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From the Knowledge-based Digital Platform (KbDP)
Concept for Advanced Air Mobility Research to a
Preliminary Prototype

Forum: TPAT December 7, 2022
Presenters: Nipa Phojanamongkolkij, NASA Langley Research Center
Lead Systems Engineer, ATM-X UAM Subproject
lan Levitt, NASA Langley Research Center
Principal Engineer, ATM-X UAM Subproject
Braxton VanGundy, NASA Langley Research Center
Software Developer



@ Purpose

Describe the Knowledge-based Digital Platform (KbDP), its
preliminary prototype, and get feedback from TPAT




@ Outline

* Background (15 min)
* Proposed Solution —the KbDP (15 min)

* Preliminary Prototype
— User Story 1, Demo, Discussion (20 min)

— User Story 2, Demo, Discussion (10 min)
— User Story 3, Demo, Discussion (15 min)
— User Story 4, Demo, Discussion (10 min)
— User Story 5, Demo, Discussion (5 min)
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Background — Draw from the Previous TPAT Forum

UAM Airspace Research Roadmap
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UAM System

UAM Airspace Research Roadmap

Forum:
Presenter:

TPAT June 6, 2022

lan Levitt, NASA Langley Research Center

Principal Engineer, ATM-X UAM Subproject

UAM System of Systems

partially decomposed into
capabilities that cover
the airspace system

Airspace Mgmt

Airspace Design

Regulations & Policies

Communications

Navigation

Secured Airspace

Separation Services

Surveillance

Vertiport Operations

Weather

A living document that describes how research informs the

progression of UAM airspace capabilities

High-level requirements
Assumptions
Constraints

Started V1.0 V1.1 V1.2 . V2.0
NASA Technical NASA-FAA  NASA Technical Baseline
Memo review Memo
L | ) .
I I
NASA-Informed FAA-Informed
https://nari.arc.nasa.gov/uam-research-roadmap

@ Research Assumptions
will

@ Research Requirements
shall/should

Operational and
Functional

@ TBR

Roadmap and system
engineering (SE) methodology

For latest info, see Roadmap Rev 1.2



https://nari.arc.nasa.gov/uam-research-roadmap

Under-the-hood System Engineering
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Model-Based Systems Engineering Efforts to Evolve the
Airspace Research System Roadmap,” 2022 AIAA Aviation
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Digital Engineering methodology

Lower-level requirements
Inter-dependency traces
System analysis
Dashboard reports

Element
Alrspace Management Systems
and Services Architec

Airspace and Procedure Design

Airspace System Regulations a

Communication Services and
Systems

Separation Services and

Standards

UAM Subproject Airspace Roadmap Progress Indicator

Component

Provider of Services to UAM (PSU)
Supplemental Data and Services Provider (SDSP)
Discovery Services
FAA-Industry Data Exchange Protocol (FIDXP)
Airspace Integration
Airspace Construct
En-route Procedures
Community Based Rules (CBR)

Voice Services

elemetry Services
Command Services
Contingency Communications
Pre-/Post-Flight Wireless Services
Strategic Conflict Management Services
Separation Provision Services
Collision Avoldance Services
Roles and Responsibilities
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Cheng, A., Witzberger, K., Phojanamongkolkij, N., and Levitt, I., " Urban Air Mobility (UAM) Airspace
Research Roadmap Systems Engineering Approach to Managing Airspace Evolution Towards UML-4,"
2022 AIAA Aviation Forum, June 2022
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fying Airspace Research Gaps beyond UAM Subproject
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UAM Airspace Research Roadmap
Rev 1.2

Jan Levité, Nipa Phojanamongkolkij, Adam Horn
Langley Research Center, Hampton, Virginia

Kevin Witzberger
Ames Research Center, Moffett Field, California

June 2022
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Capability Component
Airspace Management Systems and
Services

