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 Proactive risk assessment of flight operations 
 Example: approach & landing risk 

An expert system incorporates fuzzy theory 
 

Approach
&Landing 

Experience 
Training 
Fatigue 
Weather 

: 





Senior Management 
Strategic Planning 

Safety Department 
Safety Analysis 
Trend Analysis 
Safety Policy Formulation 

Dispatchers/Crews 
Flight risk awareness 
Mitigative actions 



 Senior Management 
 Risk due to inadequate crew rest policy? 
 Risk due to insufficient flight crews? 

 Safety Department 
 Which risk factor is more critical? 
 Why has risk increased for sector SFO-JFK? 

Dispatchers 
 How will risk index change after a crew 

substitution? 

 Flight Crews 
 Risk assessment for Flight 101? 



 
 
 
 

Background of FORAS 

Methodology 

Implementation 

Ongoing development 

Demonstration 



 Initiated by Flight Safety Foundation ICARUS 
Committee in 1997 
 

 Contributors 
 Dr. Michael Hadjimichael and colleagues, Naval 

Research Laboratory 

 First implementation at EVA Airways 
 Presented at the 60th IASS in 2007 
 Relevant information 
 http://www.nrlmry.navy.mil/foras/ 
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Revision of risk models 

A new system architecture 

A GUI for risk modeling  

Flexible parameters setting 

Online analysis functions 

Critical risk factors identification 



Backend System 
 

GUI for risk modeling 
 

System parameters 
setting 

 
Inference engine 

 
Model testing 

 
 

 
Frontend System 

 
FORAS portal 

 
Query function 

 
Risk report 

 
Risk analysis 

 
CRFs identification 

 
 

Central 
Database 



B. Relation described by rules: 
If T1 is low and T2 is low, then C2 is 1 
If T1 is low and T2 is high, then C2 is 4 

: 

A. Risk break-down 
to a tree 
structure 

C.  Quantification 
by membership 
functions  

Group 
Decision 
Making 
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Publish 

Tree Construction 

Node Parameters 
Setting 

MFs 

Rule Table 

Model  
Testing 

Fuzzy Inference  
Engine 

Testing  
Date 

Central 
Database 



 



 







 

FORAS portal 

Interruption 
report 

Real-time risk 
report 

Detailed 
report 

Trend analysis CRFs 
identification 

Trial run Changes 
suggestion 

Drill-down 
analysis 

Administrator 
functions 





 



 



 To identify the risk factors that contribute to 
the risk value the most 

 Idea 
 Those risk factors having greater marginal effects 

than the others are considered more critical 









ALRV

C1: crew 
functionality

S1: sector 
threat

A1: aircraft 
functionality

T1: 
experience 

pairing

T2: English 
profeciency

C2: inter-crew 
communication

T3: pilot 
experience

T6: ATC 
control

T7: runway 
condition

T5: MEL 
items

C2: T2 
low high 

T1 low 1 4 
high 6 10 

Pilots 

Maintenance 
Engineers 

Dispatchers 

Safety Div. 



 8007 flights were assessed between 
2011/08/11 ~ 2011/10/25 
 

 FORAS reports 



Flight 001 
Crew : 
Low risk value on 
fatigue, experience 
pairing, airport 
familiarization etc. 
A/C :  
No MEL item. 
Sector :  
Good visibility, 
precision APP & no 
terrain. 
ALRV: 2.77 

 



Flight 002 
Crew : 
Low risk value on 
crew pairing & 
experience, new 
airport to crew. 
A/C :  
No MEL item. 
Sector :  
Low visibility with 
VOR approach. 
ALRV: 3.02 

 



Flight 003 
Crew : 
Medium risk value 
on fatigue and 
crew experience, 
etc. 
A/C :  
One MEL item. 
Sector :  
Low visibility with 
VOR approach and 
A/P surrounding 
with terrain. 
ALRV: 3.59 

 





Approach and Landing Risk Model 
 53 base variables (risk factors), 39 rule sets (each 

rule set contains 4~27 rules) 

Departure Risk Model 
 39 base variables, 30 rule sets 

A FORAS computer system that enables users 
to easily build any risk assessment model 

 Real-time flight risk assessment report and 
online analysis 

 



Analytic approaches for model validation 
 

 Systematic approaches for group decision 
making process 
 

 FORAS in a cloud computing architecture 



Internet 

Local 
Database 

FORAS inference  
engine 

FORAS CRFs  
identification  

engine 

FORAS 
Models 
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