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Research Formulation 

 Classic techniques + modern techniques = new analytical potential.  

Problem Flight safety performance of an aircraft/project in complex (multi-factor) 
situations. 

Goal Develop and demonstrate a technique for predicting aircraft flight 
safety performance in complex situational domains.  

Tasks 

Theory advancement. Development of implementation technique. 
Design of flight M&S experiments. Running simulations. Documenting, 
processing and analysis of results. Development of recommendations 
on technique application in aircraft design and T&E.  

Methods 
& Tools 

Experimental and computational aerodynamics of aircraft, aircraft flight 
dynamics, situational control, numeric techniques, simulation 
experiment, artificial intelligence, graph theory, tree data structures, 
computer graphics, Fortran, VATES (v.7) proprietary software tool, PC 
Pentium-IV, MS Windows, MS Office, Pfe and MAGE freeware, etc. 

Solution 
Approach  

‘Knowledge is Power’. Virtualization of future flight operation under 
complex conditions through system modeling and simulation. System 
model is knowledge generator of complex flight situation domains. 

Classic techniques 

Modern techniques  

Legend: 
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Legend:  Ei  - flight event; Пj – flight process; Cm – fuzzy constraint;  - system reference state;  - system branching 

state (‘bud’);  - system target state (‘leaf’);  - system source state (‘root’);  B-1 – parent branch; B0 – main branch or 

‘trunk’ (baseline scenario); Bn – nth-order derivative branch (scenario with n operational factors involved, n=1, 2, …).  
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12   

Virtual 

‘test-

bed’ 

Flight Safety Performance Virtual T&E Cycle 

 aircraft  

model 

test rig 

1 Wind tunnel (*) 

6  Flight situation content 

requirements: АП/FAR/JAR, 

compliance testing methods, or 

flight test programs, or Pilot’s 

Manual, or flight test/ accident 

records  

8  Autonomous situational model of 

‘operator (pilot, automaton) – aircraft – 

operational environment’ system (VATES) 

dt 
= f (x,u,w,t) 

dx 

9  Aerodynamicist, 

dynamicist  

11 Operational hypothesis 

for testing (‘what …, if …?’) 

- situational tree genotype 

10   

Computer 

Flight 

situation  

scenario 

А 
Aircraft model  

‘parametric 

definition’ 

B 7  Library of flight situation 

scenarios for virtual testing 

and evaluation 

2  Experimental data 

measurement and processing 

system 

3  Output test 

data files (‘6Cs’) 

4  Computational aerodynamics 

(‘virtual wind tunnel’), aircraft 

aerodynamics database formation tools 

15  ‘Portrait’ of aircraft’s flight safety 

performance (systematic forecast on the effect  

of aerodynamics, control and operational 

conditions upon flight dynamics and safety)  

Legend:            - direction of information flow processing; 1, …, 15  - flight safety T&E process components; (*) – courtesy of Dr. Nikolai Sohi;            

- feedback link;  A and B – model’s two main input data sets.  

13 

‘Flight’ 

 &size [n_columns] [n_rows]  

 &name time [var01] [var02] 

 &unit  s  [unit01] [unit02] 

 &format (f6.2, 20f10.4)  

 [time]  499.9999  236.1820    3.8520 

 [time]  499.9782  236.2703    3.8821 

 [time]  499.8870  236.3342    3.9107 

 ...  

14  Flight model’s output database 

(‘flights’, hypotheses, statistics, etc.) 

5  Aircraft flight model input 

database (aerodynamics, 

thrust, inertias, geometry, etc.) 
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Legend:   c, d – characteristic 

points of fuzzy set-constraint C 

carrier, C(x) – L.A. Zadeh 

membership function of fuzzy set. 

Safety Colors  

- green (‘norm’), G 

- yellow (‘attention’), A 

- black (‘catastrophe’), B 

- grey/white (‘uncertainty’), W 

- red (‘danger’), R 

Fuzzy Constraint 

Example  

‘red’ ‘green’ ‘yellow’ ‘black’ 

1 

0 
d=14o 

C() 

  

C: ‘ allowed angle of attack ’ 

с=11o 

Flight Safety Palette. Fuzzy Constraint 

 Operational constraints, especially under complex flight conditions, are not known precisely; 

they are inherently ‘fuzzy’. The notion of fuzzy constraint by L.A. Zadeh is employed for 

approximate measurement of the current level (i.e. at time instant t) of aircraft flight safety. In 

overall, 20 constraints are defined and monitored in this study.  