Airspace and Procedure Design

Airspace System Regulations and
Policies

Communication Services and Systems -

Navigation Services and Systems

Secured Alrspace

Separation Services and Standards

Surveillance Services and Systems

Vertiport Services and Systems

Weather

UAM Airspace Roadmap (Enterprise View)

onfigurat Aar
cal Information Ser
TM Interoperability
Operating Picture
operative Information Exchange
UTM Interoperability
3 nstruct

App?oach and Departure Procedures
Contingenc r €

y edur
Emergency Procedures
En-route Procedures

ff-Nominal Procedures

munity Based Rules (CBR)

Code of Federal Requlation (CFR)
Policies and Guidance
Safety Management System (SMS) / Safety Risk Management (SRM)
Airspace System Certification and Qualification
e S

Vehicle-to-Vehicle Ser
Passenger Data Services
st-Flight W

Ground-based positioning services
Satellite-based positioning services
lentify
Protect
Detect
Respond
Recover

trategic Conflict Management Service!
Separat Provision Service
Collision Avoidance Services
Roles and Responsibiliti
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
Numerical Weather Models
Policy
Weather Observations
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Fyz21
Fyz2
FY23
FYz4
FY25
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.Comp\eted work

Significant gaps to Advanced Air Mobility (AAM), National Airspace
System (NAS), or the National Transportation System (NTS)



@ Problem Statement

e Stove-piped R&D across the aerospace and transportation community

* Lack of integrated research strategies and research outcomes
— leads to inefficient research investment decisions and tech transfers of limited utility

* Lack of complete enterprise understanding of the problem
— makes enterprise-level challenges (e.g., sustainability, supply-chain) intractable
— leads to sub-optimal solutions that have not considered the entire problem space



Elements of the Proposed Knowledge-base Digital Platform (KbDP)
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1. Stakeholder Model

DATA CATALOG

 Graph Theory

* Digital Engineering * Data Science

* System

 Machine Learning Engi .
ngineering

Actual system “flight proven” through successful
mission operations

Change Management Technology Transfer s,

Common Technical Processes

ompleted and “flight qualified” through

System/subsystem
+ System Design, Product Realization, and Technical Management development —— stration (ground or flight)
T System prototype dem
get/space envi
Technology

* Research pipeline with T
To?l:d:::a:::’::?aud Methods IndUSt ry and FAA Te(hZO'OQY

* NASA SE Handbook and Guides

* Researcher, Project
Manager, and System

eeeee t

Component and/or breadboard validation in laboratory

* Technical Measures and Research to prove
fe

En ineer ' :// ssessments o o e —
8 ' A * Technical readiness and -
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e Building coalition iy S operational readiness .

+ Ethics, Training, Experience

Analytical and experimental critical function and/or
ac of-of-concept

characteristic pro

Technology cencept and/or application formulated

Basic principles observed and reported

FIGURE G.4-1 Technology Readiness Levels

NASA Procedural Requirements (NPR) 7123.1C, 2020 NASA Systems Engineering Handbook Revision 2, Appendix G, 2020



https://www.nasa.gov/seh/appendix-g-technology-assessmentinsertion
https://nodis3.gsfc.nasa.gov/displayDir.cfm?Internal_ID=N_PR_7123_001C_&page_name=Chapter1

@ An Innovation Ecosystem for Transportation

Stakeholder Engagement

Discover Exp|0re

Integrated
RDT&E

i e : i FAAWJHO: : i NAsa ARC | Ca ptu re

Live, Virtual, Constructive (LVC) environment Digital Engineering




@ An Innovation Ecosystem for Transportation

ro Aligns with non-IT Agile best

*<" practices and processes

Recognized by NextGen

l Who’s NOT at

as 10% of the TBO Stakeholder Engagement

problem

Discover

__________________

————————————————————————

| NASALRC | | FAAWJHTC ! | NASAARC !

