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Abstract—The article describes procedure of statistical data processing in the operation system of avia-
tion radio electronic devices in case of their technical state deterioration. Analysis of literature showed 
that there is a great variety of technical state deterioration models, among which the most commonly 
used is linear model. Therefore, reliability parameters estimates on the basis of the maximum likelihood 
method were obtained for linear model of technical state deterioration. Analysis of estimation procedure 
confirmed the mathematical correlations correctness.  
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I. INTRODUCTION 

Aviation radio electronic devices (ARED) in civil 
aviation are used to provide flights in part of com-
munication, navigation and surveillance, as well as 
to inspect passengers and baggage in the aviation 
security departments, etc. Reliable operation of these 
devices determines the efficiency of airlines. 

The processes of ARED intended use, mainten-
ance and repair, reliability parameters control and 
monitoring, implementing corrective and preventive 
actions are carried out in the corresponding opera-
tion systems (OS). The main elements of the ARED 
OS include these aviation radio electronic devices, 
current laws and regulations, support resources, and 
also procedures of data processing, decision-making 
based on technical state evaluation, etc. ARED state 
during the operation can change as a result of dam-
ages, failures, due to degradation processes, unstable 
power supplies, and other internal and external fac-
tors. This leads to the instability of air navigation 
services process fulfillment, changes its efficiency 
indexes, including the risks of air navigation servic-
es and risks of flight performing. 

II. ANALYSIS OF PUBLICATIONS 

Analysis of publications [1], [2] shows that today 
significant attention is paid to evaluating the reliabil-
ity, operation systems design and implementation, 
determining relationship between maintenance and 
risks, etc. In operation practice, technical state of 
operation objects can deteriorate [3]. There are many 
models of technical state deterioration, but they are 
all associated with increased failure rate. 

Problems of analysis of ARED technical state de-
terioration are typical problems of change-point de-
tection and estimation [4], [5]. As for radio engi-
neering application these problems considered in [6]. 

III. PROBLEM STATEMENT 

The analysis of publications in the field of 
change-point detection and estimation showed that 
for ARED operation problems these questions are 
not enough discussed. Moreover, there is insuffi-
ciency of relatively simple engineering evaluation 
procedures.  

The problems of reliability parameters estimation 
in the case of hopping model of ARED technical 
state deterioration were discussed in [7]. As known, 
it is the simplest model. But according to analysis 
[1], [3] linear model of technical state deterioration 
is most widespread in practice. 

Therefore, this paper considers actual scientific 
and technical problem – synthesis and analysis of 
procedures for reliability parameters estimation in 
the case of a linear model of technical state deteri-
oration. 

IV. ESTIMATION PROCEDURE 

It is known that for ARED there are three main 
stages of its operation: burn-in region (failure rate 
decreases), useful life region (with constant failure 
rate), and wear-out region (failure rate increases). 
This is a known concept used to represent failure 
changes of ARED because failure rate of such de-
vices is a function of time [1]. Intersection between 
second and third stages is the beginning of technical 
state deterioration process. 

Hazard rate function on the second and third 
stages of operation for linear model is described by 
expression 

, if ;
( )

2 , if ,
x k

x
ax x k

 
    

 

where   is constant failure rate ( 0 ), a  is coef-
ficient of technical state deterioration ( 0a ), k  is 
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the moment of technical state deterioration begin-
ning (i.e. the number of recorded failures before the 
beginning of technical state deterioration). 

Let’s consider the problem of   and a  estima-
tion. 

The initial data for the estimation of reliability 
parameters is time to failure ix , where i  is number 
of recorded failure. Let’s assume that the total num-
ber of failures is kn  . 

According to basic equations of reliability [1] the 
relationship between failure rate and the probability 
of failure-free operation (reliability function) )(xR  
is following: 
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Substituting in this formula the expression for 
hazard rate function )(x , we’ll get reliability func-
tion 
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Then we can find the expression for the probabil-
ity density function (PDF) of times between failures 

2

, if ;( )( )
( 2 ) , if .

x

x ax

e x kdR xf x
dx ax e x k



 

    
  

 

Let us consider the problem of   estimation in 
case of known value of coefficient of technical state 
deterioration a  ( 0a ). To solve this problem, we 
can use the maximum likelihood method, method of 
moments, quantile method, least squares method, 
etc. In this paper, we use the maximum likelihood 
method. 