 Color is, perhaps, most 

natural and most effective 

medium for communicating 

safety-related information 

to/from a human expert or 

operator.   

Flight Safety 

Palette 
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(t)(t[t*;t
*])((xk(t))((xk(t)){W, G, A, R, B, …} 

 (W< G< A< R< B))((t) = max (xk(t)), k=1, …, p)  

 ((t)   = (t*) || (t*+) || (t*+2) || … || (t*))  

Integral Flight Safety Spectrum (IFSS) –  

Calculation Algorithm  

Partial and Integral Flight Safety Spectra  

- yellow (‘attention’), A 

- black (‘catastrophe’), B 

- gray/white (‘uncertainty’), W 

- red (‘danger’), R 

Flight Safety Palette 

- green (‘norm’), G 

Legend: k – partial safety spectrum for 

variable xk, k=1, …, p; p – total number of 

monitored constraints/variables, p=20.  – 

integral safety spectrum; t – flight time; i – 

safety color from safety palette, i{B 

(black), R (red), A (yellow), G (green),…}; 

< – ‘colder than’ operation for comparing 

two safety colors; max – operation of 

selecting the ‘hottest’ color at time instant t; 

|| - safety colors concatenation operation in 

; [t*; t
*] – examined flight time interval;  

– spectrum construction time increment.   

 After having measured current safety levels along time axis for all variables xk of the flight 

situation under study, a family of partial flight safety spectra k, k=1, …, p, and an integral flight 

safety spectrum  are obtained. Sources of flight situation data are: computer flight simulation, 

manned flight simulation, flight testing or flight operation.   

t, с 

M
o

n
it
o

re
d

 v
a

ri
a

b
le

s
/c

o
n

s
tr

a
in

ts
 

1 
2 

... 

20 

... 

k 

P
a

rt
ia

l 
fl
ig

h
t 
s
a

fe
ty

 s
p

e
c
tr

a
 

 IFSS 



© Copyright 2004 Ivan BURDUN 

7 

Flight Safety Categories 

 In order to measure safety performance of a flight situation in overall, a special ‘safety ruler’ 

consisting of five classification categories I, …, V is employed. Why five? – because experts 

cannot reliably recognize and use more than 5-10 gradations of a complex, difficult-to-formalize 

system-level property (e.g.: Cooper-Harper scale). ‘Light green’, RGB (192; 255; 0), and 

‘orange’, RGB (255; 192; 0), are interim colors used to denote Categories II-a and III.  
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Flight Safety ‘Topology’ 
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3 

6 3 

3 

2 

4 

2 

1 ‘Abyss’ (catastrophe) 

2 ‘Hill’ (danger)  

3 ‘Slope’ (reversible state 

    transitions) 

4 ‘Valley’ (standard safety, norm) 

5 ‘Lake’ (maximum safety, optimum) 

6 ‘Precipice’ (abrupt, irreversible 

    state transitions,‘chain reaction’)  

V 
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 1, 2,…, 6 - main 

object types of  flight 

safety ‘topology’:  

Transitions 6 must be  

known and prevented! 

Transitions 3 must be  

known and controlled! 

6 
3 
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Baseline Flight Scenarios  

 Baseline scenario Si  is a plan of some ‘central’ (any standard or non-standard) flight situation, 

which variations (derivative cases) are virtually tested in autonomous M&S experiments. The 

goal is to evaluate effects of selected key operational (and/or design) factors/hypotheses on 

flight safety. The sources of data for baseline scenarios are: airworthiness requirements (АП, 

FAR, JAR), flight test data/programs, ACs, Pilot’s Manuals, real flight data records, flight 

accidents/incidents statistics.  
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 Scenario is depicted as a directed graph. It defines logic and 

content of a flight situation. It is also clear to the pilot. Scenarios S1, 

…, S5 are structurally close. They can be easily modified. 

