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A Brief History of NASA Safety Research 
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1915-1958 NACA Era
Established the scientific and 

engineering foundations of 
aviation safety

1960s-1980s Jet & Systems Era 
Advances in flight controls, wake vortex and 
wind shear research, Human Factors, Crew 

Resource Management (CRM), Aviation 
Safety Reporting System (ASRS)

1990s-2010s Aviation Safety Program 
Design and operational safety and risk mitigation 

programs, decision-support tools, runway incursion 
prevention, synthetic vision, NASA Engineering and 

Safety Center (NESC), Commercial Aviation Safety Team 
(CAST)

2018-2025 System-Wide Safety 
Advanced, integrated, data-informed 

safety approaches, focusing on 
predictive risk identification, system-
level safety analysis and increasing 

automation

2010s-2018 Advanced Aviation 
Safety

Programs in vehicle health management, 
fault tolerant vehicle design, prediction of 

safety margins, data mining and prognostic 
safety indicators

2026+ Air Traffic 
Management and Safety

Predictive safety and advanced 
safety assurance methods for 

increasingly automated systems
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1915-1958 (NACA Era): wind tunnel testing, airfoil development, icing research, and high-altitude flight/pressurization studies 
1960s-1980s (Jet & Systems Era): advances in flight controls (including early fly-by-wire), wake vortex and wind shear research, HF, CRM, ASRS (50 years this April)
1990s-2010s (Aviation Safety Program): SVS, CAST, AQP, TEM, NESC established in 2003
2010s-2018 (Real-Time Safety Monitoring): Monitoring, assessment, & prediction of safety margins for defined safety metrics within the NAS. Predictive with uncertainty quantification and metric propagation into the future. 
Development of technologies to improve airplane state awareness (2010-2020)
Surface navigation for low visibility conditions (1993-2008)
SVS/EVS/TAWS addressing CFIT (1998-2015)
Runway incursion prevention (incl. detection and alerting functions) (1995-2010)




NASA Reorganization

Where is safety now?



Select Core Safety Expertise & Competencies

Verification, 
Validation & 
Assurance

Hazard Analysis & 
Safety 

Argumentation

Runtime 
Verification & 

Monitoring

Digital Modeling, 
Simulation & Risk 

Assessment 

Diagnostics, 
Prognostics & 
System Health 

Data-Driven Safety 
Intelligence 

Human 
Performance

Human-Automation 
Interaction

Human-in-the-Loop 
Simulation
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Verification, Validation & Assurance (V&V) 
Formal verification and validation methods for complex, adaptive, and ML-enabled systems
Requirements-based specification and testing for novel or non-deterministic systems
Static analysis and functional testing
Diagnostics, Prognostics & System Health 
Integrated system health monitoring
Fault detection, isolation, and recovery methods
Physics‑based & data‑driven prognostics for risk prediction and maintenance decision making
Data‑Driven Safety Intelligence 
ML‑based anomaly detection and risk identification
Scalable analytics for large datasets
Data fusion across operational, vehicle, and human performance data
Digital Modeling, Simulation & Risk Assessment 
High‑fidelity modeling of aircraft automation and ATM interactions
Risk modeling for nominal and off‑nominal scenarios
Prototype decision‑support tools
Human Performance & Human‑Automation Interaction 
Cognitive and physiological state measurement (fatigue, workload, attention)
Trust, transparency, and reliance in automation
Function allocation between humans and automation
Human‑in‑the‑Loop Simulation
High‑fidelity HITL environments
Evaluation of off-nominal, edge‑cases and contingencies
Integrated human and automation performance testing








NASA and AI/ML
• Safety of AI/ML

– Safety of AI/ML implementations in NASA 
Applications
o Aviation
o Space

• AI/ML for Safety
– Anomaly detection and precursor identification
– Other



NASA and Autonomy

Problem
• The inability to establish appropriate assurance for 

increasingly autonomous systems leaves us unable to 
effectively manage their risks and benefits.
– Drives cost of development uneconomically high
– Delays adoption of autonomy at scale in safety critical 

systems
– Results in unknown and unmanageable risks 

Goal
• Discover and define what constitutes sufficient 

evidence to substantiate a safety claim related to an 
increasingly autonomous system performing a safety-
critical function.

Autonomy will not see widespread adoption in safety-critical aviation systems until it is properly assured.

Elevators carry two billion passengers a day over hundreds 
of millions of vertical miles in over 200 nations.  
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