard reports for program management
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Notional Hierarchy of System Models
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UAM Airspace Research Roadmap v1.2

PRACTICE



UAM Airspace Research Roadmap Development

Started Rev 1.0
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UAM Airspace Research Roadmap Development

Started Rev 1.0 Rev 1.1
NASA Technical NASA-FAA
Memo review
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UAM Airspace Research Roadmap Development

§1 Introduction

§2 UAM Airspace System Definition

@/ §3 UAM Airspace System Progression

UAM Airspace Research Roadmap
Rev 1.2

§4 System Engineering Methodology
§5 Roadmap Requirements Tables
§6 Conclusions and Next Steps
References

Appendix A: Acronyms

Appendix B: Glossary

https://nari.arc.nasa.gov/uam-research-roadmap
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UAM Airspace Research Roadmap Development

§1 Introduction

§2 UAM Airspace System Definition

@/ §3 UAM Airspace System Progression

UAM Airspace Research Roadmap
Rev 1.2

§4 System Engineering Methodology

§5 Roadmap Requirements Tables

®-®

§6 Conclusions and Next Steps

m References

Appendix A: Acronyms

o
(o)
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;-% Appendix B: Glossary
https://nari.arc.nasa.gov/uam-research-roadmap

Started Rev 1.0 Revll Revl.2 Rev 2.0
NASA Technical NASA-FAA  NASA Technical Baseline
Memo review Memo
L 1 J
i |
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System Engineering Methodology

UAM System of Systems
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UAM System of Systems

Capabilities evolve over time

UML-

System Engineering Methodology

)

1: Pre-

Operational

UML-2: Initial

eVTOL introduced
Initial Data Collection

UML-3: Transition and Growth

Vertiports, PSUs new
airspace constructs
Extensive data collection

UML-4: New Predetermined Separator

New mode of operation
ATC is not the separator
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UAM System of Systems

Capabilities evolve over time
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System Engineering Methodology

)

UML-1: Pre-

Operational

UML-2: Initial

eVTOL introduced
- Initial Data Collection

UML-3: Transition and Growth

Vertiports, PSUs new
airspace constructs
Extensive data collection

UML-4: New Predetermined Separator

New mode of operation
ATC is not the separator
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System Engineering Methodology

—D () Airspace Mgmt
S

Airspace Design

oooooo
oooooo

Regulations & Policies

Communications

UAM System of Systems Navigation
Enterprise decomposed into .
capabilities that cover Secured Airspace

the airspace system
Separation Services

Surveillance

Vertiport Operations

Weather
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UAM System of Systems

Enterprise decomposed into
capabilities that cover
the airspace system

System Engineering Methodology

Discrete Progression

Airspace Mgmt

of Capabilities

Airspace Design

Regulations & Policies

Communications

Navigation

Secured Airspace

Separation Services

Surveillance

Vertiport Operations

Weather
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System Engineering Methodology

Airspace Mgmt

Discrete Progression

Airspace Design

Regulations & Policies

Communications

UAM System of Systems Navigation

@ Research Assumptions

@ Research Requirements
shall/should

@ Research Gaps
TBR

Enterprise decomposed into .
capabilities that cover Secured Airspace

will the airspace system

Separation Services

Surveillance

Vertiport Operations

Weather

\

of Capabilities

Expressed as... /
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Digital Engineering for Research

THEORY
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Development of a Research System

= uam sirspace Research @

‘© 01_AM. Airspace Management Systems and Services =

4&202_AD. Airspace and Procedure Design )

‘@ 03_AR. Airspace System Regulations and Policies =

404 _CsS Communication Senices and Systems =

=@ 05_NS. Navigation Services and Systems &

‘& 06_SA Secured Airspace B
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&> 09_vs. Vertiport Services and Systems =

Y& 10_Wx Weather &
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= (¥ 10_wx.Cos.
~ (Z 10_WX CO6.

Airspace Configuration Management

Aeronautical Information Services
ATM Interoperability

Common Operating Picture
Cooperative Information Exchange Network

UTM Interoperability ©
Airspace Construct

Approach and Departure Procedures ©
Contingency Procedures

Emergency Procedures [ ]

Off-Mominal Procedures °

En-route Procedures

Community Based Rules or CBR

Code of Federal Regulation or CFR

Palicies and Guidance

Safety Management Systerm or SMS / Safety Risk Management or SRM
Airspace System Certification and Qualification

Voice Services

Identify/Discover requirements and flow-
down to implementation of research system

Helps identify:
comprehensive set of capabilities
dependencies and interoperability

-

Contingency Communications

Telemetry Services
Command Services

Vehicle-to-Vehicle Services
Passenger Data Senvices
Pre-/iPost-Flight Wireless Services