Joint Graph of Baseline Scenarios 

S
4 

E44: engine 
out speed  

44 

F1: left-hand 

engine failure … 
S

3 

S
5 

W1: crosswind -10 

m/s (right-to-left) 

S
1 T2: maintain 

commanded bank G & 

heading G angles 

E88: altitude 200 m 88 

T5: maintain 

commanded bank G 

& sideslip G angles 

T2: maintain commanded 

bank G and heading  

G angles  

E190: situation end 

190 

E5: pitch 8о 

5 

T3: maintain commanded 

flight path angle G1 (initial 

phase of climb)  

E3: VR achieved  

3 
P2: elevator –  

up for rotation  
… 

E12: flaps retracted  

12 

T4: maintain 

commanded flight 

path angle G2 (2
nd 

phase of climb) 

P5: maintain given 

indicator airspeed  

E6: altitude 10.7 m 

6 P3: wheels - up 
… 

E7: altitude 120 m 

7 P4: flaps - up 
… 

W2: ‘strong’ 

wind shear  

W1: crosswind 10 

m/s (left-to-right)  

S
2 

E44: engine out speed 
44 

- event 

F1: left-hand engine 

failure - process 

Legend: 

E1: situation start 

1 

P1: set engines #1,2 levers 

to takeoff rating  
… 

T1: maintain path in 

groundroll along runway’s 

centerline 
E55: in airborne 

55 
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Operational Factors Selected for Testing 

 Operational /design factors are modified or new events and/or processes, which - after 

having been added to a baseline scenario - can improve (or worsen) the aircraft safety 

performance. There are three groups of operational factors: ‘operator’, ‘aircraft’ and ‘external 

environment’. The sources of information on operational factors are national airworthiness 

requirements, FMEA, statistics on flight operations, accidents/incidents. 
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Design Field of Operational Hypotheses 

Г1 

Г2 

Г10 

Г3 

Г5 
Г6 

Г7 

Г8 

Г9 

Г11 

Г12 

Г13 

Г4 

G1  Ф7 

Commanded flight path 

angle during initial 

phase of climb 

G2  Ф8 

Commanded flight path 

angle during 2nd phase 

of climb 

kW  
Ф9    Intensity of windshear G  

Ф11 

Commanded bank angle 

Wyg  

Ф5 

Crosswind  

velocity 

HFL  Ф6 

Flaps-up start  

   altitude 

 
Ф4 

Wheels - runway surface  

adhesion factor 

VR  
Ф2 

Rotation 

airspeed 

LHE  Ф13 

Left-hand 

engine failure 

at VEF  

CGxФ1 

Longitudinal  

C.G. 

VEF  

Ф12 
‘Engine out’  

indicator airspeed  
kP  

Ф10 Engines power  

rating at takeoff  

e  

Ф3 

Elevator deflection for 

rotation 

Wyg  Ф5 
Cross wind  

velocity 
- operational 

factor 

independent  

dependent 

- link between 

factors in Г 

Г13 - operational hypothesis 

Legend:  Each operational factor alone is 

not critically dangerous. Much more 

important to learn in advance effects 

of their combinations on flight safety. 
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Plan & Statistics of Simulation Experiments 

Legend: i – code of baseline scenario Si, i=1, …, 5; k – code of operational hypothesis Гk, k=1, …, 13; N(Ф) – number of operational 

factors in Гk; n – size of ‘flight’ series k(F), k(F)={Fi1
, …, Fj, …, Fin

}, n=in-i1+1, j – ‘flight’ code; t – planned duration of ‘flight’ Fj, 

Fjk(F); |SiГk – ‘virtual flight test experience’ accumulated in tree SiГk; notation of coordinate axes corresponds to ISO 1151.  