Live, Virtual, Constructive (LVC) environment

Integrated
RDT&E

" Needed =

Capture

MBSE efforts

are necessary,
s | DU NOL
sufficient

Must be
enterprise-level

Digital Engineering 10


https://www.mitre.org/sites/default/files/2022-08/pr-22-0142-a-framework-for-applying-agile-methods-for-non-information-technology-it-disciplines.pdf

Exploration Workflow

e \WWeb access to Research
Database

* Provide necessary detail

Stakeholder Engagement

Discuss and Define

e Scenario-based discovery
e Inclusive and diverse
e Detailed exploration

Feedback to Knowledge Database

LVC Environment

Build and Execute

e Learn by Doing
e Info-Centric Sandbox
e Safety and Performance

11



Exploration Workflow

LVC Environment

Stakeholder Engagement

Discuss and Define Build and Execute
e Web access to Research e Scenario-based discovery e Learn by Doing
Database e Inclusive and diverse e Info-Centric Sandbox
e Provide necessary detail e Detailed exploration « Safety and Performance
Planned NASA/FAA UAM research is s
running on a 1-year cycle »

12



Exploration Workflow

e \WWeb access to Research
Database
* Provide necessary detail

Stakeholder Engagement

Discuss and Define

e Scenario-based discovery
e Inclusive and diverse
e Detailed exploration

Goal to reduce cycle from
years to months

LVC Environment

Build and Execute

e Learn by Doing
e Info-Centric Sandbox
e Safety and Performance

13
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Proposed Distributed Simulation Capability

LVC Environment

Persistent, info-centric sandbox
capability

Explore data exchanges, operational
procedures, human-machine roles

Collect safety and performance info,
feed decision-making

Public / Private ownership, access
and governance

14
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Digital Engineering
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Knowledge database of integrated research results,
with web-based user interface for RDT&E

* Proof of Concept with early prototype
established for UAM Airspace

* Lightweight process to formalize learnings,
enabled by Al/ML

e User Stories include standards and literature
search; research planning; scoping
assumptions; and certification support

* Public/Private model that compliments the LVC

 Low-TRL NASA technology, could be ready for
transfer in 5-7 years



@ Vision

A future transportation system evolved to ... (safe, equitable,
resilient, sustainable, competitive) ... that enables ... (peace,
prosperity, societal change)

A o ot ;,,'

Think Big



Current KbDP Strategy

From Document-based

NASA/TM-20220008917

UAM Airspace Research Roadmap
Rev 1.2

Ian Levitt, Nipa Phojanamongkolkij, Adam Horn
Langley Research Center, Hampton, Virginia

Kevin Witzberger
Ames Research Center, Moffett Field, California

June 2022

Tools and Methods:

To Digital/Cloud-based
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Perlarm
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reguirement
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Satisly
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Deliverable

Research system hasRequirement
reguirement
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- Requirement Search Summary Dashboard

MASA UAM Search Engine

UAM Knowledge

- [EEECR (zoogle-like) Search

Systems Engineering: SE processes, SysML
Data Science: graph theory and algorithm, machine learning, data visualization, experimental design
Software Development and Infrastructure: web/software development, Google Cloud Platform, Amazon Web Service



@ Early Prototype Web-service

Prototype web-service: UAM Knowledge Database (nasa.gov)

Knowledge Database for UAM Airspace Research

Please Select an Application

UIETESEEA =P perform literature review, scope research

Visualization Dashboard

S T Project Management Research Planning
Explore potential research questions — .
Stories

£ N2

Technical Dashboard

UAM Mission Classifier
Certification Guidance
Supporting Predefined Research Questions

UAM Knowledge Database



https://nasa-uam.ndc.nasa.gov/

@ User Story 1 — Literature Review

Researchers have
recognized a vast literature
in their research area. They
would like to perform
“google-like” search for
relevant, key requirements
along with any supporting
documents.

