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Abstract. The paper is aimed at developing a forecast model for 
estimating the service life of a diagnosed object based on the Neyman–
Pearson method. It presents a procedure for selecting necessary and 
sufficient number of diagnostic indicators using the forecast model. The 
technique has been tested on the basis of a power transformer with a liquid 
dielectric. A condition-based operation strategy has been proposed for the 
transformer. According to this strategy, the iron impurity content in the 
dielectric liquid (oil) of the transformer should be measured every year of 
operation. Based on the forecast model, it is possible to calculate the 
variation of average risk (R) and a threshold value of iron impurity content 
in the transformer oil (k0) for each year of operation. Using these 
parameters, a reliable forecast model can be constructed to estimate the 
remaining service life of the transformer. The obtained relationships make 
it possible to identify a scientifically grounded stage in the service life of a 
diagnosed object, at which the number of measurable diagnostic indicators 
(indicators that are necessary for assessing the real technical condition of 
equipment) can be minimized. 

Introduction 
At present, two traditional approaches to preventive maintenance of equipment are used [1–
4]: the scheduled maintenance system (service life-based maintenance) and maintenance 
according to the current technical condition (condition-based maintenance). The key 
difference between these approaches is in different grounds for determining the frequency 
and scope of maintenance for a diagnosed object. There is a clear trend towards introducing 
the principle of condition-based maintenance for different units, assemblies and structural 
elements. For this purpose, numerous studies and experiments are carried out to expand a 
range of systems and assemblies operated under this strategy. 

The primary objective of the transition to the condition-based maintenance strategy [1–
5] is to improve the reliability of equipment and reduce maintenance costs. The 
implementation of the condition-based maintenance strategy requires a sufficient number of 
informative diagnostic indicators to assess the real technical condition of a diagnosed object 
and predict its operability. 
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The operating time of any system, as well as the scope and frequency of preventive 
maintenance work is determined by threshold values of monitored parameters (diagnostic 
indicators) [6]. In order to reliably diagnose the technical condition of a system, the 
maximum amount of information about monitored parameters should be used. This 
diagnostic method minimizes the probability of a wrong decision. However, the related 
monitoring systems would be overloaded with sensors, while diagnostic programs would be 
very cumbersome and time-consuming. This reduces the economic efficiency of equipment. 
In this regard, it is important to take a science-based approach by identifying diagnostic 
indicators and then selecting, among them, the minimum number of indicators that are 
necessary and sufficient to reliably diagnose the technical condition of a system (remaining 
service life). In this case, both a diagnosed object and monitoring facilities will be as simple 
and effective as possible. 

Therefore, the studies in which forecast models are constructed to estimate the 
remaining service life of a diagnosed object are of current interest [7–11]. In addition, there 
is a need for methods that make it possible to reduce the number of measured parameters, 
which are necessary and sufficient to reliably diagnose a monitored system [12]. 

The purpose of this study is to develop a tool (procedure) that can be used to reliably 
assess the current condition of a monitored object. Based on a reliable diagnosis of the 
technical condition, it is possible to introduce a condition-based preventive maintenance 
strategy.  

The novelty of the study is in presenting the forecast model that, unlike the existing 
forecast models, is designed to estimate the remaining service life of a diagnosed object by 
year of operation. The forecast model is based on the Neyman–Pearson method. It also 
focuses on estimating how the average risk of a wrong decision concerning the technical 
condition of a diagnosed object varies from year to year. 

Research methods 
There are statistical methods that can be used to recognize indicators [1–3, 13–15] and, 
therefore, set limits to making a decision about the technical condition of a diagnosed 
object. In addition, these methods allow possible diagnostic errors to be quantified. Danger 
of a wrong diagnostic decision is quantified through average risk assessment. For this 
purpose, it is necessary to determine a probability density of a particular diagnostic 
parameter k, which is used to identify whether a diagnosed object is serviceable (D1) or 
unserviceable (D2).  

Let us introduce the following notations: 
k is the output performance parameter of a diagnosed object;  
k0 is the threshold value of the output performance parameter.  
The parameter k0 indicates a degree of serviceability of equipment: 

- at 0kk    1Dk  , a diagnosed object is serviceable;  

- at 0kk    2Dk  , a diagnosed object is unserviceable (defective).  
Thus, these inequalities are a quantitative measure of the remaining service life of a 

diagnosed object. Figure 1 shows values of the probability density of a diagnostic 
parameter k for two statuses of a diagnosed object. In real systems, the probability densities 
f(k/D1) and f(k/D2) usually have a common area. Selecting a threshold value k0 is subject to 
a certain risk that the current technical condition will be misdiagnosed. 
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Fig. 1. Probability density of the diagnostic indicator k for two statuses of a diagnosed object. 1k  and 

2k  are the average values (mathematical expectations) of the diagnostic indicator k. 