 Composition of baseline scenario Si and operational hypothesis Гk results in a family of 

derivative (‘neighboring’) situations – a ‘situational tree’ SiГk. Construction of a ‘forest’ of such 

trees - based on FMEA, flight test/operation/ incidents/accidents data - and studying their safety 

‘topology’ is the goal of virtual flight T&E. 
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Situational Tree - S1Г11 Composition Example 

Legend: T130={F2101, …, F2230} – situational tree, Fk – ‘flight’; Bi - branch, BiFk, k=2551/2101, …, 2680/2230, i=1, …, N(T130), 

N(T130)=130 – number of branches in T130; Г(Ф7Ф211) – operational hypothesis implemented in T130, Г(Ф7Ф11)=(Ф7)(Ф11); Ф7 – 

operational factor ‘commanded flight path angle’, Ф7G1, (Ф7)={2о, 4о, …, 20о}; Ф11 – operational factor ‘commanded bank angle’, 

Ф11G1, (Ф11)={-45о, -37.5о, …, +45о}; t(Bi) – branch length measured in time units t, (i)(i=1, …, N(T130))(t(Bi)=60 s); (north, east, 

height)  (N, E, H) – Т130 diagram axes. 

Normal Takeoff. 
Variations/ Errors 
Of Selection Of 
Commanded  
Flight Path And 
Bank Angles  
During  
Initial Climb 

- yellow (‘attention’), A 

- black (‘catastrophe’), B 

- gray/white (‘uncertainty’), W 

- red (‘danger’), R 

Flight Safety Palette 

- green (‘norm’), G 
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Composition S1Г1 

Safety Chances  

Pie Chart  
0, 0%

66, 100%

Legend: in nj, j%   nj – number of ‘flights’ belonging to Cat. 

j, j% - percentage of ‘flights’ of Cat. j, j=I, …, V. 

Category j j, % 

I 100 

II-a 0 

II-b 0 

III 0 

IV 0 

V 0 

‘Flights’ in total - 66  100 

 All situations from Composition S1Г1 are therefore 

safe, i.e. they belong to Category I cluster. Note how 

location of events E3 and E7 on IFSS is changed due 

to situation (operational factors). 

Integral Flight Safety 
Spectra (IFSS) mP mF VR # e 

Flight situation code 

Tested operational 

factors  

time, s 

Normal Takeoff. Variations Of C.G. 
Location And VR Speed (With 

Correction Of Elevator  
Deflection In Rotation) 
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S1: Normal takeoff, steering commanded flight path and bank angles during 

initial climb 

Flight Safety Window (FSW) 

 This Flight Safety Window constructed for Composition S1Г1 situations has ‘trivial topology’ – 

one continuous green ‘valley’. That is, for given aircraft/project all examined combinations of 

longitudinal C.G. location and VR speed variations are acceptable by flight safety criteria (NB: 

provided that all other conditions of scenario S1 are fulfilled). 

 In FSW below, cell 1 located at ‘column 2 - row 3’ 

crossing is a color code of flight safety Category of one 

situation from Composition S1Г1. This situation is 

obtained by combining values 4 and 5 of operational 

factors 6 and 7 in scenario S1. 

1 

4 

5 

2 

6 

7 

S1Г1 Normal Takeoff. Variations Of C.G. Location And VR  

Speed (With Correction Of Elevator Deflection  
In Rotation) 

3 
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Normal Takeoff. Variations Of Crosswind Velocity And  

‘Wheels - Runway Surface’ Adhesion Factor   
 kWyg # IFSS 

k=10-1 

 Variants with strong crosswind of |15|…|20| m/s 

exhibit danger during groundroll up to event E3 (VR) 

- ref. next slide for FSW. These variants constitute 

45% of all tested flight situations from composition 

S2Г2. Remaining situations (55%) are safe - they 

belong to Categories I and II. Note how the location 

of events E3 and E7 in IFSS is changed due to the 

effect of (, Wyg) combinations. 

2; 3%

6; 10%

21; 33% 22; 35%

12; 19%

Safety Chances Pie Chart  
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FSW 

S2: Normal takeoff under cross-wind and specified conditions of runway surface, steering 

commanded flight path and bank angles during initial climb 

 Shown above is Flight Safety Window constructed for situational tree S2Г2. It contains one 

central green ‘valley’, two side red ‘hills’ and two connecting ‘slopes’: (1) a steep ‘slope’ – for dry 

and semi-wet runway, and (2) not steep ‘slope’ - for wet and water-covered runway. As the 

absolute value of cross-wind velocity increases, transitions from safe to dangerous states occur 

(1) sharply and (2) gradually, respectively. The shape and position of ‘crosswind velocity – 

adhesion factor’ constraints can be seen as well. 

