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The paper assumes a Bayesian estimate of the telecommunication systems availability ratio. Downtime and uptime are described by 
gamma distributions with positive integer parameters. Estimates of the distribution parameters are obtained using the maximum 
likelihood method. For the set samples, the values of the desired probability distribution densities are found and an expression for 
estimating the availability ratio is derived. Numerical estimates for the standard and assumed estimates are given. For a system with 
two states, a Bayesian estimate of the availability function with consideration of downtime and serviceable condition takes into 
account the features of backup equipment and the effect of its failure defined by performance reliability and features that ensure the 
reliability of information signals. The proposed Bayesian approach has the following advantages: it is possible to conduct 
quantitative estimates with lack of sufficient statistics on functional use indicators; it takes into account all destabilizing factors of 
various nature; the presence of a lower mean square error compared to traditional methods. To implement the proposed approach 
that estimates the availability ratio, confidence probabilities are introduced relative to the indicator of failure flows and equipment 
recovery. The parameters of the a priori information can be determined by different methods or on the basis of sufficient statistical 
data. To illustrate the discussed calculation algorithm, a digital data transmission system of a standard satellite navigation system 
consisting of terminal, radio equipment, and a transponder is considered. To estimate the required values, we used data on 
interruptions in the operation of equipment due to its malfunction during a conditional year. The frequency of downtime caused by 
signal propagation conditions and equipment failures was evaluated. It was shown that the gamma distribution is suitable for 
describing the frequency distribution of downtime. The frequency distribution of the cyclicity coefficient with the condition of the 
selected time interval was also taken into account. Sample mathematical expectations and mean square deviations of the downtime 
coefficient were found. As a result, the numerical example shows the correctness of using the Bayesian estimate of weighted 
equipment preparedness. 
 
Key words: the availability ratio, gamma distribution, uptime and downtime cycles, estimation of the parameters. 

 
INTRODUCTION 

 
The technologies used to create modern facilities for radio engineering flights support and avia-

tion telecommunications (REFS and ATC) cause a high level of operational characteristics [1, 2]. 
However, the problem with ensuring the reliability of information determined by the operational char-
acteristics using specified equipment is updated. Along with this, there are problems of assessing the 
availability of equipment arising from the strict requirements of ICAO for the acceptable time of inter-
ruptions in work, not to mention the specific requirements for the transfer of confidential information. 
Any disruption in the operation of REFS and ATC facilities affects the dominant industry indicators, 
such as flight safety and the throughput of air traffic control zones (ATCZ) [3, 4]. In addition, methods 
for calculating serviceability characteristics that use the assumption of the exponential law of the up-
time function are questionable, since they are based on a priori constancy of the failure rate. In this pa-
per, the authors attempt to assess the availability of equipment and the level of its possible chang-
es [5, 6]. 

 
RESEARCH METHODS AND METHODOLOGY 

 
The authenticity of information in telecommunications systems largely depends on the reliabil-

ity of communication channels. The assumption of an exponential distribution of reliability probability 
indicators may be unfair if the system operates under changing conditions, which fully applies to tele-
communications systems [7, 8]. Such conditions can be considered as a complex electromagnetic envi-
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ronment, operation during the initial period of operation, the influence of radio wave propagation con-
ditions, etc. In addition, exponential estimates of reliability indicators are inaccurate with limited da-
ta [9, 10]. Also, modern telecommunication systems have a high level of reliability and therefore it is 
impractical to carry out maintenance with a constant control step along with the use of a priori selected 
uptime probability distribution functions [11]. 

In this case, due to the randomness of the parameters caused by the unstable operating envi-
ronment, we will use the Bayesian approach to evaluate the system availability [12, 13]. 

Let's assume that downtime and uptime times have a gamma distribution with positive integer 
parameters of the distribution form [14], which allows us to take into account various degradation pro-
cesses that affect information signals and system redundancy. The Bayesian approach used in this case 
has the following advantages: 

 it is possible to conduct quantitative assessments in the absence of sufficient statistics on 
failures and recovery; 

 consideration of destabilizing factors with various kinds of nature; 
 the presence of a lower mean squared error compared to traditional methods [15, 16]. 
To generalize the possibility of extending the proposed model to various telecommunications 

systems with different communication channels, consider a system that has a "hot" reserve of Nv func-
tioning and Nu reserve resources [17, 18]. 

We define Kг as the availability ratio for the given parameter values, K෩г – availability ratio 
which takes into account the variation in the availability of resources due to various factors; n – sam-
pling volume; T – the cycle period; Tо – time between failures; в – time of recovery; a, b – constant 
parameters of the gamma distribution; ,  – parameters of the G – distribution form; xio and yio – the 
observed downtime and uptime for i-th cycle respectively;  and  – the failure and recovery rates. 

