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Presenter
Presentation Notes
Hello Everyone, Thank you for joining today to hear our presentation on Tracing NASA Contributions Toward Aviation Safety Stakeholder Guidance. 

My name is Darisha Vidrine. I am a graduate student of Embry-Riddle Aeronautical University pursing a Master of Science in Systems Engineering. I am also a volunteer Safety Team Representative of the Federal Aviation Administration.

Over the past year, I had the opportunity to work with the NASA System Wide Safety Team and contribute toward the research and development of autonomous capabilities of the In-time Aviation Safety Management System. To my (right/left) are my colleagues Dr. Samantha Infeld and Douglas Agyemang. Dr. Infeld will share “….” And Doug will share his experience on the Verification and Validation processes. 





NASA’s System-Wide Safety Project

= Need for integrated safety
management of emerging aviation
operations

" |n-Time Aviation Safety Management
System (IASMS)
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Presentation Notes
NASA’s System-Wide Safety (SWS) project was created in response to the aviation industry’s need for more proactive, predictive, and integrated safety management as more diverse, dense, and automated aerial operations emerge in our shared airspace. 


SWS Goals
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Presenter
Presentation Notes
The System Wide Safety goal is to create a system that can anticipate potential safety issues before they occur, allowing for timely interventions by:

Developing and maturing IASMS Services, Functions, and Capabilities (SFCs) for traditional commercial aviation and the merging of new Advanced Air Mobility  operations into the existing infrastructure, 

Developing and maturing validated assurance methods to inform certification paths for autonomous functions, 

And developing functional requirements for IASMS applications addressing varying risk levels and complexity.

This approach not only enhances safety but also improves efficiency and reliability in aviation operations.



SWS Sub-Project Teams

e The research and testing of software to implement
IASMS capabilities and assurance of autonomous
functions for traditional and emerging operations

e The testing and evaluation of integrated IASMS
services, functions, and capabilities.

e Developing the overarching concept of operations
and architecture that clearly address stakeholder
needs
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Presentation Notes
The SWS Project addresses these goals  through sub-project teams that focus on the research and testing of software to implement IASMS capabilities and assurance of autonomous functions for traditional and emerging operations. The testing and evaluation of integrated IASMS Services, Functions and Capabilities, and developing the overarching concept of operations and architecture that clearly address stakeholder needs. 


System Design Process


Presenter
Presentation Notes
As a research and technology project, System-Wide Safety is working in the early “System Design Process” of Concept and Technology Development”, or “Phase A”,


System Design Process

" Needs, Goals, and Objectives Flow
= |ASMS System Functions
= Decomposing System Functions into Potential Behaviors

= Validating architecture through traceability:
= FAA Unmanned Aerial System Safety Risk Management Guidance
= National Academies Safety Assurance Recommendations
= |[ASMS Research and Autonomy Verification & Validation Roadmaps
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Presentation Notes
This process starts with defining the needs, goals, and objectives of the IASMS acquired from stakeholder input which is used to develop relevant use-case scenarios and the concept of operations. 

The NGOs then help to inform the conceptual architecture framework and decompose system functions into potential behaviors. 

We then seek stakeholder guidance to validate the architecture with source documents such as the FAA Unmanned Aerial Systems Safety Risk Management Policy Guidance, the National Academies Aviation Safety Assurance recommendations, the NASA and Flight Safety Foundation IASMS Research Roadmaps and the Autonomy Verification and Validation Roadmaps. 



Needs, Goals, & Objectives (NGO)
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Presenter
Presentation Notes

Here is a diagram of the NGO flow capturing need, goals, objectives of stakeholders as well as the National Airspace and Data Management Constraints of the system.
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Presenter
Presentation Notes
In Frame 1 of the diagram the International Civil Aviation Organization Requirements for a safety management system that is expanded to In-Time operations. Safety Performance Monitoring and Measurement, Management of Change, and Continuous Improvement of the Safety Management System.