S2Г2 
Normal Takeoff. Variations Of Crosswind Velocity And  

‘Wheels – Runway Surface’ Adhesion Factor   

2 2 

1 1 
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25, 72%

0, 0%

0, 0%

5, 14%

5, 14%

0, 0%

G1 # G2 HFL IFSS 

 14% of variants from situational tree 

S1Г3, which have commanded flight path 

angle (during initial phase of climb) more 

than 12o, exhibit danger. Note also how, for 

example, event E7: ‘altitude 120 m’ 

changes its location in IFSS due to G1. 

Safety Chances Pie Chart  

S1Г3 Normal Takeoff. Forward C.G. Location. Variations/  
Errors Of Selection Of Commanded Flight Path Angles 

(Initial And 2nd Phases Of Climb) And Flaps-up Start Altitude 
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FSW 

 For composition S1Г3, sharp transitions (1) from safe situations to unsafe ones are observed 

at commanded flight path angles G1/G2>12/10o for all values of HFL. Owing to high thrust-to-

weight ratio, errors in selection of flaps-up start altitude do not worsen the aircraft’s flight safety 

performance, provided (NB) that other conditions of scenario S1 are preserved. 

S1Г3 Normal Takeoff. Forward C.G. Location. Variations/  
Errors Of Selection of Commanded Flight Path Angles 

(Initial And 2nd Phases Of Climb) And Flaps-up Start Altitude 

S1: Normal takeoff, steering commanded flight path and bank angles during initial climb 
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7, 17%

0, 0%

18, 43%

8, 19%

8, 19%

1, 2%

S3Г5 Continued Takeoff. Left-hand Engine Out At VEF=150 
km/h. Variations/ Errors of Selection of Commanded 

Flight Path Angles During Initial And 2nd Phases 

G1 # G2 IFSS 

 If left-hand engine fails during ground-roll (at 

VEF=150 km/h) takeoff safety cannot be 

secured at commanded flight path angle 

G15o (during initial phase of climb). For 

examined domain of operational factors, share 

of safe situations is 36%. 

Safety Chances Pie Chart  
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 Left-hand engine failure during ground-roll decreases the limit of flight path angle admissible 

in initial climb to 2o…4o compared to G1=10o …12o in composition S1Г3. ‘Precipice’ type 

transitions (1) are observed at G2=0o. ‘Abyss’ type states are likely to occur at flight path angles 

G1>4o (initial climb) for any G2 (2
nd phase of climb). 

S3Г5 Continued Takeoff. Left-hand Engine Out At VEF=150 
km/h. Variations/ Errors of Selection of Commanded 

Flight Path Angles During Initial And 2nd Phases 

S3: Continued takeoff (left-hand engine out at given VEF), steering commanded flight path 

      and bank angles during initial climb  

FSW 
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S4Г6 Normal Takeoff. Variations Of Windshear Intensity  
And Errors of Selection of Flaps-up Start Altitude 

 In scenario S4 we have G1/G2=8o/8o. If ‘strong’ or worse windshear is expected (kW1) 

takeoff is prohibited. In order to evaluate possibility of safe outcomes at kW<1 it is expedient to 

expand Flight Safety Window downward. If windshear intensity increases from ‘very strong’ 

(kW>1.4) to ‘hurricane’ (kW=2), ‘precipice’ type transitions (1) are most likely to occur at flaps-up 

start altitude HFL[60; 70] м. If aircraft unintentionally enters a zone of ‘very strong’ windshear 

(kW=1.2 …1.6) flaps must be retracted as late as possible to stay within ‘orange’ zone (2).   