Ground-based positioning services
Satellite-based positioning services

Identify
Protect
Detect
Respond
Recover

Strategic Conflict Management Services

Separation Provision Senvices
Collision Avoidance Services
Roles and Responsibilities
Separation Minima
Non-Cooperative
Cooperative

Airside Services

Emergency Services

Hazard Identification and Mitigation Services
Landside Services -
Resource Management

Vertiport Information Management

Vertiport Operations Training

Decision support [—])
Dissemination
Forecasts
MNumerical Weather Models
—_

Policy
Weather Observations




Integration of Research

Results

= UAM tirspace Research @
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Airspace Configuration Management

Execute research to identify new requirements,
and refine existing requirements

Aeronautical Information Services
ATM Interoperability

Common Operating Picture
Cooperative Information Exchange Network

UTM Interoperability ©
Airspace Construct

Approach and Departure Procedures -

Contingency Procedures

Research results validate and mature the
requirements

Emergency Procedures
En-route Procedures

Community Based Rules or CBR
Code of Federal Regulation or CFR

Off-Mominal Procedures

Palicies and Guidance
Safety Management Systerm or SMS / Safety Risk Management or SRM
Airspace System Certification and Qualification

-,

Contingency Communications

Voice Services

Telemetry Services
Command Services

Vehicle-to-Vehicle Services
Passenger Data Senvices
Pre-/iPost-Flight Wireless Services
Ground-based positioning services
Satellite-based positioning services
Identify
Protect
Detect
Respond
Recover

Strategic Conflict Management Services

Separation Provision Senvices
Collision Avoidance Services

Roles and Responsibilities

Separation Minima
Non-Cooperative
Cooperative
Airside Services

Emergency Services

Hazard Identification and Mitigation Services

Resource Management o o0

Landside Services

Vertiport Information Management
Vertiport Operations Training

Decision support [—) ! D D . /\j\
Dissemination L
Forecasts .. ¢
MNumerical Weather Models D
_—

Policy
Weather Observations
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X5 & UML-3 Operational Integration Assessment (OIA)

PRACTICE
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@ UAM Airspace Subproject’s Future Efforts

Complete Complete Tactical
Complete UTM Stratzgic Conflict Confri)ct Complete Eﬁms; Tech
ASTM Data Management Sim Management Sim jpL-3 , Complete
Exchange Sim  (X4) Complete Info (%) OIA i Airspace-
(xX3) Requirements for \ i fc{cused
\ u/ . i / Flight test
< She S TN o

Assistive automation may aid UAM

operators in speed, heading, altitude
adjustments to avoid loss of separation

Automation plays central role in speed,
heading, altitude adjustments to avoid loss
of separation

Increased Autonomy
—_—

Ongoing/Upcoming
Applications



On Demand Airport Transfer o .
gargo;eutwe;ypf UML-3 Operational Integration Assessment Use Cases
Regional Network
Air Ambulance
Fleet Operations

Regional

:“;{ N {rgo’4\ S Network
< / Delivery }

On Demand
Airport &
e 3
Transfer, ': (,,- -
A —— r "f_f / > - Ambulance
' Corridor - \ = &) 7
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”- Operations S
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._‘\ \‘
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& ; — -
o : Cross-metro o — | ~3
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Image Credit: National Aeronautics and Space Administration (NASA)



@ UML-3 Cooperative Conflict Management (CCM) Concept

Global

Air Traffic Manageme
' t
- p‘gtirgtlonal Congept !

International Civil Aviation Organization

Cooperative Conflict Management (CCM) addresses scalability through new ATM
paradigms that distribute the responsibility for Conflict Management amongst
cooperative actors

Relies on system actors having access to a Common Operating Picture

CCM for UML-3 means IFR or VFR, but with novel procedures enabling increased tempo

| g‘;‘g M SeY;‘elgL':eeds © ATM System: |
isaggregated to
understand the sometimes A Holistic Entity
complex interrelationship
between its components.

) Disaggregated for
discussion and role
understanding

All components must be
present in the ATM S 7
system The ATM system cannol
however, function without
1l of its components.
ATM System: ar!ne e onents must be
A Holistic Entity ﬂﬂ/“"

— Conflict management
tions
— Airspace user opera
DM —ATM service delivery management

nd management
AOM — Airspace organizaton 2 AUO

pcB — Demand/capactty palancing ol
A0 — Aerodrome operations
1s — Traffic synchronization

ponents
ven ATM concept compon
. The se
Figure 241.
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@’ UML-3 CCM Goals

VFR: managed flow of UAM traffic for IFR: efficient and predictable flow of
increased throughput, extending below  UAM operations, with acceptable ATC

VMC, with acceptable pilot workload workload at sustained tempos
P Fleet operator, ATC(PSU), vertiport | PIC, ATC, flect operator (PSU),  DAACAautomation/PiC !
& manager, on board pilot/automation DAA automation
&2
& 8

Collision 4‘ '

Layer 1:Strategic Conflic‘t Management Layer 2: Tactical Confli‘ct Management Avoidance

: f TH "

- ~
: StrategiF ‘ Strategic

: Deconfliction replanning t

S t

. 1 2
: § (DCB) and pre- t Re-routing

L P flight CD&R for strategic

separation

R

Undetermined . o
transition times Times specified in
DAA standards

................................................................................