Frame 2: In-Time SWS Assurance | .
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Presentation Notes
In Frame 2: NASAs Aeronautics Research Mission Directorate Strategic Plan states a need for In-Time SWS Assurance
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Presenter
Presentation Notes
The goals for a Safety Assurance Suite as described in the IASMS research roadmap traces to the need. There are five sub goals here that capture recommendations from the National Academies report.
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Presenter
Presentation Notes
Here we trace the connections to the eight objectives of a system that operates in-time, effectively, assured, fail-safe, predictive, analytical, and demonstrates human-autonomy teaming and value. It is a continuing process to clarify the objectives that do not trace to one of the functional IASMS goals but may be put in the context of a constraint.
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Presenter
Presentation Notes
Here we show the Data Management and National Airspace System Integration constraints that flow from the Safety Assurance Suite goal.


Conceptual Architecture


Presenter
Presentation Notes
From the NGO flow we are able to model the IASMS functional architecture.


IASMS Functions Allocated to System - .

bdd [Package] System [ IASMS System Functions Allocated to the System]

«activity»
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«system» @
In-time Aviation Safety Management System
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Presentation Notes
The block definition diagram pictured here shows the IASMS architecture envisioned as the system performing the system behaviors of “mitigate”, “monitor”, “assess”, and “assure” as activities allocated by the system. 

Note to self (not to be read aloud): 
Purpose: A BDD is used in systems engineering to represent the system’s structure. It shows the components (blocks) of a system and their relationships.
Elements: It typically includes blocks (representing physical or logical components), their properties, and relationships (such as associations, dependencies, and generalizations).
Focus: The BDD focuses on the static structure of the system, providing a blueprint of the system’s architecture.


Conceptual
Architecture

A 3

-

ORGANIZED BY COMPOSED OF SETS OF THE SFCS HOSTED AND
HAZARD TYPE THEY SERVICES AND ACCESSED BY ANY AGENT
MAY MANAGE FUNCTIONS (SFCS) AND WILL DEPEND ON THE
DATA INTERFACES FOR OPERATION, OPERATOR, OR
THE INPUTS AND AUTONOMY INVOLVED
OUTPUTS OF THOSE
SERVICES
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Presentation Notes
Within the conceptual architecture, capabilities are organized by hazard type they may manage. The potential IASMS behaviors are composed of sets of services and functions (SFCs) and data interfaces for the inputs and outputs of those services and functions hosted across agents, depending upon the details of the aviation operation in which they will be implemented. 
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Presenter
Presentation Notes
The IASMS system functions are specialized to behaviors. This is one perspective on how we can categorize the range of potential IASMS behaviors or general capabilities to respond to different hazards. to specific aviation operations of pre-flight, in-flight, and post-flight.

Note to self (not to be read aloud):
Purpose: A Functional Model is used to describe the functions or behaviors of a system. It represents what the system does rather than how it is structured.
Elements: It includes functions, inputs, outputs, and the flow of data or control between functions. Focus: The Functional Model focuses on dynamic behavior and the logical flow of operations within the system.


Descriptive Modeling of Roadmaps and Agency
Guidance




2035-2040-
2040-2045~

Y]
(4]