S4: Normal takeoff under windshear conditions, steering commanded flight path and bank angles 

during initial climb  

FSW 

2 
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S4Г7 Normal Takeoff. Forward C.G. Location. Variations  
Of Windshear Intensity And Commanded Flight Path 

Angles (During Initial And 2nd Phases) 

 For composition S4Г7 main objects of safety ‘topology’ are: small green ‘valley’ (at left lower 

corner), orange ‘slope’, extensive red ‘hill’ adjacent to black ‘abyss’ (at right upper corner). At 

takeoff under ‘strong’ and ‘very strong’ windshear conditions (1<kW1.6): maximum safety is 

achieved at G1/G2=5o/3o; it is prohibited to climb at G1/G2>7o/5o; irreversible transitions are 

likely at G112o.  

S4: Normal takeoff under windshear conditions, steering commanded flight path and bank 

angles during initial climb  

FSW 
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S5Г10 Continued Takeoff. Left-hand Engine Out At VEF. 
Variations Of Left-hand Engine Out Speed And  

Crosswind Velocity 

 This Flight Safety Window has central green ‘valley’ and two side red ‘hills’. Adjacent to left 

‘hill’ is a potentially catastrophic ‘abyss’ located at lower left corner. It is created at small and 

medium values of VEF and is linked to ‘valley’ by ‘precipice’ type transitions. Small ‘abyss’ is also 

revealed at crosswind velocity of ~18 m/s and VEF[175; 190] km/h. 

Г10 = Ф13Ф12Ф4  LHEVEFWyg 

S5: Continued takeoff (left-hand engine out at VEF), under cross-wind conditions, steering  

     commanded flight path and bank angles during initial climb  

FSW 
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Graphic Implementation Options Of Flight 
Safety Window (S5Г10 Example) 

1 

2 

3 

1 

2 

3 

VATES v.7 output (six-color Safety Palette) 

Mosaic (four-color) Safety Palette 

Option 1 after special filtering   

Legend: 

 Option 1 adequately maps complex 

safety ‘topology’. It is quite sufficient for 

manual/ automatic decision making in flight 

for flight safety protection. 

  
 Option 2 does not meet ergonomic 

criteria for optimal pilot-vehicle interface. 

 

 Option 3 would be close to an ideal 

onboard solution.  However, it can only be 

used if sufficient computer resources are 

available. 
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S1Г11 Normal Takeoff. Variations/ Errors In Selection Of 
Commanded Flight Path And Bank Angles  

(During Initial Phase Of Climb) 

Г11 =Ф7Ф11  G1G

 This Flight Safety Window has a potentially dangerous ‘corner’ corresponding to (G1, G)  

(12o…14o, -30o…-37.5o). Sharp transition (1) of states from safe (‘green’) to dangerous (‘red’) 

zone is possible (Cat. IIV), bypassing interim zones (Cat. II, III). Flight at such ‘corners’ 

requires enhanced attention and accurate piloting from pilot. 

S1: Normal takeoff, steering commanded flight path and bank angles during initial climb 

FSW 
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7, 5%

10, 8%

26, 20%

20, 15%

57, 44%

10, 8%

S4Г13 Normal Takeoff. ‘Very’ Strong Windshear. Variations 
/Errors Of Selection Of Commanded Flight Path 

And Bank Angles in Climb 

G1 # G IFSS G1 # G IFSS 

 ‘Very strong’ wind-

shear may worsen flight 

safety ‘topology’ of 

takeoff catastrophically 

at small values of 

commanded flight path 

angle G14o. 

Safety Chances 

Pie Chart  
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 Flight safety ‘topology’ obtained for ‘very strong’ windshear conditions at small G1 and any G 

contains a stable catastrophic ‘abyss’ (black strip in the bottom) and ‘‘precipice’ type transitions 

(1). That is, an attempt of initial climb at small values of commanded flight path angle (2o…4o) 

inevitably leads the vehicle to a fatal outcome. 

FSW 

S4Г13 Normal Takeoff. ‘Very’ Strong Windshear. Variations 
/Errors Of Selection Of Commanded Flight Path 

And Bank Angles in Climb 

Г13 = Ф9Ф7Ф11  kWG1G (kW=1.5) 

S4: Normal takeoff under windshear conditions, steering commanded flight path and bank angles 

during initial climb  
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 The developed safety 

‘topology’ maps, including Flight 

Safety Window, Safety Chances 

Pie Chart and other formats, can 

be used in flight operations. The 

goal is to monitor complex 

operational constraints and 

dynamically adapt piloting tactics 

under multi-factor conditions in 

real time, provided that there 

exist onboard technical means to 

measure operational factors in 

real time.  

