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Abstract—This paper deals with air navigation system operator reliability. The main goal is to determine 
the operator's reliability by the means of the chosen model. Peculiarities of reliability models were dis-
covered and the most appropriate one was chosen according to the requirements for restorable system. 
Method of diffusion nonmonotonic model calculation is preferred. This method can help solve problem of 
recovery operator efficiency after failure. 
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I.  INTRODUCTION 

Profession of operator of air navigation systems 
(ANS) has a high psychological, emotional and in-
tellectual orientation and belongs to the most stressful 
and emotionally saturated types of professional ac-
tivity. 

From ANS operator’s efficiency and his ability to 
carry out his work accurately and on time depend not 
only on the capacity of the air traffic control system, 
but also on flight safety in general [2]. 

The probability of successful performance of the 
task in a given operational stage of ergatic system can 
be used as a quantitative assessment of the ANS op-
erator reliability. During the synthesis of the require-
ments for an ANS operator the reference estimation of 
the reliability of his functionality is possible just in 
case if it is based on an adequate analytical model. 

This paper introduces the specifity of an air na-
vigation system, an ergatic one, and emphasiz-
es special functioning aspects of its operators' new 
definitions.  

Some terms of basic reliability theory [5] were 
developed in order to derive these definitions. 

II.  ANALYSIS OF RESEARCH 

Quantitative evaluation of the operator of air navi-
gation system reliability can be used as a probability of 
the successful performance of work or task, at a given 
system operating step, at a given time interval [5]. 

The air traffic control system is an ergatic control 
system, which includes both elements: technical 
equipment and operators that interact with the sys-
tem. 

Therefore, to obtain an objective assessment of 
reliability of air navigation system we should take 
into account not only the effect of the air navigation 
systems, technical equipment quality, but also results 

of operator of air navigation system activity, that 
depends on many factors [10].  

When we evaluate air navigation system reliabil-
ity, we can count only technical equipment failures, 
failures are not related to the operator activities. That 
means that the operators reliability defaults to the 
absolute when operator reliability R = 1.00.  

However, a significant amount of technical 
equipment failures of air navigation systems, which 
occur due to the operator fault, indicates a significant 
impact of operator on the reliability of air navigation 
systems. Proportion of failures due to the activities of 
the operator varies from 20 to 95 percent in the re-
porting documentation [3].   

Therefore, the reliability of operator of air navi-
gation systems is not absolute, and it should be taken 
into account in estimates of its characteristics. Oth-
erwise, the reliability evaluation of air navigation 
systems becomes too erroneous and exaggerated. 

Moreover, if the decrease of the level of technical 
equipment reliability is connected with the appearance 
of failures, then the estimated reliability of operator of 
air navigation system errors that occur in its activities. 
Error of operator of air navigation systems is an in-
correct performing or failure to perform the pre-
scribed action. [7] 

Error of operator of air navigation systems can 
occur in the following cases: 

1. Operator aims to achieve some incorrect goals 
(“substitution of the purpose”). 

2. An incorrect operator action that enables goal. 
3. Operator is idle when his participation is ne-

cessary. [5] 
Operator errors are due to the following main 

reasons:  
– unsatisfactory training or poor qualification of 

the operator;  
– unsatisfactory performance of operating pro-

cedures by the operator; 
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– poor working conditions, such as poor equip-
ment availability, tightness of workroom or excessive 
temperature in it; 

– lack of incentives for operators; 
– high information overload, leading to informa-

tion stress and information traps;  

– poor physical condition that affects the func-
tioning of operator of air navigation systems. 

The indicated error causes can be considered in-
dependent and classified by the following four types 
(Fig. 1) [9].

 
Fig. 1. Structure of operator of air navigation systems reliability

Based on that, the probability of structural er-
ror-free operation of operator of air navigation sys-
tems can be represented as: 

funcopprofstr RRRRR  inf  

where funcopprofstr RRRRR ,,,, inf  are probability of 
error-free operation of operator of air navigation sys-
tems: structural, professional, operational, informa-
tional, and functional, respectively [6].  

In serial systems (Fig. 2) failure of any component 
of the structure leads to failure of the whole system [2]. 
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Fig. 2. Serial connected elements 
In general, the probability of error-free operation 

of the system with the serial elements is: 
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where R is error-free operation; m is the number of 
serial elements in the system [1]. 

In a system with parallel structure (Fig.3), system 
failure generally occurs only at the failure of all 
elements. 

