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APPLIANCE OF AREA UNDER AIR TRAFFIC CONTROLLER ESTIMATE 
FUNCTION FOR MAIN DECISION TAKING DOMINANT DETERMINATION 

 
Main factor of ICAO flight safety concept “aviation personnel attitude to safe actions and conditions” along 
with human factor influence on flight safety are indicators of tight interconnection of ICAO flight safety con-
cept components. Such attitude concerning air traffic controllers is determined with help of closed decision 
taking tasks and estimate usefulness functions construction and research. So called “risk premium” base on 
single key point here is main instrument to find decision taking dominant that defines air traffic controller atti-
tude to flight level norms violation (tending, indifferent, non-tending to risk). Improved criterion based on ar-
eas under usefulness function is proposed. It was found that new criterion has higher precision comparing to 
classic one. 
 
Keywords: air traffic controllers attitude to flight norms violations, closed decision taking task, estimate use-
fulness function characteristic points, risk premium, efficiency of main decision taking dominant determina-
tion. 

 
Introduction 

 
Research of usefulness estimation functions (UES) 

shows their applicability for air traffic controllers 
(ATCs) attitude determination concerning risk circum-
stances in decision taking process. This will help in both 
decrease of hazards number for flight safety (FS) and 
ICAO tolerability matrix decision with involvements of 
real tangible and clear parameters of professional activ-
ity. Improvement of different risks types classification 
and separation is expected as well along with increased 
data accumulation efficiency and ICAO “software” 
components upgrade in decision making support sys-
tems. 

ATCs professional experience taken into account 
leads to quantitative analysis of actual human factor 
(HF) based risk and allows to estimate efforts directed 
on risk management in parallel with ATCs risk attitude 
examination. Since ATCs work may be presented as 
continuous chain of decision, found and implemented in 
risky conditions, proactive and advance ATCs risk atti-
tude determination is extremely urgent. All mentioned 
above allows to combine formal decision taking task 
(DTT) in risk conditions. 

General disadvantage of most researches about HF 
influence upon FS is their retroactive or statistically 
based approach to risk estimation, management and 
control. Applying proactive strategy of HF inclusion 
here responds to the risk managements quality increase. 

 
Previous researches analysis 

 
Taking into account UES that allows to find ATCs 

risk attitude proactively is one of conditions for creating 
aircraft model in air-navigation systems. UES construc-
tion commonly is connected with economical topics and 
was firstly adapted for HF research in civil aviation in 
paper [1]. Further development of proposed methods 
and models were made in [2-9]. 

It is important to note that consequences analysis 
is important part of decision making in management and 
control systems. It is based on certain subjective useful-
ness value assigned to every possible outcome of differ-
ent taken solutions. This value corresponds to UES. 
Usefulness is key meaning of rational solutions theory 
and in psychology [10-14]. It plays great role in deci-
sion taking processes. Besides usefulness of any profes-
sional activity characteristic depends on aviation opera-
tor state, particularly on its goals structure as ATCs [15-
18]. 

There exists well known solution of closed DTT 
that uses three key points. Such solution allows to find 
ATCs risk attitude (tending, indifferent, not tending) 
which defines main decision taking dominant (MDTD) 
[19]. This information is very important because it al-
lows to foresee ATCs behavior and preventively correct 
its actions.  

Unfortunately in some cases investigated behavior 
wasn’t of predicted type according to researches. Main 
cause for this is lack of key points used for risk attitude 
description and analysis [20-28]. For ATCs all re-
searches took into account normative distances between 
aircrafts in different flight circumstances. For these 
conditions two boarder key points 0S  and 1S  had use-
fulness of 0 and 1 correspondingly. They were place for 
distances between aircrafts in 0 km. and full flight level 

 O. M. Reva, S. P. Borsuk 
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Chances             50%                  50% 
 
Lottery equivalent 

S0,5 

Chances            50%                  50% 
 
Lottery equivalent S0,75 

          50%                  50%             Chances 
 

Lottery 
equivalent    S0,25 

б) 

в) 

  0                        S1 

  0                      S0,5 

S0,5                      S1 

   а) 

norm distance. Third standard middle point had 0,5S  
usefulness of 0,5 and its corresponding distance said to 
be half of flight level norm distance. Mentioned method 
that use so called risk premium may be defined as fol-
lowing: 

0,5

0 not tending to risk,
RP S S 0 tending to risk,

0 imdifferent to risk.