Principles of Real-Time Application – 1  

Normal Takeoff. 
Variations of Wind-
shear Intensity, Errors/ 
Variations Of Selection 
Of Commanded Flight 
Path And Bank Angles 
in Initial Climb 

Optimal modes 5 - 

maximum safety – ref. Slide #8 

t = t1 

(‘strong’  

windshear) 

t = t2  

(‘very strong’ 

windshear) 

t = t0 

(‘benign  

weather’) 
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Cruise Flight  

Adverse 

Weather 

Conditions 

Performance Windows  

Within Normal Flight 

Envelope  

Descent 

Landing Approach 

Landing 

Extreme Flight Conditions At or  

Beyond Normal Flight Envelope 

X 

Failed Engine 

Harsh 

Electromagnetic 

Environment 

X 

Stuck 

Aileron 

Legend: flight path types: optimal (1), safe/  

recovery (2), dangerous (3), catastrophic (4); t 

– relative time of forecast, t[t0; t+] (t=0 – 

current flight time);  - depth of forecast; FSD 

– Flight Situation Display [8]; STN - situational 

tree-network; examples of situational tree’s 

branches: ‘stuck aileron’ (B1); ‘critical engine 

failed’ (B2); ‘adverse weather conditions’: 

‘windshear’ (B3), ‘heavy rain’ (B4); (*) – 

conceptual layout. 

Implementation Techniques 

Flight Safety 

Window  

0 
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STN 
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B4 

B2 

B3 

t 
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1 

t0 

t0+ 

V IV III II-b II-a I 
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Principles of Real-Time Application – 2  
NASA ‘Performance Window’ Concept 

 The developed safety ‘topology’ maps (FSW, FSD) are feasible and 

affordable implementation techniques of NASA Performance Window concept.  
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Conclusion - 1 

1. A new methodology for testing and evaluation of an aircraft’s flight safety performance 

under complex conditions has been developed, based on design and flight simulation 

data. 

3. A technique for the derivation and mapping of aircraft piloting recommendations and 

operational constraints in multi-factor situations is demonstrated. New principles of pilot 

training, based on the formation of system-level model-based knowledge of safety 

‘topology’ of a complex flight situation domain, are formulated. Recommendations on 

aircraft piloting and operational complexity limits at takeoff are proposed. Principles of 

onboard application of the developed approach for flight safety enhancement/ protection 

in emergencies are demonstrated.  

2. A set of two-, three-, and four-factor takeoff situation scenarios that incorporate pilot’s 

errors, onboard systems failures and adverse weather conditions has been examined.  A 

family of flight safety ‘topology’ maps has been constructed and analyzed for a number 

of takeoff operational hypotheses. Several characteristic topological objects that can 

either accelerate or slow down the development of safe or catastrophic outcomes of 

flight situations under complex conditions have been identified.  
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4. The developed methodology is sensitive to variations of main operational and 

design factors. Flight Safety Window and other knowledge maps facilitate automated, 

a ‘bird’s eye’s view’ type analysis of an aircraft’s safety performance for a broad 

domain of complex (multi-factor) flight situations.  

6. The developed methodology is expedient to apply for studying the following 

problem classes: 

 advanced assessment of combined effects of aerodynamics, control and operational 

  factors on aircraft dynamics and safety performance in design 

 knowledge-centered training of line pilots, test pilots and pilot instructors 

 development of terrorist-/ fool-proof ‘built-in-safety’ systems 

 research into AI based recovery flight control in emergencies (LOC, CFIT, etc.). 

5. The VATES tool is an efficient and affordable source of predictive information on an 

aircraft’s safety performance under complex operational conditions beginning from 

early design phases. It takes into account both physics and logics of a given flight 

situation scenario and its probable/ possible variations (‘what-if neighborhood’).  

Conclusion - 2 
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Questions? 


