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Project Overview

NASA’s System-Wide Safety (SWS) project is developing innovative data solutions to assure 
safe, rapid, and repeatable access to a transformed National Airspace System (NAS). 

1. Created in 2018 and is part of NASA Aeronautics’ Airspace Operations and Safety Program. 
2. Evaluates how the aerospace industry and aircraft modernization impacts safety by using 

technology to address future operational and design risks. 

SWS Goals:

1. To explore, discover, and understand the impact on safety of growing complexity introduced by 
modernization aimed at improving the efficiency of flight, the access to airspace, and the expansion of 
services provided by air vehicles

2. To develop and demonstrate innovative solutions that enable this modernization and the aviation 
transformation envisioned for global airspace system through proactive mitigation of risks in 
accordance with target levels of safety

*SWS Management Office 



Project Overview (cont)

To transform the NAS, SWS employs high-risk research and development (R&D) to understand how the 
modernization of industry and aircraft can affect overall safety. SWS is developing and demonstrating 
innovative solutions within several key research areas, referred to as technical challenges.

Current Technical Challenges (TCs):

• TC-2: In-Flight Safety Predictions for Emerging Operations 

• TC-4: Complex Autonomous Systems Assurance

• TC-5: Safety Demonstrator Series for Operational IASMS

• TC-6: In-Time Aviation Safety Management System

• SWS is developing the concept and requirements for an assured In-Time Aviation Safety Management 
System (IASMS) to achieve the goals described above. 

• An IASMS is an integrated set of services, functions, and capabilities (SFCs) to address operational risks 
and hazards of a transformed NAS. SWS catalyzes the discovery of the unknown and paves the path 
forward for aviation safety in the future airspace.

*SWS Management Office 



SWS Project Research Portfolio
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SWS Project Research Portfolio

As a project within the Airspace Operations and Safety Program of NASA’s Aeronautics 
Research Mission Directorate, System-Wide Safety’s research will:

• Improve the efficiency of flight, the access to airspace, and the expansion of services 
provided by air vehicles.

• Explore, discover, and understand the impact on safety from the growing complexity 
introduced by industry modernization.

• Develop and demonstrate innovative solutions that enable the aviation transformation 
envisioned for global airspace system.

• Identify and proactively mitigate risks per target levels of safety 

*SWS Management Office 
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More Operations = Increased risk potential

New Missions = Increased Integration Complexity

Sustainability = New Constraints
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Transformed Airspace
A Complex Challenge

Digital Transformation – Changes to Existing Systems 
and Integration of New Systems is a Known Challenge
AAM – Certification and Paths Needed for both 
Airworthiness and Operations
Automation and Autonomy – Means of Assuring 
Automated/Autonomous Systems a looming challenge 

Notable Barriers
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Background 



3RD PARTY RISK ASSESSMENT
• GRASP
• NPCRA
• ProxThreat (PtT)
• ROC (Obstacle Collision)

OPERATING CONDITIONS SAFETY SYSTEMS
• Wind Modeling (WM)
• Hyper-Local Weather Station (WxSt)
• Wind Information Prediction (WIPS)

AIRSPACE 
MANAGEMENT HEALTH 
& SAFETY SYSTEMS
• Airspace Dynamic Density 

Risk Assessment (DD)
VEHICLE HEALTH & SAFETY SYSTEMS
• Battery Prognostics (BP)
• Battery Health Management (BHM)
• Flight Performance Assessment Service (FPAS)
• Auto-pilot Monitor (APMon)
• Constraint Monitor i.e. Geofencing (SAFEGUARD)
• In-flight Anomaly Detector (MMS, IMS)
• C2 Link Monitor
• Detect & Avoid Safety Interface 

(ICAROUS/DAIDALOUS)

INTEGRATED SAFETY RISK 
ASSESSMENT (in-flight)
• Real-Time Risk Assessment (RTRA)

INFRASTRUCTURE HEALTH 
& SAFETY SYSTEMS
• NavQ CAPS
• NavQ GAPS
• Radio Frequency Interference 

(RF/RFE/RFI)

GROUND CONTROL STATION (GCS) OPERATOR 
DISPLAY AND INTERACTION SUPPORT
• SDSP Consolidation Dashboard (SDSP-CD
• Human Autonomy Teaming Interface System (HATIS)
• Operation Planning Tool (OPT)

INTEGRATED SAFETY RISK ASSESSMENT (pre-flight) (in-flight)

GROUND CONTROL STATION (GCS) SAFETY 
SYSTEMS
• Off-line anomaly detector (MMS, IMS)

MITIGATION CAPABILITIES ENABLED: 
• Adjust airspace usage and/or constraints
• Select and execute contingency (automated)
• Select and execute contingency (supervised)
• System resiliency & graceful degradation 

(backup system support/procedure)
• Inform Design Changes (System, procedure, 

training)

Post-Flight Data Analytics
• Multi-risk Safety Prognostics
• Natural Language Processing (data fusion)
• Systemic Anomaly Detection

System-Wide Safety 
IASMS Capabilities
TC-2 Deliverable: Initial IASMS Test Architecture



Prognostic Horizon
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– Model underlying physics of a 
component/subsystem

– Model physics of damage 
propagation mechanisms

– Determine criteria for End-of-Life 
threshold

– Develop algorithms to propagate 
damage into future

– Deal with uncertainty



Machine-Learning underlying physics 
parameters

Understanding and Learning underlying  
Physics  for Complex Systems

Advanced Composites

Tiltrotor Test Rig 



Diagnostics
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Computing conditional probabilities given sensor-based fault detection



Prognostics
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Physics-informed RNN

PINN’s Architecture
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*MLP – Multi layer Perception 
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Data Repository – Open Source
https://ti.arc.nasa.gov/tech/dash/groups/pcoe/prognostic-data-repository/
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