B [ Roadmap Version 1.0
& [ Aviation Weather
€ Qualified Microdimate Forecasting 2030-2035
) Qualified Microdimate Nowcasting for Urban Weather 2025-2030
: Qualified Weather Service for New Entrants 2025-2030
) Upper Atmosphere Weather Forecast 2030-2035
=0 Cross—Cuthng Research and Development
) Certification Processes for Architectures with Design Assurance 2035-20490
€ ) Computing and Cross-Model Communications Infrastructure 2025-2030
(€ ) Coordination and Separation of Autonomous and Human-Managed Traffic 2030-2035
( /alidate Safety of Human-Managed Airspace and Autonomous Vehides 2030-2035
E] I':l lndl\a idual Vehide Flight Management
€ ) BVLOS Ground Risk Assessment 2025-2030
Common Operating Picture and Deconfliction 2025-2030
Expanded Terrain and Obstade Info for BVLOS 2025-2030
Filight Planning 2020-2025
C ) IVFM Single Pilot Ops for Large Cargo Transport Mission 2035-2040
C ) Large Cargo Operations End-to-End 2040-2045
Limited Cargo Operations for Individual Vehide Flight 2030-2035
C ) Limited Cargo Operations for Tactical Separation 2030-2035
C ) Limited Remotely Piloted Commercial Operations 2035-2040
MNational Strategy DAA Capability for cUAS 2030-2035
") Population Mapping Tools 2020-2025
Remotely Piloted AAM-Like Operations 2030-2035
) Self-Monitoring and Healing 2030-2035
Vehide Risk Assessment 2025-2030
El [“__| safety Data and Resilience Analysis
C ) ANSP Adoption 2020-2025
Identification of Emerging Risks 2040-2045
) In-Time Safety Data Collection 2030-2035
Risk and Resilience 2020-2025
Safety Data Sharing 2025-2030
Safety Database 2025-2030
Safety Hazards Identification 2035-2040
C) Safety Performance 2020-2025
State Safety Program Expansion 2030-2035
C) State Safety Programs 2025-2030
E] [ strategic Conflict Management
= Airspace Volume Complexity Management 2030-2035
(C) Flexible Airspace for Volume Segregation 2035-2040
) Flexible Airspace Volumes and Operations 2040-2045
Integrated Airspace Support 2035-2040
C ) Reduced Airspace Volume Protection 2030-2035

O e
(7]

o e
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£ Tactical Separation Management
H Adaptive Buffer Zone 2035-2040
Conflict Advisory Alert and Routing Guidance 2030-2035
") DAA Implementation for Tactical Separation 2025-2030
(C) Larger UAS DAA Implementation for Tactical Separation 2030-2035
Low Altitude Static Obstade Avoidance 2020-2025
'C) Semi-Autonomous Delivery with Human Oversight (Small Package) 2025-2030
) Surveillance Info for BVLOS Operators 2025-2030
€ ) UAV Tactical Separation Management for Large and Medium Transport 2040-2045
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Presenter
Presentation Notes
The In-Time Aviation Safety Management System research roadmap is divided into six major sections (or swim lanes) capturing various research areas also known as the functional requirements of Safety Data and Resilience Analysis, Strategic Conflict Management, Tactical Separation Management, Tactical Separation Management, Aviation Weather, and Cross-Cutting Research and Development. Each section captures a set of capabilities or activities anticipated to be available within a given time frame between now and 2045. By modeling the capabilities outlined in the roadmap, we can highlight NASA's System-Wide Safety project research activities, which will support the aviation industry in developing each capability. 


~33 pue ab je 10) Jusiiabeuey uopeledas [BIIR] AV

) "0z auog kayng asdepy
.ﬁ_, Juswabieueyy) uoneedas |eae| |
o ST OT 0207 DPRYN|Y-MET] J0J Jntuabeue]) 2ibajens
= = b07-0F07 Juswabeuey uopeiedas pue yyuo) ybajens
-0E07 U0JR)01d SWnjop aoedsly paonpay

Strategic Connectivity

Roadmap

=)

uely 1461 AR [enpipul ]
Rldojarag) pue E 55007 [

M5

S

B-F1a

JASMS Research Roadmap Traceability

4
a
=
=
=
=]
-
n
a
=
T
1]
Bl
=
=
%]
E
a
it
n
E
U]
b
(=]
TS
W
=
=
2
-
et
=4
(=
=]
n
a
o
@
]
=
=%
E
c
v
]
(=]
T
(aa ]
T
=
*

—
)
™~
o
w
—
(=
L
=
o
=4
o
@
=
=
=
&
I
Q
o
I
—
]
T
~
J
o
x

-03-14 AAM Integration (FY23)