In accordance with we have [19]: 
 

 K෩г = ෎ ൫ே೟௡ ൯ ௡ேೌ௞ ሾ1 − 𝐾г(𝑡)ሿே೟ି௡ሾ𝐾г(𝑡)ሿ௡ + ෍ ൫ே೟௡ ൯ ௡ேೌ௞ ሾ1 − 𝐾г(𝑡)ሿே೟ି௡ሾ𝐾г(𝑡)ሿ௡,ே೟௡ୀேೌାଵ
ேೡ
௡ୀ଴   (1) 

 
where Nt = Nv + Nu. 

We determine the duration of the cycle T by adding one functional state and one defective 
state. For known parameters  and  fixed time t: 

 
 𝐾г(𝑡; ;) = 

ା + 

ା 𝑒𝑥𝑝ሾ−( + )tሿ. (2) 
 
Estimation of the availability ratio K෩ г(𝑡; ;) it is obtained by substituting estimates  and  by 

maximum likelihood method (෠ and ෝ) into expression (2). The corresponding likelihood functions are 
maximized and as a result we have: 

 
 ෠ =  ௡∑ ௫೔೙೔సభ ;   ෝ =  ௡∑ ௬೔೙೔సభ ; 

 
To implement the Bayesian approach, we introduce confidential probabilities on  and  as 

statically independent and having gamma distributions: 
 

 𝐹(;; a) = 𝐹(𝑎;), (3) 
 
 𝐹(; ; b) = 𝐹(𝑏; ). (4) 
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In relations (3) and (4) 𝐹(;; a) = 𝐹(𝑎;) – a priori distributions of the degree of confi-
dence on  and , respectively. They are more diverse in shape and content, and, more importantly, 
they are consistent with exponential ones. Parameters of a priori information can be determined in var-
ious ways. 

Assume that for Tо and в there is a sampling (xi, yi), 𝑖 = 1, 𝑛തതതതത. The posterior probability distri-
bution density (PDD) , 𝑓(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡) has the form 

 

 𝑓(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡) = ௙()×୐(௫భ,௫మ,…,௫೙;)׬ ௙൫෠൯ಮబ ×୐(௫భ,௫మ,…,௫೙;)ୢ෠  =  ෠శ౤షభ௘௫௣ൣି(ୟା∑ ௫೔)೙೔సభ ൧׬ ෠శ౤షభಮబ ௘௫௣ൣି෠(ୟା∑ ௫೔)೙೔సభ ൧ௗ෠,  (5) 

 
Where 
 𝐿(𝑥ଵ, 𝑥ଶ, … , 𝑥௡; )  =  ෠𝑒𝑥𝑝ൣ−෠ ∑ 𝑥௜௡௜ୀଵ ൧. (6) 

 
Because, 
 f() = ௔(௔ିଵ)! 𝑎௡ିଵ + 𝑒𝑥𝑝ሾ−(𝑎 + ∑ 𝑥௜)௡௜ୀଵ ሿ (7) 

 
expression (6) can be written as: 

 

 𝑓(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡) = ௔ା∑ ௫೔೙೔సభГ(ା௡) ሾ(𝑎 + ∑ 𝑥௜)௡௜ୀଵ ሿା୬ିଵ𝑒𝑥𝑝ሾ−(𝑎 + ∑ 𝑥௜)௡௜ୀଵ ሿ.  (8) 
 

Expression (8) is a gamma distribution with parameters 
 

 ሼ(𝑎 + ∑ 𝑥௜)௡௜ୀଵ ሽ  and  ( + n), i.e., 
 
 Г(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡)  =  Гሾ(𝑎 + ∑ 𝑥௜); ( + n)௡௜ୀଵ ሿ. (9) 

 
Similar ratio can be obtained for : 
 

 Г(|𝑦ଵ, 𝑦ଶ, … , 𝑦௡)  =  Гሾ(𝑏 + ∑ 𝑦௜); ( + n)௡௜ୀଵ ሿ. (10) 
 
 

RESEARCH RESULTS 
 

Assuming that the loss function is a square function, the Bayesian estimate 𝐾г(𝑡; ;) it is a 
function that minimizes losses in relation to a posteriori model, and in case of static data – the a prior 
model  and , i.e. 

 
 ௜(𝑡;; ; 𝑎; 𝑏) = ∬ 𝐾г(𝑡; ;)𝑓୧(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡)ஶ଴ 𝑓୧(|𝑥ଵ, 𝑥ଶ, … , 𝑥௡)𝑑𝑑, (11) 

 
if there is a sampling (xi, yi), 𝑖 = 1, 𝑛തതതതത. 

