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Abstract. The article explores the application of ensemble machine learning algo-
rithms for classifying transients in relay protection systems in order to increase their effi-
ciency. The methods of bagging, boosting and stacking for solving the problem of classi-
fying data obtained from SCADA systems and RS terminals are considered. Classification 
accuracy is assessed using the Precision, Recall, and F1-score metrics. The experimental 
results demonstrate the high accuracy of the ensemble algorithms in classifying transient 
processes, such as starting and self-starting electric motors, based on data obtained from 
the Power Factory and Matlab Simulink models. For further research, it is planned to ana-
lyze more complex starting modes of electric motors in order to improve the classification 
accuracy. 
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 Fig. 1. Structural diagram of information exchange  

between the SCADA server and the protection terminal 
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 Fig. 2. Single-line diagram of a 10 kV input cell for a 0.4 kV section 
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 Fig. 3. An oscillogram of the switching order  
when considering a two-phase short circuit at point 2 

 
 1. 

 
 Table 1. 

Switching order table  
 0-0,2 0,2-0,4 0,4-0,6 0,6-0,8 0,8-1 1-1,2 1,2-1,4 
        
 1,4-1,6 1,6-1,8 1,8-2 2-2,2 2,2-2,4  
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 Table 2. 

Classification results using the Sliding Window method 
 

 Matlab Simulink Power Factory 
Bagging Boosting Stacking Bagging Boosting Stacking 

Precision (  0,832 0,893 0,830 0,994 0,975 0,991 
Precision (  0,823 0,878 0,830 0,991 0,947 0,991 
Precision (  0,887 0,806 0,991 0,997 0,994 0,988 
Recall (  0,901 0,806 0,900 0,989 0,975 0,985 
Recall (  0,695 0,837 0,873 0,984 0,947 0,992 
Recall (  0,884 0,923 0,885 0,992 0,994 0,995 
F1-score (  0,865 0,847 0,865 0,991 0,975 0,986 
F1-score (  0,853 0,857 0,903 0,986 0,947 0,990 
F1-score (  0,882 0,800 0,932 0,993 0,994 0,991 

 
F1-score (  0,833 0,842 0,873 0,995 0,947 0,993 
F1-score (  0,892 0,828 0,997 0,996 0,998 0,999 

 
F1-score (  0,801 0,927 0,855 0,992 0,975 0,991 
F1-score (  0,842 0,867 0,995 0,985 0,989 0,983 

 
F1-score (  0,812 0,924 0,899 0,987 0,954 0,982 
F1-score (  0,878 0,786 0,872 0,992 0,989 0,988 
 

 3. 
 
 Table 3. 

Classification results for combined samples 
 
 

 Matlab Simulink Power Factory 
Bagging Boosting Stacking Bagging Boosting Stacking 

F1-score (  0,853 0,857 0,908 0,994 0,973 0,992 
F1-score (  0,892 0,901 0,932 0,984 0,960 0,981 

 
F1-score (  0,851 0,962 0,874 0,989 0,969 0,994 
F1-score (  0,881 0,875 0,992 0,995 0,986 0,991 

 
VI  
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