NASA UAM Search Engine

o UAM Knowledge
Number of Results: 10 ¥ | Dataset: NA (google_llke) Sea rch

Tools and Methods:

Systems Engineering: SE processes,

Data Science: , machine learning, , experimental design

Software Development and Infrastructure: web/software development, Google Cloud Platform, Amazon Web Service



DEMO



@ Discussion

* Does this user story make sense?

* Does the web-application support the story?
— What works?
— What doesn’t work?

* How to improve the user experience?

21



@ User Story 2 — Supporting Predefined Research Questions

\..\

Individual researcher is
planning a research activity,
and wants to identify prior
research, research gaps, areas
of need, relevant requirements
and assumptions.

Knowledge Database for UAM Airspace Roadmap

UAM Maturity Level (UML):
Requirement Search
[ s |

Tools and Methods:
Systems Engineering: SE processes,
Data Science: , machine learning, , experimental design

Software Development and Infrastructure: web/software development, Google Cloud Platform, Amazon Web Service



DEMO



@ Discussion

* Does this user story make sense?

* Does the web-application support the story?
— What works?
— What doesn’t work?

* How to improve the user experience?

24



@ User Story 3 — Research Insights

' Performed

(is being performed to)

\._\

Requirement’s
relationships to various
source references

Deliverable

Perform
(subject)

» Actor
’ Allocated
Roadmap o lisallocated to)

derivedReq :eqmren‘:e nt

Researchers would like to
explore dependencies among
system of systems. They can
visualize the dependencies to
understand the “what” and
can drill down to dependent
requirements to understand
the “why and how”.

) Satisfy
derivedReq
(is a derive requirement from)

Researchsystem _ hasRequirement
requirement

Tools and Methods:

Systems Engineering: SE processes, SysML

Data Science: graph theory and algorithm, machine learning, data visualization, experimental design

Software Development and Infrastructure: web/software development, Google Cloud Platform, Amazon Web Service
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@ Discussion

* Does this user story make sense?

* Does the web-application support the story?
— What works?
— What doesn’t work?

* How to improve the user experience?

27



@ User Story 4 — Project Manager Research Planning

Project Manager and Principal
Engineer are planning research
for the next few years. They
would like to visualize the
research gaps, and where
research is most needed,
dependencies and opportunities
with other projects.

Summary Dashboard

Tools and Methods:

Systems Engineering: SE processes, SysML
Data Science: , , data visualization,

Software Development and Infrastructure: web/software development, Google Cloud Platform,



DEMO



@ Discussion

* Does this user story make sense?

* Does the web-application support the story?
— What works?
— What doesn’t work?

* How to improve the user experience?

30



@ User Story 5 — Certification Guidance

\..\

A Service Provider (e.g., PSU) has
decided to prepare for the
certification for a given service
(e.g., conformance monitoring)
at UML-2 (or UML-3/4). The SP
would like to get a list of UML-2
requirements that are used for
the certification process.

nnnnnnnnnn

UAM Maturity Level (UML)
Requirement Search
[ sum |

Tools and Methods:
Systems Engineering: SE processes,
Data Science:

Software Development and Infrastructure: web/software development, Google Cloud Platform,
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@ Discussion

* Does this user story make sense?

* Does the web-application support the story?
— What works?
— What doesn’t work?

* How to improve the user experience?

33



@ Conclusions and Next Steps

Have accomplished:
* Proof of Concept with early prototype established for UAM Airspace
» Lightweight process to formalize learnings, enabled by Al/ML

e User Stories include standards and literature search; research planning; scoping
assumptions; and certification support

Path forward:

* Address feedbacks and suggestions

34
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UAM Airspace Research Roadmap

A living document that describes how research informs the
progression of UAM airspace capabilities

High-level requirements

Assumptions
Constraints

Started V1.0 V1.1 V1.2 | V2.0
NASA Technical NASA-FAA  NASA Technical Baseline
Memo review Memo

| A J
i I

NASA-Informed FAA-Informed

https://nari.arc.nasa.gov/uam-research-roadmap
36
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