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Virtual impedance-based low-voltage distribution network topology identification method
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Abstract: At present, topology recognition technology finds it difficult to reflect the influence of power flow
characteristics on topology identification. The concept of virtual impedance is introduced. This defines continuous
variables with electrical meaning between nodes that are positively correlated with electrical distance as virtual impedance.
A virtual impedance-based low-voltage distribution network topology identification method is proposed by analyzing the
electrical distance between nodes using existing measurement data in the distribution network. First, a multiple linear
regression equation is constructed with virtual impedance between nodes as the dependent variable. Then, using ridge
regression, the virtual impedance of the regression equation composed of each single-phase meter and junction meter is
calculated to quickly identify faulty electrical equipment with incorrect topology relationships. Finally, a verification
model based on derivative dynamic time warping (DDTW) distance is established to reconstruct the correct topology
relationships of electrical equipment and achieve the correction of the topology relationships in the low-voltage
distribution network. The effectiveness of the proposed method is validated based on actual sample data of low-voltage
distribution network substations.
This work is supported by the National Natural Science Foundation of China (No. 51907114).
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Fig. 1 Typical low-voltage distribution network model
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Fig. 2 Typical low-voltage distribution network topology
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Fig. 4 Adjacency matrix heatmap of Pearson correlation

correlation coefficient method in case 1
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Fig. 8 Topological relationship discriminant results

based on virtual impedance in case 4
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Table 1 Comparison of accuracy by DDTW and DTW algorithms
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Fig. 9 Topological relationship corrected results based on
DDTW distance in case 1
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Table 2 Abnormal topology relationship node corrected

results in case 1

NO. 9 o o
11 T1 T2 T2
53 T2 T4 T4
75 T2 T5 T5
84 T2 T3 T3
112 T3 T4 T4
119 T3 T5 T5
182 T3 T4 T4
190 T3 T2 T2
198 T4 T1 T1

222 T4 T2 T2

278 T4 T2 T3

286 T4 T3 T3

335 T5 T2 T2

*3 R4 FERIPNRATRBESER
Table 3 Abnormal topology relationship node

corrected results in case 4

NO. 2 o o

214 T3 T22 T22
264 T3 T22 T22
822 T9 T10 T10
828 T9 T10 T10
836 T9 T10 T10
855 T9 T10 T10
865 T9 T10 T10
867 T9 T10 T10
895 T9 T10 T10
898 T9 T10 T10
901 T9 T10 T10
905 T9 T10 T10
957 T10 T9 T9
1020 T10 T7 T9

1176 T12 TI1 TI1
1206 T12 T11 T11
1231 T12 T11 T11
2147 T21 T22 T22
2149 T21 T22 T22
2158 T21 T22 T22
2166 T21 T22 T22
2172 T21 T22 T22
2187 T21 T22 T22
2190 T21 T22 T22
2221 T21 T22 T22
2229 T21 T22 T22
2241 T21 T22 T22
2279 T22 T21 T21
2282 T22 T21 T21
2283 T22 T21 T21
2316 T22 T21 T21
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Fig. 10 Results of the corrected topological relationship of

each station in case 1
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Table 4 Results of identification by different

recognition methods
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Fig. 11 Results of the corrected topological relationship of

each station in case 4
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