
Research and Advanced Technology

National Transportation Safety Board

Relevance of CPS R&D to NTSB Issues 
for Advancing Transportation Safety

Alan S. Kushner
Chief Technical Advisor
Research and Advanced Technology
National Transportation Safety Board

Presented at the Workshop on New Research 
Directions for High Confidence Transportation 
CPS: Automotive, Aviation, and Rail

November 18, 2008



NTSB
• Independent Agency - Reports to Congress & 

President
• Small Agency - 400 employees, 5 Board Members 

Appointed by President and Approved by Senate.  
Only Chairman has Administrative Responsibilities

• Investigates Aviation, Rail, Highway, Marine and 
Pipeline/Hazmat Accidents- Determines Probable 
Cause 

• Issues Safety Recommendations
• Provides for Victims’ Families Support
• Adjudicates Appeals by Airmen & Mariners on 

USDOT License Actions
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Key Issues in Assessing Probable 
Cause of Accidents

• Initiation Mechanism – Failure is a Process

• Pre versus Post Crash Damage and Failure

• Loadings – Expected or Unexpected

• Pre-Crash Condition of Structure and Systems

• Actions of Operator and Control/Propulsion Systems
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Total Safety Requires an Approach 
that Fully Couples All Stages
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MOST TRANSPORTATION 
ACCIDENTS ARE CAUSED BY 

MAINTENANCE AND INSPECTION 
ERRORS OR OPERATOR ERROR

But Commercial Transport Aircraft, Automobiles, Trucks 
and Other Vehicles are Designed to be Safe within a Defined 
Operational Envelope

Structural/System Operational Characteristics 
and Failure Mechanisms OUTSIDE of this 
ENVELOPE are Typically NOT WELL 
UNDERSTOOD
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Research Challenge: What Enhances Safety?

Accidents and Failures are Processes:  We do not need to 
prevent them to enhance safety. Example from automotive 
safety development

•Electronic Stability Control helps to 
prevent accidents or reduce their severity

•Airbags help to prevent injuries during 
last stage of accidents

Taken together they deal with the first and last stage of an 
automotive accident process – CAN WE FILL IN 
THE SPECTRUM
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American Flight 587
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NTSB CONCERNS ON 
FLIGHT DATA RECORDERS

• Number of parameters and volume of data varies among aircraft
– Minimum of 22 to 2000+ parameters
– 25 to 100+ hours of data

• Parameters are sampled at different rates
– Altitude, Airspeed, Euler Angles = 1 sample per second
– Flight Control Surfaces = 2 samples per second
– Longitudinal, Lateral Load Factors = 4 samples per second
– Normal Load Factor = 8 samples per second

• Sample times are associated with the position of recorded data in the binary data 
structure

• New recorder architectures can introduce “latency” in some parameters 
(a time delay between sensor and recorder)
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Effect of Filtering and Sampling Rate 
on Recorded Rudder Position
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ISSUES & CHALLENGES IDENTIFIED FROM 
AMERICAN AIRLINES FLIGHT 587

Strategies for dealing with incomplete and uncertain 
data.  Techniques for fusion of data and simulations to 
determine “best” values for missing data - Do not 
know actual configuration of aircraft at assumed time 
of failure

• Because the failure occurred outside of the 
certificated safe flight regime, loads module is 
highly inaccurate - Do not have confidence in 
load prediction at assumed time of failure

Can Future Aircraft Simultaneously Fly in the 
Physical and Virtual Domains and Monitor 
Flight Data to Detect Dangerous Conditions
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