 


    

 

 

Where S  is calculated middle key point value, found 
from respondent polling: 

 0 1 0 1S 0,5 S 0,5 S 0,5 S S       . 

It should be mentioned that single key point 0,5S  
is used at described method of MDTD which corre-
sponds to lottery equivalent with usefulness of 0,5. This 
means that operator opinions are ignored at intermediate 
points of taken continuum regardless of its size. 

 
Problem statement 

 
To improve MDTD by additional key points and 

compare results with basic approach. 
 

Research results 
 
Classical approach for ATC risk attitude determi-

nation by UES with help of three key-points is based on 
“parameter-usefulness” plane. Two points are S=0 і 
S=SНЕПС for flight level norm with usefulness 

 

   
   

0 UF 0

1 1 UF 1

u S S 0 f S 0,

u S S S f S 1.

    

    

 

 
Third key point parameter 0,5S  is found from 

ATC polling by lottery method (fig. 1). Same method 
will be applied to find two more intermediate point be-
tween central and boarder points. These points are S0,25 
аnd S0,75 and they are obtained as following. 

Integrative ATC attitude to risk is found in follow-
ing way. For rising UES tendency of ATC to risk is wit-
nessed by graph curvature to top. In other words area 
above the graph is less than area below the graph. Non-
tendency to risk is witnessed by vice versa proportion. 
Equal areas above and below the line means that ATC is 
indifferent to risk (fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Lottery for ATC flight level norms risk attitude key points determination  
 
Really, figure (fig. 2.a) contains two triangles 

S0DE=S0S1E which areas are defined as: 

 0 0 1S DE S S E 1 UF 1 1
1 1S S S f S S
2 2     . 

It is clear that hypotenuse of those triangles is 
S0DES1 rectangle diagonal and it defines linear useful-
ness of flight level norm for current ATC, i.e. its risk 
indifference. 

On the other hand line on figure (2.b) also witness 
about risk indifference in case of three key points analy-
sis. But it is obvious that using five key points analysis 
witnesses about S0АВСES1 area being less than S0S1E 
area 

0 1 0 1S АВСES S SES S . This leads to change in analy-

sis results and their correction. In general case 
S0АВСES1 area can be found from well known formu-
las for geometrical shapes. 
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Fig. 2.  Areas for ATC attitude close to the line received by lottery method for: 
а – risk indifference; b – certain risk attitude 

 

 
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 

0 0,25 0,25 0,5 0,5 0,75 0,75 10 1 S S S S S S S S

0,25 UF 0,25 0,5 0,25 UF 0,25 UF 0,5

0,75 0,5 UF 0,5 UF 0,75 1 0,75 UF 0,75 UF 1

0

A AB

,25 0,5 5

BC C

0,2

EAr S S S S S S

1 S f S S S f S f S
2

 S S f S f S S S f S f S

1 1 3 5 S

ABCE

S S
2 4 4 4

    

       

               

       

     

 

0,75 0,5 1 0,75

0,25 0,5 0,25 0,75 0,5 1 0,75

1 0,25 0,5 0,75

7S S S S
4

1 S 3 S S 5 S S 7 S S
8
1 7S 2 S S S .
8

 
    

  

          

      

 

 
Thus risk premium will be: 

 1 1 0,25 0,5 0,75
1RP S 7 S 2 S S S
4

0 tendent to risk,
0 non tendent to risk,
0 indifferent to risk.

           

 


   

 

 

For real polling results analysis polling of 132 
ATC students was used. For example answer of respon-
dent #1 had following parameters:  

0 0,25 0,5

0,75 1

S 0, S 9 km., S 12 km.,

S 19 km., S 20 km.

