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Safe, sustainable, affordable, and accessible aviation for transformational local and intraregional applications
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Advanced Air Mobility (AAM) MissionMedium Density/Complexity, Collaborative and responsible, automated systems

Low Density/Complexity, Assistive automation 
Low Density, Medium Complexity, Comprehensive safety assurance automation
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NASA Role to Address AAM Challenges

NASA to deliver long term technical solutions and architecture 
requirements for industry, regulatory community 3

Vehicle Development 
and Operations

Airspace Design 
and Operations

Community 
Integration NASA and key partners are collectively 

taking on the most difficult mission 
challenges to enable industry to flourish 
by 2030

▪ Research and Development Portfolio

▪ Robust Ecosystem Partnerships

▪ AAM National Campaign (NC) Series



NASA AAM Ecosystem Partnership Strategy
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Community Outcome 
System Architectures and 
Requirements for medium 

density operations

NASA must have a 
focused ecosystem-

wide partnership 
strategy to enable 

UML-4

NASA intends to establish partnerships with government, industry and academia to 
collaborate on the critical enabling technologies and vital research relevant to AAM.

NASA plans to partner with Federal/State/Local authorities as well as international & professional 
associations to develop the policies, regulations and standards necessary to enable the UAM market.

• Foundational research 
partnerships in existence 
and developing

• NASA/FAA AAM Working 
Groups are beginning 
formal execution

• Continue to Leverage NC 
as a centerpiece of the 
partnership strategy

• AAM Ecosystem Working 
Groups (AEWG) are 
providing a valuable 
opportunity space for 
localities, international, and 
standards organizations



Why is the AAM Mission using MBSE?
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Model Based Systems Engineering (MBSE) is the “utilization of dynamic models to complete standard 
systems engineering tasks in order to visually represent system functionality and hierarchy”

AMO Goals:
• To enable the AAM Mission by capturing, organizing, tracing, analyzing and validating representative AAM 

system architectures and requirements
• To grow and foster the use of MBSE practices across NASA Aeronautics

Objectives:
• Develop a centralized information database accessible by the AAM Ecosystem
• Improve ability to manage a very large and highly complex set of system concepts, architectures & reqmts
• Build a comprehensive representative AAM system architecture structure
• Capture the necessary data and requirements that define the UAM System Architecture
• Validate the AAM system architecture using research and test data
• Identify gaps in existing standards, regulations, and policies
• Improve communications and interoperability across the AAM Ecosystem
• Enable reusability of system elements that can be leveraged by other NASA Projects and external Stakeholders
• Enable scalable solutions to the problem
• Increase the use of modeling within AAM Mission Projects 



Outputs: final products generated by 
the system (e.g., technology  transfer 

elements and leave-behinds)

AAM System Concept Meta-Model (Very High Level)

Inputs: contributing elements used to 
shape the system (e.g., vision, scope, 
concepts, operational environment)

Controls: items that constrain and direct 
the system (e.g., specifications, policies, 

rules, laws, standards)

Enabled 
by MBSE

AAM Reference Framework 
Model of Models

Mechanisms: enabling groups (e.g., 
organizations, people, facilities, tools)



AAM System Concept Meta-Model in MBSE Format
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NASA UAM ConOps Modeling

• Modeling effort started late 2020
• Working in the upper left-hand side of the 

Systems Engineering “V”
• Focus on commonality, reusability, and 

traceability through the ConOps
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Model Based Representation

Document Representation



Requirement Hierarchy
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Operational and Functional 
Requirements captured in 

the NASA “Mission 
Engineering” Logical 

Model 

Low-level Functional, 
Performance, and Design 

Requirements captured in 
Partner and Flight-Test 

Physical Models 

Operational 
Requirements

(Operate by the rules)

High-Level 
Functional Requirements

(Provide functionality to 
meet operational requirements)

Low-Level 
Functional Requirements

(Derived functionality to meet operational requirements)

Performance Requirements/Guidelines
(Quantify functional requirements)

Design Requirements
(Meet design standards and specifications)



System Architecture Model Development Steps
• Initial AAM concept development

• Integrate content from SMEs
– Based on initial AAM concept
– Derive baseline architecture and requirements 

from concept with inputs from SMEs
– Logical model

• Mature AAM model and concept
– Use logical model as basis for AAM research and 

National Campaign physical models
– Update logical model based on research and 

testing outcomes 
– Logical model changes inform concept changes

• Validate AAM model and concept
– Determine validation strategy
– Collect data from research and National Campaign
– Analyze results
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FAA NextGen’s v1.0 UAM Research ConOps