2

LI®
& » TC2-03-15 Assess Usabil

Al

ate SFC Interfaces (completed)

ity of Candid

SCITECHS

-~


Presenter
Presentation Notes
During the IASMS Research Roadmap Traceability task, the project highlighted the limited transparency in defining progress solely through milestones that grouped capabilities or objectives without specifying them in the milestone or activity definitions. As shown in the matrix, SFCs tested and integrated within Technical Challenge 2 (TC2) included functionalities for managing airspace, detect-and-avoid separation, and obstacle avoidance in an urban scenario with small UAS. This process confirmed that each technical challenge conducts research addressing multiple essential capabilities across the aviation industry. This insight was valuable for project management and systems engineering, however, it also posed a challenge for direct tracing from the project to the roadmap. 

As a result, we decided to create a milestone attribute for traceability to an appropriate roadmap or project objective for future milestone approval procedures. Additionally, we established a potential close-out activity for current subprojects to trace tasks or groups of tasks completed to the capabilities defined in research roadmaps, allowing them to display subproject impacts formally without using milestones as the alignment objects.


Necessary Autonohy Assurance Artifacts and Evidence
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Presenter
Presentation Notes
The Autonomy Verification and Validation Roadmap and Vision 2045 is built on six key areas: autonomy use cases, verification techniques, human-autonomy interaction, runtime techniques, new applications, and autonomy software certification. With the help of the Technical Challenge 4 (TC4) manager, we refined these into four research categories for better tracking: autonomy use cases, new autonomy areas in aviation, AI technology gaps needing V&V techniques, and certification paths for autonomous technology. Each category includes advanced capabilities from the roadmap, modeled as UAF "Capabilities" and shown through the SWS project, not IASMS. Using MBSE to track SWS milestones to these capabilities aids in project planning and communication with stakeholders.
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Presenter
Presentation Notes
With the Autonomy V&V Roadmap Traceability, The Technical Challenge 4 results were integrated into milestone reporting, addressing certification gaps for machine-learning components. Current and planned activities will trace these capabilities to ensure clear project impact by early 2025.


) o

FAA Order 8040.6A UAS SRM Policy Guidance -

FAA Order 8040.6A
SWS IASMS ConOps Related Hazards Mitigations IASMS

Behavior

Appendix B Relation Map
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Presenter
Presentation Notes
 The relation map diagram was created with Appendix B UAS hazards, mitigations, and outcomes contained in FAA Order 8040.6A listing hazards for uncrewed aerial systems, mitigations in the form of infrastructure, training, procedures, and automated safety functions.

The project aligns with FAA Safety Risk Management Policy by mapping IASMS Hazard Management Strategic Capabilities to the hazards in the FAA table through descriptive modeling. It also traces the automated safety function mitigations in the FAA table to the IASMS behaviors that incorporate these functions


NASA-FAA Advanced Air Mobility Research
Transition Team |
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Presentation Notes
The FAA's roadmap outlines goals for Advanced Air Mobility (AAM).
 The System-Wide Safety (SWS) project, part of the joint NASA and FAA Research Transition Team for AAM, intends to align its subproject tasks and research areas with these goals. By creating formal traces here from SWS research areas to AAM goals, the project aids team communication and establishes a traceability flow from the AAM mission to research products and IASMS architecture elements that support these goals.
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In Conclusion

Traceability methods were implemented to link the research work and system architecture
elements developed at NASA with community-created roadmaps and FAA aviation guidance.

The process encountered challenges because project milestones did not decompose
problem-solving along the same dimensions as the roadmaps.

Despite these obstacles, the traceability activities prompted a reassessment of project
activity planning.

The traces established in the SysML model of the IASMS facilitate the recording and
presentation of traceability information in various visual formats.

This visualization was instrumental in demonstrating the project's impact and its alignment
with societal needs to NASA management and our industry and organizational partners.
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Presentation Notes
This progression shows that while there were challenges, the traceability methods and data visualization were essential steps that led to a reassessment of planning to better align with the intended goals.
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