   
 
   

 

According to classical approach: 

 1 0,5HP S S 0,5 0 20 12 2 0        . 
Thus current results shows that respondent tends to 

risk. To thech this result new method is applied as fol-
lowing: 

 

 

1 1 0,25 0,5 0,75
1HP S 7 S 2 S S S
4

1  20 7 20 2 9 12 19 5 0.
4

           

           

 

This result improves initial one because of greater 
number of key points and capability of tendency to be 
determined wrong that was shown earlier in the paper. 

 
Conclusions 

 
New method for main decision taking dominants 

determination that is based on risk premium for five key 
points of estimate usefulness function was proposed and 
successfully tested. 

This method allows to verify, improve and in case 
of necessity correct initial results that leads to further 
improvement of human factor parameters analysis. This 
in its turn cause improvements of human factor parame-
ters use that is very important for air traffic control area. 

Further researches should be help in direction of: 
- spreading proposed method into all variety of 

flight norms recommended by ICAO; 
- implementing of received results into ATC edu-

cational process; 
- development of intellectual solution taking sup-

port module for ATC. 
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ПРИСТОСОВНІСТЬ ПЛОЩІ ПІД ОЦІНОЧНОЮ ФУНКЦІЮ АВІАЦІЙНОГО ДИСПЕТЧЕРА  
ДЛЯ ВИЯВЛЕННЯ ОСНОВНОЇ ДОМІНАНТИ ПРИЙНЯТТЯ РІШЕНЬ  

O. M. Рева, С. П. Борсук 
Основний фактор концепції льотної безпеки ICAO «відношення авіаційного персоналу до безпечних 

дій та умов» поряд із людським чинником який впливає на безпеку польотів є показниками жорсткого 
зв’язку між компонентами концепцій льотної безпеки ICAO. Це відношення у випадку диспетчерів керуван-
ня повітряним рухом визначається завдяки вирішенню закритої задачі прийняття рішення та побудові й дос-
лідженню оціночних функцій корисності. Так звана «надбавка за ризик» що базується на єдиній ключовій 
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точці є основним інструментом для знаходження основної домінанти прийняття рішень, яка визначає від-
ношення диспетчерів керування повітряним рухом до порушення норм льотної експлуатації (схильність, 
байдужість, несхильність до ризику). Запропоновано розвиток критерію базуючись на площах під функцією 
корисності. З’ясовано, що точність нового критерію вища за класичний. 

Ключові слова: відношення диспетчерів повітряного простору до норм ешелонування повітряного 
простору, закрита задача прийняття рішень, ключові точки оціночної функції корисності, надбавка за ризик, 
ефективність знаходження основної домінанти прийняття рішень. 

 
 

ПРИСПОСОБЛЕННОСТЬ ПЛОЩАДИ ПОД ОЦЕНОЧНОЙ ФУНКЦИЕЙ  
АВИАЦИОННОГО ДИСПЕТЧЕРА ДЛЯ ВЫЯВЛЕНИЯ  
ОСНОВНОЙ ДОМИНАНТЫ ПРИНЯТИЯ РЕШЕНИЙ  

А. Н. Рева, С. П. Борсук 
Основной фактор концепции лётной безопасности ICAO «отношение авиационного персонала к безо-

пасным действиям и условиям» наряду с человеческим фактором который влияет на безопасность полётов 
является показателями жёсткой связи между компонентами концепций лётной безопасности ICAO. Это от-
ношение в случае диспетчеров управления воздушным движением определяется благодаря решению закры-
той задачи принятия решений и построении и исследованию оценочных функций полезности. Так называе-
мая «надбавка за риск» основанная на единственной ключевой точке является основным инструментом для 
нахождения базовой доминанты принятия решений, которая определяет отношение диспетчеров управления 
воздушным движением к нарушению норм лётной эксплуатации (склонность, равнодушие, несклонность к 
риску). Предложено развитие критерия основываясь на площадях под функцией полезности. определено, 
что точность нового критерия выше классического. 

Ключевые слова: отношение диспетчеров воздушного пространства к нормам эшелонирования воз-
душного пространства, закрытая задача принятия решений, ключевые точки оценочной функции полезно-
сти, надбавка за риск, эффективность нахождения основной доминанты принятия решений. 
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