In general, the probability of error-free operation 
of the system with the parallel elements is: 
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where R is error-free operation; m is the number of 
parallel elements in the system. 
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Fig. 3. Parallel connected elements 

We can describe any complex structure, such as 
ANS operator using a combination of serial and pa-
rallel connected links. 

III.  RELIABILITY MODEL OF AIR NAVIGATION 
SYSTEM OPERATOR 

Air navigation systems operator as an element of 
ergatic system, operates in noisy environments and is 
eligible for a mistake, when performing functional 
responsibilities with subsequent restoration of his 
efficiency. Air navigation system operator’s error is 
incorrectly performed or a failure to perform the 
prescribed actions, that leads to an accident or to a 
situation that may cause an accident [5]. 

Exhaustive characteristic of any random variable, 
such as ANS operator’s error, including random du-
ration t of the error-free distribution function F(t), 
that can be also called distribution model of ANS 
operator failures or errors. It is associated with the 
probability of error Q(t) identity, which follows from 
the definition of the distribution function  
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( ) ( ).F t Q t                          (1) 

A model of an ANS operator’s error is the ma-
thematical model in the form of error distribution 
function or the probability of error occurrence of an 
ANS operator during the given interval of time [4]. 

( ) 1 ( );R t Q t    (2) 

0

( ) 1 ( ) 1 ( ) .
t

R t F t f t dt       (3) 

The error model described by a distribution func-
tion F(t) that is related to the function of error-free 
operation R(t), so called reliability model. The rela-
tion between R(t) and F(t) considering identity (1) 
can be determined by the ratio (2) from which the 
obvious dependency between the error-free work of 
the ANS operator and the model of errors can be seen 
[1]. 

Reliability model of the air navigation systems 
operator is the mathematical model that establishes a 
connection between the reliability parameters of the 
operator, the reliability characteristics of elements of 

the ANS structure and the parameters of the process 
of its operation [4].  

Hence, creation of reliability model, that provides 
a calculation of the error-free probability of the ANS 
operator R (t) as a function of an operating time, 
involves the determination of the analytical expres-
sion of the distribution density of the operating time 
with the error f (t). In this case, the type of the func-
tion f (t) determines the accuracy of calculation of 
certain quantitative indicators of reliability [8]. 

IV.  AIR NAVIGATION SYSTEMS OPRATOR’S 
RELIABILITY REQUIREMENTS 

However, not all error models used in reliability 
theory can be applied to ergatic systems because 
many of them have a range of disadvantages.  

Criteria to be complied with the different 
distribution models of operator error in the time 
interval due to the peculiarities of its functioning. In 
accordance with the requirements of regulations such 
criteria consider: physicality, adequacy, the ability to 
perform calculations of system reliability, versatility 
and practical applicability (Fig. 4).

 
Fig. 4. Requirements for air navigation systems operator reliability model 

The most important task that can be solved on the 
basis of the error model is the prediction of reliability 
of the air navigation system operator can be solved, 
evaluating its performance and the determination of 
the impact on fights safety. Therefore, a very impor-
tant feature of the distribution function, which is used 
as a model error should be considered as an oppor-
tunity to perform the calculation of reliability to be 
based on it. 

Calculation of error-free operation of the air navi-
gation system operator should take into account the  

fact that the ANS operator as an element of ergatic 
system, operates in noisy environments and is eligible 
for a mistake, when performing functional responsi-
bilities with subsequent restoration of his efficiency. 

The process of recovery of the ANS operator can 
be represented as an analytical model in the same way 
as working capacity and reliability of the system 
technical components are described. 

It is important to note that the calculation of the 
ANS operator’s error-free probability with respect to 
the necessary recovery may be performed if the 
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model of error distribution has the properties of 
convolution of the random variable’s distribution. 

Convolution functions are the operation in func-
tional analysis, shows the “similarity” of one function 
with the reflected and shifted copy of another. Con-
volution - a mathematical operation of two functions 
that generate a third function, which usually can be 
considered as a modified version of the original one. 
Essentially, this is a special kind of integral trans-
formation. 

Among well-known reliability models, only two 
match this query: the exponential and diffusion 
nonmonotonic model. 

V.  EXPONENTIAL ERROR DISTRIBUTION MODEL  

The exponential (EXP) error distribution model 
[1] is a one-parameter function, in which the density 
distribution of operating time to failure is expressed 
by analytic dependence  

exp ( ) exp( ),f t t                     (4) 

where λ is the intensity of air navigation system op-
erator’s error. 

The intensity of ANS operator’s error is the con-
ditional density probability of occurrence of ANS 
operator’s error, which is determined if for the con-
cerned moment of time the error is not occurring [3]. 

