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Feature extraction and classification of three-phase voltage dips based on a space phasor model
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(1. College of Applied Engineering, Henan University of Science and Technology, Sanmenxia 472000, China;
2. North China Electric Power University, Baoding 071003, China)

Abstract: Accurate classification identification of voltage dip disturbance is a prerequisite for power quality assessment
and management. Most of the existing voltage dips' feature extraction consists of identifying and classifying single
disturbance data. When using a mathematical transformation method for feature extraction, the data dimension is high and
the amount of calculation is large. To solve these problems, a visual feature extraction and classification method based on
a three-phase voltage space phasor model is proposed for multi-level voltage dips disturbance. First, the three-phase
voltage waveform data are transformed into a spatial phasor model. Secondly, the voltage dip disturbances are clustered
into visible circles or ellipses by using the K-mean algorithm. Finally, a logical regression algorithm is used to extract and
classify the features of each cluster circle or ellipse. The simulation experiments for single disturbance and multi-level
disturbance are done using the proposed method. The results show that the proposed method can effectively identify seven
kinds of voltage-drop disturbances, such as A, Ca, Cb, Cc, Da, Db, D¢, etc. This method not only reduces the data dimension
and the calculation amount of the model, but also reduces the risk of misidentification by eliminating the detection of the
dynamic transition process. Overall it provides an effective means for the identification of multi-level voltage dip disturbances.
This work is supported by the National Natural Science Foundation of China (No. 71471060).
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Fig. 1 Classification algorithm architecture
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Fig. 2 Multi-stage voltage dips waveform
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Table 1 Simulation calculation results of single-stage
voltage dip disturbance

%5V Vb Ve o RPN KR @ )
1 05 05 05 0.5 0.5 0 A
2 0.5 1 1 0.66 1 90 D
3 05 09 09 0.5 1 90 D
4 05 07 07 0.5 0.83 90 Da
5 1 0.66 0.66 0.5 1 180 C
6 1 05 05 0.5 0.83 180 C
7 075 057 057 0.5 0.83 180 C
8 1 0.5 1 0.66 1 2994 Dy
9 09 05 09 0.5 099 298 Do
10 07 05 07 0.5 083 2986 Do
1 0.66 1 0.66 0.5 0.99 1199 G
12 0.5 1 0.5 0.5 0.83 1199 G
13 057 075 057 0.5 0.83 1199 G
14 1 1 05 0.66 1 150 Dc
15 09 09 05 0.5 0.99 150 De
16 07 07 05 0.5 0.83 150 De
17 066 0.66 1 0.5 0.83 60 Ce
18 05 05 1 0.5 0.83 60 Ce
19 057 057 0.75 0.5 0.93 59.9 Ce
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Fig. 4 Multi-stage voltage dips of Example 1
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Fig. 5 Multi-stage voltage dips (Example 2)
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Fig. 6 K-mean clustering of multi-stage voltage
dip of Example 1
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Fig. 7 K-mean clustering of multi-stage voltage
dip of Example 2
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Table 2 Calculation results of multi-stage voltage dips
FOBMB Va Vo Voo BN KRN 40 FOW m

1 S1 1 1 1 1 1 0 — —

1 S2 086 0.67 099 0.68 1 46 Cc 0.6868
1 S3 039 068 0.9 0.36 099 885 Da 0.27
1 S4 037 037 037 0.38 0.39 0 A 0.0842
2 S1 099 099 099 1.01 1.01 0 — —

2 S2 081 0.97 0.97 0.61 1 46 Cc 0.6868
2 S3 0.79 0.65 0.65 0.21 085 72 Da 0.27
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Table 3 Synthetic dips with load effects

CIk] Va Vb Ve
1 0.85 -4.3-j0.37 -0.43+j0.37
2 0.85 -0.55-j0.35 -0.3+j0.35
3 0.85 -0.61-j0.32 -0.24+j0.32
4 0.85 -0.66-j0.28 -0.19+j0.28
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Table 4 Simulation calculation results of voltage dips
disturbance with load effect
AR R7 AR TTVE
SR T R S 57 R FTA
043 085 Ca 043 085 179 Ca
043 085 Ca 040 085 169 Ca
040 086 Dc 035 08 165 Ca
034  0.89 Dc 031 090 161 Ca
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