11Figure from FAA NextGen’s v1.0 UAM ConOps document: https://nari.arc.nasa.gov/sites/default/files/attachments/UAM_ConOps_v1.0.pdf

https://nari.arc.nasa.gov/sites/default/files/attachments/UAM_ConOps_v1.0.pdf
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FAA Nextgen’s V1.0 UAM Research ConOps: Model
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NASA UAM UML-4 ConOps Model

NASA Modeling Environment = NASA Models (Reference Architecture, ConOps, FARS, etc.) on TWC & interactions between



Nominal UAM Operations (Part 1)

• Resource Process Flow shows functions and their step-by-step 
workflows in the Resource Domain
– Resource domain is used to define the resources needed to implement the 

architectures to realize desired capabilities
• Diagram shows the Functional flow during 

Nominal UAM Operations
• UAM Operational Intent data flows between 

Planning Phase and In-Flight Phase
• Lower Levels exist to describe functional 

decomposition and allocation to UAM 
Participants

14
Nominal Operations based on Section Headers in Section 6



Nominal UAM Operations (Part 2) 
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• Diagram shows the functions 
occurring during Planning 
Phase of Nominal UAM 
Operations (Section 6.1.1.1)
– Row shows the Participants
– Column (a.k.a. Swimlanes) shows 

functionality expected for each 
Participant

• Captured as written in the 
documentation

• Notes on the diagram for 
added description but also 
highlights need for clarification



UAM Operations Contingency
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• Separate Diagram for Off-
Nominal Scenario (Section 6.2)
– Row shows the Participants
– Column shows functionality 

expected for each Participant

• Captured as written in the 
documentation

• Last Swimlane brings in ATC 
and their functions during the 
UAM Operations Contingency
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Show hyper link capabilities

Model structure aligns with FAR 
model

Federal Aviation Regulations Modeling



Glossary

• Common Glossary defined 
and used across models to 
ensure consistent 
terminology

• Acronyms and Terms are 
populated throughout the 
model

• Able to access the 
description of a 
word/phrase from the 
Glossary as it appears in 
the model
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Report Generation

• Can Generate Reports directly from the model in 
Office (.docx, .xlsx) format

• Enables up-to-date elements to be output quickly
• Customizable Templates for Stakeholder needs

– Could export full model or only select diagrams

19

Snapshot of Template
Exported Report



AAM Reference Framework External Engagement
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AAM Reference 
Framework

NASA ARMD 
AAM Research

NASA AAM 
Operational Demos

State/Local 
Laws & Ordinances

Enabling 
Technologies

Professional 
Organizations & 

Technical Standards

Policy, 
Procedures, 

Rules & Regulations

Enabled 
by MBSE

• Inputs:
– Concepts and Use Cases
– Validation Support:

• National Campaign Test Models
• Research and test results
• Sub-system models from Industry

– Candidate Standards, Regulations, and 
Ordinances

• Outputs:
– Model of Federal Aviation Regulations
– Interim Releases of Reference Framework

• Model Structure
• ConOps and Use Cases: Including Glossary
• System Architectures and Requirements

– ConOps Model
– Reference Architecture

• Modeled Candidate Standards, Regulations, 
and Ordinances
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Backups



AAM System Concept Meta-Model Overview

AAM Reference Framework 
Elements

AAM Reference Framework 
Analyses/Validation

The collection of material, models, 
and data used to organize and 
develop the Critical Commitment 
content.

Activities (tests, assessments, etc.)  
and their results supporting the 
verification, validation, and 
traceability of the components 
within the Reference Framework. 
These may be executed by NASA 
Projects or external partners.

Guidance Material
Applicable AAM RF Element content that 
directly supports or adds clarity to the other 
Critical Commitment content. (e.g., glossary, 
research findings/reports, UML definitions)

AAM Concept and Use Cases
The high-level vision that provides a common 
understanding that supports the development 
of the system-level requirements and 
architecture for the reference missions.  

Recommended Requirements
System-level specifications used to define and 
bound candidate characteristics and 
constraints of an operational AAM system. 

Stakeholder Inputs

Contributing elements from the 
Stakeholders used to shape and test 
the AAM system under development. 
These include concepts, architecture 
models, system assumptions, and 
planned research. 

Candidate System Architectures
Organization of the elements of the system, 
supporting the understanding of the roles, 
relationships, dependencies, and interfaces of 
the reference mission systems. 

Stakeholders
The organizations and people that 
enable and influence the AAM system 
(e.g., NASA Projects, Other Govt. 
Agencies, Industry Partners, etc.)

Controls
Materials that constrain and direct 
the definition of the system (e.g., 
specifications, policies, rules, laws, 
standards, etc.)

AAM Reference Framework (RF)
AAM Critical Commitment Deliverables
“Book of Requirements and Guidelines”
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