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Abstract

Automatic classification of power quality disturbances is the foundation to deal with the power
quality problem. From a traditional viewpoint, the identification process of power quality
disturbances should be divided into three independent stages: signal analysis, feature selection, and
classification. However, there are some inherent defects in signal analysis and the procedure of
manual feature selection is tedious and imprecise, leading to a low classification accuracy of multiple
disturbances. To deal with these problems, this paper presents an automated system for the
classification and identification of power quality disturbances. After receiving input signals, the
proposed system requires some preprocessing such as changing the range of values by dividing the
signals into their basic domains. In the next stage, the RMS value of the signal can be appraised to
know the occurrence of the disturbance. If the RMS value of the input signal is not equal to the
normal signal, the disturbance is occurring. To identify and classify disturbances, a novel deep
learning-based method is developed. In this method, the activation function is expressed by a fuzzy
approach. This makes the system more flexible. The benefits of the proposed strategy are separating
the disturbances of basic frequency and using the nature of power quality signals as a tool for feature
extraction. However, in the traditional method, for example, in empirical mode decomposition, the
separation of signals from their components is not conveniently possible. To evaluate the proposed
algorithm, a 33-bus distribution power network has been applied. The results reveal good agreement
in comparison with other assessment tests.
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s e S s 0 %20 %30 %40 0 %20 %30 %40
Normal 100 100 98.60 97.70 100 99.90 96.70 92.10
Swell 100 100 100 100 100 100 100 99.90
Sag 99.70 99.70 99.70 99.20 99.70 99.50 99.50 99.00
Impulsive Transient 100 99.80 97.20 76.20 98.20 98.00 89.60 64.40
Interruption 100 100 99.80 99.70 100 100 99.90 99.70
Flicker 100 100 100 100 100 100 100 99.90
Flicker with swell 100 100 100 99.70 100 100 100 99.80
Flicker with sag 100 100 99.90 99.50 100 100 100 99.80
Flicker with harmonics 100 100 100 100 100 100 100 100
Oscillatory transient 99.90 100 99.90 99.50 100 100 100 98.70
Harmonics 100 100 100 100 100 100 100 100
Swell with harmonics 100 100 100 100 100 100 100 100
Sag with harmonics 100 100 100 99.80 99.60 99.90 99.50 98.90
Interruption with harmonics 99.80 99.70 99.80 98.90 99.60 100 99.70 99.00
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Periodic notch 100 100 100 100 100 100 100 100
Spike 100 100 100 99.90 100 100 100 99.90
AVE 99.96 99.95 99.66 98.13 99.84 99.83 99.06 96.94
2dyaan @le Cilisie d9d culpd gl p SewdlS Lo ig; b (g3l mi2 951 C8 Ao :7 Jgur
G559 Slaxs SYS Sl iy ass gl S9di y pd

o sl Ol coes 0 %20 %30 %40
KF and FES [33] - 7 - 98.71 97 923
WT and PSO-ELM [34] 6 10 97.6 - . ;
WPT and GA [35] 15 8 98.33 - - -
WT and FANN [36] - 8 99.66 - - -
DWT and PNN-ABC [37] 9 16 99.875 | 98.6 95.2 93.6
ST and PNN [38] 4 9 99.26 99.13 98.63 -
ST and RF [39] 4 15 99.7 99.9 99.7 95.9
FET and ANNS [40] - 8 - 9395 | 9565 -
Proposed Method AUTO 16 99.96 99.95 99.66 98.13
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Method
. Proposed
Data/Classifier Method [41] [17] [42] [43] [44]
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Bagging 98.96 84
Fuzzy Expert 98 60 Test
System
Fuzzy Expert 02,83
System
Multiclass
SVM 99.7
PNN 97.44
KNN 97.55
HMM 95.83
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