Departure Time

Notional Conflict Management Diagram

Developed by NASA/Maria Consiglio 26



@ UML-3 Technical and Operational R&D

Tactical Conflict Management (X5)

Implement automation to support
Cooperative Conflict Management
— Strategic and Tactical for UML-3
— Interoperability tested through
simulation and analysis

Assess the effectiveness of the total
system

27



@ UML-3 Technical and Operational R&D

Tactical Conflict Management (X5) CD UML-3 Operational Integration
Assessment (OIA)

* Implement automation to support * Integrate X5 capabilities into a higher-
Cooperative Conflict Management TRL operational environment
— Strategic and Tactical for UML-3 — Joint NASA/FAA integrated LVC

— Most system actors represented

* Integrate UAM and non-UAM traffic

_ — Novel airspace constructs
* Assess the effectiveness of the total _ Off-nominal scenarios

system

— Interoperability tested through
simulation and analysis

* Key objectives
— Accelerate UML-3 Operationalization

— Evaluate innovative solutions for
operational integration

— Evaluate and explore ATM, Flight Crew, and
Operator functions

— ldentify barriers associated with
progressing operations from VMC to IMC



&

UML-3 Technical and Operational R&D

Tactical Conflict Management (X5)

* Implement automation to support
Cooperative Conflict Management
— Strategic and Tactical for UML-3
— Interoperability tested through

simulation and analysis

* Assess the effectiveness of the total

system

Traces to broad set of research
requirements and assumptions

CD UML-3 Operational Integration

Assessment (OIA)

* Integrate X5 capabilities into a higher-
TRL operational environment
— Joint NASA/FAA integrated LVC
— Most system actors represented

* Integrate UAM and non-UAM traffic

— Novel airspace constructs
— Off-nominal scenarios

* Key objectives
— Accelerate UML-3 Operationalization

— Evaluate innovative solutions for
operational integration

— Evaluate and explore ATM, Flight Crew, and
Operator functions

— ldentify barriers associated with
progressing operations from VMC to IMC
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Requirements Development

. @ 01_AM.CO01. Airspace Configuration Management

- @ 01_AM.CO02. Aeronautical Information Services

- @ 01_AM.CO3. ATM Interoperability

- @ 01_AM.C04. Commaon Operating Picture

-~ @ 01_AM.CO05. Cooperative Information Exchange Network
~ @ 01_AM.COG. UTM Interoperability

,@ 01_AM. Airspace Management Systems and Services =1—

- @ 02_AD.C01. Airspace Construct

- (‘3 02_AD . C02. Approach and Departure Procedures
- @ 02_AD.C03. Contingency Procedures

- @ 02_AD.C04. Emergency Procedures

- (‘3 02_AD.C05. En-route Procedures

-~ @ 02_AD.C06. Off-Mominal Procedures

4&202_AD. Airspace and Procedure Design 5——

- @ 03_AR.C01. Community Based Rules or CBR

- @ 03_AR.C02. Code of Federal Regulation or CFR
4@037AR. Airspace System Regulations and Policies =— - (‘3 03_AR.C03. Policies and Guidance

- @ 03_AR.C04. Safety Management System or SMS / Safety Risk Management or SRM

-~ (‘3 03_AR.CO05. Airspace System Certification and Qualification

« (¥ 04_CS €01 Voice Services
- (‘3 04_CS.C02. Telemetry Services
- (£ 04_CS.C03. Command Services
4@04705 Communication Senices and Systems = - (‘3 04_CS.C04. Contingency Communications
- @ 04_CS.C05. Vehicle-to-Vehicle Services
-~ @ 04_CS.CO06. Passenger Data Services
~ @ 04_CS.CO07. Pre-/Post-Flight Wireless Services

- (‘3 05_MNS.C01. Ground-based positioning services
=@ 05_NS. Navigation Services and Systems £
DI_I;_L] Airspace Research =< - @ 05_MS.COZ. Satellite-based positioning services

— (¥ 06_SACO1. Identify

~ (2 0B_SA.CO2. Protect

= (Y 06_SACO3 Detect

~ ( 06_SA.C04. Respond p
~ () 06_SA CO5. Recover

‘& 06_SA Secured Airspace B

- @ 07_S5.C01. Strategic Conflict Management Services

- @ 07_SS5.C02 Separation Provision Services
‘@U?_SS. Separation Services and Standards =— - @ 07_S5.C03. Collision Avoidance Services