Note that for the exponential model error intensity 
is constant (5).  

const.                              (5) 

From Fig. 5 we can see that exponential distribu-
tion is quite inaccurate model of the error distribu-
tion. By using this distribution to create an analytical 
model of the ANS operator’s reliability, it would be 
necessary to take an omission that ANS operator’s 
errors occur during equal intervals. However, similar 
condition is not only difficult to implement in prac-
tice, but it is also inconsistent with the criteria of fight 
safety. The ANS operator, working in such a way, 
would not have been effective and is not safe. 

 
Fig. 5. The intensity of operator error 

in the exponential model and the diffusion 
nonmonotonic model  

VI.  DIFFUSION NONMONOTONE ERROR 
DISTRIBUTION MODEL 

Diffusion nonmonotonic (DN) error distribution 
model in contrast to the exponential, in which there is 
only parameter – the scale parameter, is a 
two-parameter. 

Scale parameter μ corresponds to the average 
operating time of the air navigation system operator 
till the first error 

0
0

( ) .T t f t dt


                          (6) 

Shape parameter υ, equal to the coefficient of 
variation of operating time till the first error. 

0 0

,D
T T


     (7) 

where σ is the mean square deviation; D is the dis-
persion, scattering parameter with respect to the 
central midpoint. 

Unlike the exponential model intensity of air na-
vigation system operator error λ will not be constant 
and can be calculated by the formula 
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    
          

    
           

   (8) 

VII.  CALCULATIONS OF ERROR-FREE OPERATION 
USING DIFFUSION NONMONOTONIC MODEL AND EX-

PONENTIAL MODEL OF RELIABILITY 

Calculations of error-free operation using diffu-
sion non monotonic model and an exponential model 
of reliability can be carried out by the “lambda” 
method for the exponential reliability model and 
probability-physical methods for nonmonotonic 
model. 

Among the most common arguments, the error 
distribution model, which has more parameters, is 
more adequate. Insolvency exponential distribution 
model as a model of reliability can be inferred by the 
basis of forward-looking, estimates mean time to 
error (MTTE) in a wide range of variation, intensity 
of errors and tasks of varying complexity derived 
“lambda” and probability-physical methods, and the 
relationship MTTEEXP / MTTFDN as elements and 
systems [8]. 

Analytical dependences for estimation of mean 
operating time to the first error of element is based on 
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“lambda” and probability-physical methods and 
errors of the “lambda” method are shown in Table. 

Analysis of the results clearly shows that the es-
timates of MTTEEXP, is obtained on the basis of an 
exponential distribution model of errors, that is 
significantly (many times) more than the estimates 

of MTTFDN, obtained by the DN-model of depen-
dability [8]. 

Mean time to error DN-model achieved only when 
the failure rate  > 10–5 h-1, i. e. low reliability of the 
air navigation system operator and absence of skills 
(Fig. 6).

CALCULATED DEPENDENCES FOR ESTIMATION OF MTTF AND ERROR OF “LAMBDA” METHOD 

Mean operating time to the first failure Error of 
-method MTTFехр MTTFDN =  

exp 1
o (λ)t   
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Fig. 6. Predictive estimates MTTEexp and MTTEDN elements and ratio estimates

When the linear model depends on duration tim-
ing of the ANS operator’s error, intensity count ex-
ceeded MTTEEXP at   103 FIT is 10 and increases 
with professional reliability while achieving   1,0  
1,0 FIT values   103 times, while   1,0  FIT is  104 
times, or 106 %, which demonstrates the level of 
“rudeness” EXP model reliability. Satisfactory con-
vergence of estimates and MTTEEXP  

In other words, the worse trained air navigation 
system operator is, the more exponential distribution 
model is suitable for describing its dependability [6]. 
It turns out that the use of the lambda method has no 

practical sense for safe systems with air navigation 
system operator with high rate skills. 

CONCLUSIONS 

It was established that the optimal analytical 
model of the air navigation system operator’s relia-
bility is the diffusion nonmonotonic model of the 
errors distribution. This model satisfies the require-
ments for mentioned above model of failures (see 
Fig. 1).   

One of the main advantages of the DN error dis-
tribution model can be seen in Fig. 2. Error intensity 
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of DN model close to the real values of the errors of 
ANS operator.  

In addition, scale parameter μ and υ form of DN 
model are consistent with the peculiarities of func-
tioning of the operator and can be used for the cal-
culations not only in the air navigation system and for 
all ergatic systems. 
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