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Problem


�	 Current certification guidance gives no
insight in crediting the human in the loop
in a safety analysis. 

�	 If operator judgment and problem-solving
aren’t considered, the criticality of the box
becomes higher – and costlier – than 
necessary. 
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Background


Old Guidance … 

TITLE 14 CFR § 25.1309 Equipment, systems, and installations.

 (a) The equipment, systems, and installations whose functioning is required by this 
subchapter, must be designed to ensure that they perform their intended functions under 
any foreseeable operating condition. 

(b) The airplane systems and associated components, considered separately and in 
relation to other systems, must be designed so that— 

(1) The occurrence of any failure condition which would prevent the continued safe flight 
and landing of the airplane is extremely improbable, and 

(2) The occurrence of any other failure conditions which would reduce the capability of 
the airplane or the ability of the crew to cope with adverse operating conditions is 
improbable. 

(c) Warning information must be provided to alert the crew to unsafe system operating 
conditions, and to enable them to take appropriate corrective action. Systems, controls, 
and associated monitoring and warning means must be designed to minimize crew errors 
which could create additional hazards. 

(d) Compliance with the requirements of paragraph (b) of this section must be shown by 
analysis, and where necessary, by appropriate ground, flight, or simulator tests. The 
analysis must consider— 

(1) Possible modes of failure, including malfunctions and damage from external sources. 

(2) The probability of multiple failures and undetected failures. 

(3) The resulting effects on the airplane and occupants, considering the stage of flight and 
operating conditions, and 

(4) The crew warning cues, corrective action required, and the capability of detecting 
faults. 

… New Systems 
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Objective


�	 Develop methods appropriate for analyzing
complex machine-human systems 

�	 Help FAA produce guidance material for
applicants 

�	 Make new systems less costly to certify and
help them be fielded sooner to realize their
benefits 
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Activities

� Selected a lead example application: IMC


Approach Spacing using ADS-B/CDTI


�	 Conducting safety analysis with a variety of
methods: 
–	 Traditional Fault Tree and Event Tree 

–	 Cognitive Modeling of Flight Crew Tasks 

–	 Dynamic Simulation of Hazard Exposure Time 

� Determine effectiveness of methods 

� Illustrate hazards and mitigations in ATM Lab 
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Example Hazard Fault Tree from CDTI Application 
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Example Output from a Cognitive Model 
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Impacts


�	 Reap operational benefits without delay


–	 Enable new technologies and applications
to be fielded earlier and to be more 
affordable 

�	 Advance and streamline the certification 

process


–	 Manufacturers save time and cost, and 
become more willing to propose innovative
products that users can afford 
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Future Plans


Method 
l

l Guidance 
on 
Appropriate 
Methods 

Analyses 

ATM Lab Demo + 

Consensus 

Migrate 
to Other 
Projects 

Advantages Disadvantages 
Fau t Tree Shows all Events leading to 

a Hazard of interest. Shows 
Mitigations. 

Difficult to capture the 
range of human events, to 
credit human function 

Event Tree Shows Sequences of Actions 
and Fai ures, and their 
consequence 

Difficult to translate to a 
likelihood of top hazard 

Cognitive 
Modeling 

Predicts Cognitive 
Workload and helps Predict 
Error Susceptibility 

Results will need 
validation and consensus 

Dynamic 
Simulation 

Shows interaction of several 
asynchronous machine & 
human processes 

Modeling human 
functions needs validation 

Stakeholder 
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