- @ 07_SS.C04. Roles and Responsibilities

- @ 07_S5.C05. Separation Minima

= () 08_SU.C01. Non-Cooperative

V& 06_SU. Surveillance Senices and Systems = - @ 08_sU.C02 C )
_SU.C02. Cooperative

- @ 09_VS.C01. Airside Services

- @ 09_WVS.C02. Emergency Services

- @ 09_VS.C03 Harzard Identification and Mitigation Services
'@UQ_VS. Vertiport Services and Systems Fl— - @ 09_VS.C04. Landside Services

- @ 09_VS.C05. Resource Management

- @ 09_VsS.C06. Vertiport Information Management

-~ @ 09_VS.CO07. Vertiport Operations Training

- @ 10_WX.C01. Decision support

~ (¥ 10_WX.C02. Dissemination

= (2 10_Wx.CO3. Forecasts

- @ 10_W.C04. Numerical Weather Models
~ (2 10_Wx.C05. Palicy

- @ 10_W.COB. Weather Observations

Y& 10_Wx Weather &



Integration of Research Results

. @ 01_AM.CO01. Airspace Configuration Management

- @ 01_AM.CO02. Aeronautical Information Services

- @ 01_AM.CO3. ATM Interoperability

- @ 01_AM.C04. Commaon Operating Picture

-~ @ 01_AM.CO05. Cooperative Information Exchange Network
~ @ 01_AM.COG. UTM Interoperability

‘© 01_AM. Airspace Management Systems and Services =—

- @ 02_AD.C01. Airspace Construct

- (‘3 02_AD . C02. Approach and Departure Procedures
- @ 02_AD.C03. Contingency Procedures

- @ 02_AD.C04. Emergency Procedures

- (‘3 02_AD.C05. En-route Procedures

-~ @ 02_AD.C06. Off-Mominal Procedures

4&02_AD. Airspace and Procedure Design 51—

- @ 03_AR.C01. Community Based Rules or CBR
- @ 03_AR.C02. Code of Federal Regulation or CFR
4@037AR. Airspace System Regulations and Policies =— - (‘3 03_AR.C03. Policies and Guidance
- @ 03_AR.C04. Safety Management System or SMS / Safety Risk Management or SRM
-~ (‘3 03_AR.CO05. Airspace System Certification and Qualification
« (¥ 04_CS €01 Voice Services <
- (‘3 04_CS.C02. Telemetry Services
- (£ 04_CS.C03. Command Services
4@04705 Communication Senices and Systems =— - (‘3 04_CS.C04. Contingency Communications
- @ 04_CS.C05. Vehicle-to-Vehicle Services
-~ @ 04_CS.CO06. Passenger Data Services
~ @ 04_CS.CO07. Pre-/Post-Flight Wireless Services

_ ut (‘3 05_MNS.C01. Ground-based positioning services
=@ 05_NS. Navigation Services and Systems &
GI_HI.I sirspace Research =< - @ 05_MS.COZ. Satellite-based positioning services

— (¥ 06_SACO1. Identify

~ (2 0B_SA.CO2. Protect

= (Y 06_SACO3 Detect

~ ( 06_SA.C04. Respond 2
~ () 06_SA CO5. Recover

‘& 06_SA Secured Airspace B

- @ 07_S5.C01. Strategic Conflict Management Services

- @ 07_SS5.C02 Separation Provision Services
‘@U?_SS. Separation Services and Standards & — - @ 07_S5.C03. Collision Avoidance Services

- @ 07_SS.C04. Roles and Responsibilities

- @ 07_S5.C05. Separation Minima

= () 08_SU.C01. Non-Cooperative

V& 06_SU. Surveillance Senices and Systems =
- @ 08_SU.C02. Cooperative

- @ 09_V3.C01. Airside Services

- @ 09_V5.C02. Emergency Sernvices

= (* 09_VS.C03. Hazard Identification and Mitigation Services X5 O IA resea rch
'@UQ_VS. Vertiport Services and Systems El— - @ 09_VS.C04. Landside Services

- @ 09_VS.C05. Resource Management

- @ 09_VsS.C06. Vertiport Information Management resu Its

-~ @ 09_VS.CO07. Vertiport Operations Training
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@ Next Steps

Practice
* Baseline UAM Airspace Research Roadmap Rev 2.0 in Jan 2023

 Build out database of research results

* Apply Al/ML techniques to increase efficiency of the researcher, program
manager, and system engineer

* Apply process to next 5-8 years of ATM-X UAM Subproject research

Theory
* Develop concept of operations for Knowledge-based Digital Platform

e Study transportation system enterprise and its sectors