Likelihood function for investigated options of 
technical state deterioration can be written in the 
following form: 
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To find the unknown parameter   estimate, let’s 
solve the equation 
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After simplifications, we obtain equation 
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This equation can be rewritten as 
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Obtained equation can be solved for the two li-
miting cases: 1) when iax2 ; 2) and when 

iax2 . 
In the first case, we obtain the estimate 
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For this estimate, we can quite easily find PDF, 
mathematical expectation and variance: 
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In the second case, we obtain the estimate 





 n

ki i

n

i
i xa

x

k

11

1
2
1

.                     (2) 

Let’s consider the problem of a  estimation in 
case of known value of failure rate  . 

For this purpose, it is necessary to solve the equa-
tion 
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In this case 
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Quite simple solution of this equation can be ob-
tained in case of iax2 , then 
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Another variant of estimation can be obtained 
from the fraction decomposition in a Taylor series 
(if we take two first terms of this series) 
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Parameter a  estimate looks like 
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The simulation results showed that estimate (4) is 
also suitable only for cases when iax2 . 

Let us consider simultaneous a  and   estima-
tion procedure. For this purpose, it is necessary to 
solve a system of equations 
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If from the first equation we subtract the second 
equation multiplied by a , we’ll get 
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Solving this equation with respect to a  and with 
respect to  , we obtain 
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Equations (5) and (6) can be used as estimates of 
these parameters, if one of them is known in ad-
vance. 

Let’s perform analysis of the failure rate esti-
mates (1), (2) and (5), and also coefficient of tech-
nical state deterioration (3), (4) and (6) by modeling. 

The following values were chosen as initial data 
for modeling: failure rate 310 , sample size 

1000n , the beginning of technical state deteriora-
tion 500k , the number of procedures simulation 
repetitions 100N . 

The simulation results in the form of   estimates 
PDF according to formulas (1) and (5), if 810a , 
are shown in Figs 1 and 2, respectively. 


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Fig. 1. PDF of λ estimates according to (1) 
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Fig. 2. PDF of λ estimates according to (5) 

For procedure (1) mathematical expectation and 
variance of estimate: 3

1 10012,1)( m , 2 ( )    
107,729 10  ; and for procedure (5): 1( )m    

31,002 10  , 10
2 10828,7)(  . As can be seen 

if iax2 , both procedures give approximately 
the same results. Procedure (2) at the same time 
gives unsatisfactory results; it can be used only, if 

iax2 . According to the simulation results in a 
wide range of initial data, we can conclude that the 
best among considered procedures is procedure (5). 

This procedure usage is possible in the case of an 
arbitrary relationship between a  and  . 

The simulation result in the form of a  estimates 
PDF according to formulas (6), if 610a , is shown 
in Fig. 3. 

)(af

a
 

Fig. 3. PDF of a estimates according to (6) 

For procedure (6) mathematical expectation and 
variance of estimate: 6

1 10032,1)( am  and 
14

2 10935,2)(  a . Analysis of the modeling pa-
rameter a  estimation procedure showed the possi-
bility of using the algorithm (6) in a wide range of 
initial data. Obtained by the expressions (3) and (4) 
estimates give acceptable results, only if iax2 . 

V. CONCLUSION 

Actual problems of procedures synthesis for data 
processing in the operation systems of aviation radio 
electronic devices are considered in the article. In 
the case of the linear model of technical state deteri-
oration, failure rate and coefficient of technical state 
deterioration estimates were obtained using the max-
imum likelihood method. Estimation procedures 
analysis by mathematical modeling confirmed the 
possibility of these procedures usage. 

Obtained results can be used in the design, im-
plementation and modernization of operation sys-
tems of aviation radio electronic devices. 
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