A wrong diagnostic decision (magnitude of the average risk) is defined as a sum of 
probable events: 
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where )21(HP  is the probability of a false alarm; a serviceable diagnosed object is 
recognized as defective: a diagnosed object is serviceable (real condition of a diagnosed 
object – D1), but the parameter k exceeds its threshold value (k > k0 ); 

)12(HP  is the probability of a missed defect; a defective diagnosed object is 
recognized as serviceable (real condition of a diagnosed object – D2), but the parameter k is 
less than its threshold value (k < k0 ); 

C21 is the cost of a false alarm; C12 is the cost of a missed defect. 
Based on the Neyman–Pearson method, the probability of a missed defect will be 

minimized at a specified allowable level of false alarm probability. 

Results 
The method for selecting the necessary and sufficient number of diagnostic indicators based 
on the Neyman–Pearson method was tested on the basis of a power transformer with a 
liquid dielectric. A conventional maintenance procedure of the power transformer is based 
on preventive maintenance (service life-based operation). 

The condition of the transformer is assessed by measuring the iron impurity content in 
its dielectric liquid (oil) (parameter k): 

– if 0kk  , 1Dk   (the transformer is recognized as serviceable); 

– if 0kk  , 2Dk   (the transformer is recognized as unserviceable). 
In this case, k0 is the threshold value of the iron impurity content in the transformer oil. 

According to the maintenance schedule, the diagnostics of the transformer is carried out 
every five years of operation on the basis of the iron impurity content in the transformer oil. 
In order to implement the condition-based maintenance strategy of the transformer, it is 
proposed to measure the iron impurity content in the tank oil every five years of operation, 
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rather than every year. 
Figure 2 shows the calculated probability density of the diagnostic parameter k by year 

of operation with serviceable D1 and unserviceable D2 conditions of the transformer. The 
figure also shows a distribution of the threshold parameter k0, which allows the remaining 
service life of the transformer to be assessed in real time. 
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Fig. 2. Variation of the probability density of the diagnostic parameter k by year of operation of the 
transformer, k1, …, k5 is the distribution of the threshold parameter k0 by year of operation of the 
transformer. 

Figure 3 presents the variation of the false alarm and missed defect probabilities 
calculated on the basis of the Neyman–Pearson method, as well as the magnitude of the 
average risk by year of operation. The obtained characteristics make it possible to construct 
a reliable forecast model for estimating the remaining service life of a diagnosed object by 
varying the threshold parameter k0. By estimating a threshold value of the average risk 

addRmax  of a wrong decision concerning the technical condition of the transformer, it is 
possible to identify a scientifically grounded stage in the service life of a diagnosed object, 
at which the number of measurable diagnostic indicators (indicators that are necessary for 
assessing the real technical condition of equipment) can be minimized. 

The calculations performed for the diagnosed object demonstrate that, starting from the 
second year of operation, the risk of a wrong decision concerning the condition of the 
transformer decreases to an acceptable value. Quantitatively, this is justified by the fact 
that, starting from the second year of operation, the average risk R falls below the accepted 
threshold value addRmax = 0.6. By reducing the probability of a wrong decision concerning the 
condition of the transformer to the acceptable value, it is possible to reduce the number of 
measurable diagnostic indicators, without detriment to a reliable diagnosis of its technical 
condition. 
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Fig. 3. Variation of the false alarm probability Р(Н21), probability of a missed defect Р(Н12) and 
average risk R by year of operation (N) of the power transformer. 

Conclusion 
The forecast model for estimating the service life of a diagnosed object has been 
constructed on the basis of the Neyman–Pearson method. The developed model can be 
used to introduce a condition-based preventive maintenance strategy. Based on the forecast 
model, the variation of the average risk of a wrong decision concerning the technical 
condition of the transformer R has been calculated by year of operation. By comparing the 
average risk R with the estimated threshold level of risk, addRmax  it is possible to identify a 
scientifically grounded stage in the service life of a diagnosed object, at which the number 
of measurable diagnostic indicators (indicators that are necessary for assessing the real 
technical condition of equipment) can be minimized. 
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