Substituting (9) and (10) in the ratio (11), we get the following formula for preparedness as-
sessment: 

 
 ௜(𝑡;; ; 𝑎; 𝑏) = (௔ା∑ ௫೔)೙೔సభ (௕ା∑ ௬೔)೙೔సభ(ା୬ିଵ)(ା୬ିଵ) + 
 
 

 + ׬ ൥ ൛׬ (𝑎 + ∑ 𝑥௜)௡௜ୀଵ ା୬ିଵ 𝑒𝑥𝑝ሾ−(𝑎 + ∑ 𝑥௜)௡௜ୀଵ ሿ𝑑ஶ଴ ൟቄ׬ (𝑏 + ∑ 𝑦௜)௡௜ୀଵ ା୬ିଵ 𝑒𝑥𝑝ሾ−(𝑏 + ∑ 𝑦௜)௡௜ୀଵ ሿஶ଴ 𝑒𝑥𝑝ሾ−(1 − 𝑠)ሿ𝑑ቅ൩ 𝑑𝑠௧଴  (12) 



Том 24, № 01, 2021 Научный Вестник МГТУ ГА
Vol. 24, No. 01, 2021 Civil Aviation High Technologies
 

19 

DISCUSSION OF THE OBTAINED RESULTS 
 

The above results were used for numerical calculation of the radio link availability ratio for 
broadcasting information from the satellite navigation and communication system. The statistical data 
presented in were taken as a basis [20]. The system belongs to the class of 1×2 (Nv = 2, Nu = 1). 

Without stopping at intermediate calculations, we present the standard value of r and the value 
obtained using Bayesian estimation. They are 0.99996 and 0.9954, respectively. 

The proposed algorithm can be useful if it is necessary to obtain the parameters of interest used 
when choosing a strategy for technical operation of telecommunications systems and (or) their func-
tional elements. 

 
CONCLUSION 

 
These results differ from the values of the investigated parameters using standard calculation 

methods. It should be noted that at various stages of the process of technical operation of equipment in 
accordance with [7], it is possible to use other distribution laws, which in turn is a further direction of the 
authors’ research. Along with this, it should be noted that the development of this method, in our view, 
will allow us to assess the risks that arise when the reliability of information processing is unstable. 
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БАЙЕСОВСКАЯ ОЦЕНКА ГОТОВНОСТИ СИСТЕМ 
ТЕЛЕКОММУНИКАЦИИ 

 
В.Е. Емельянов1, С.П. Матыюк1 

1Московский государственный технический университет гражданской авиации, 
г. Москва, Россия 

 
В работе предполагается байесовская оценка коэффициента готовности телекоммуникационных систем. Времена простоя 
и исправного состояния описываются гамма-распределениями с целыми положительными параметрами. С помощью 
метода максимального правдоподобия получены оценки параметров распределения. Для установленных выборок 
найдены значения искомых плотностей распределения вероятностей и выведено выражение для оценки коэффициента 
готовности. Приведены численные оценки для стандартной и предполагаемой оценок.Для системы имеющей два 
состояния, байесовская оценка функции готовности с учетом времени простоя и исправного состояния позволяет учесть,  
как особенности резервирования оборудования, так и эффект его отказов определяемых характеристиками безотказности 
и особенностями обеспечения достоверности информационных сигналов. Предлагаемый байесовский подход имеет 
следующие преимущества: возможное проведение количественных оценок при отсутствии достаточной статистики 
о показателях функционального использования; учет всех дестабилизирующих эффектов различной природы; 
наличиеменьшей средней квадратичной ошибки по сравнению с  традиционными методами. Для реализации 
предложенного подхода оценки коэффициента готовности введены доверительные вероятностиотносительнопоказателя 
потоков отказов и восстановления оборудования. Параметры априорной информации могут определяться различными 
методами, или на основании достаточных статистических данных. Для иллюстрации рассмотренного алгоритма расчета 
рассмотрена цифровая система трансляции данных стандартной спутниковой навигационной системы состоящей из 
оконечного оборудования, радиооборудования, ретранслятора. Для оценок искомых величин использовались данные по 
перерывах в работе оборудования из-за его неисправности в течение условного года. Оценивались частота простоев, 
вызванная условиями распространения сигналов и отказами оборудования. Было показано, что для описания частотного 
распределения длительности простоя подходит гамма-распределение. Также учитывались частотное распределение 
коэффициента цикличности с условием выбранного интервала времени. Были найдены выборочные математические 
ожидания и средние квадратичные отклонения коэффициента простоя. В результате, численный пример показывает 
корректность использования байесовской оценки взвешенной готовности оборудования. 
 

Ключевые слова: коэффициент готовности, гамма-распределение, циклы функционирования и простоя, оценка 
параметров. 
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