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Topology Identification of Distribution Network Based on Multi-label Classification and CNN
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Abstract: To adapt to the operation characteristics of the new distribution network, the distribution network switches
require frequent adjustments to their structures. However, it is difficult to timely and accurately obtain the real-time to-
pology of the distribution network, which poses challenges for situational awareness of the network. Traditional topology
identification methods based on state estimation are difficult to apply online due to their high computational complexity
and the large number of topology categories in large-scale distribution network. To address these challenges, this paper
proposes a distribution network topology identification method based on multi-label classification and convolutional neu-
ral network (CNN). By exploring the multi-mapping relationship between measured voltage data and switch states, a
multi-label classification mechanism is introduced to encode the distribution network topology. The switches are physi-
cally mapped to the topology identification model output and a CNN is used to build a multi-label classifier, achieving
accurate topology identification. Verification of the proposed method is conducted using a revised IEEE 123-node distri-
bution network, and experimental results show that it has a high topology recognition accuracy. Additionally, the model
demonstrates better inference capability for unknown topologies outside the training sample space, making it more suita-
ble for practical topology identification scenarios. The superiority and robustness of the proposed method can be verified.
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Fig.5 Topology identification effects under different

photovoltaic permeabilities
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Table 3 Results of MC-CNN and ML-CNN in unknown

topology samples

A3 AABiTY Asamp/% Avral/% Pl% R/% F\/%
MC-CNN — 69.50 50.43 50.43 50.43
ML-CNN 85.47 98.73 99.23 96.69 97.94
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Fig.6 Label-based classification results in unknown sample

experiments of MC-CNN and ML-CNN classifier
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Table 4 Results of ML-CNN with different output discrimi-

nant thresholds in the unknown sample experiment

FIGIRE  Asamp/%  Aral% P/% RI% Fi/%
0.15 82.92 98.24 96.76 97.96 97.36
0.25 85.73 98.47 97.68 97.59 97.63
0.35 87.19 98.65 98.46 97.25 97.85
0.45 85.99 98.68 98.91 96.86 97.87
0.50 85.47 98.73 99.23 96.69 97.94

£S5 A A BIE N ML-CNN 454843 2401 Fl-score
Table 5 F1-score of labels under different output discriminant

thresholds of ML-CNN classifier

TFxR Fi/%

%5 h=0.15 h=0.25 h=0.35 h=0.45 h=0.50
1 100 100 100 100 100
2 100 100 100 100 100
3 74.62 72.85 70.27 66.36 64.15
4 100 100 100 100 100
5 100 100 100 100 100
6 100 100 100 100 100
7 100 100 100 100 100
8 96.39 96.44 95.82 94.74 95.88
9 100 100 100 100 100
10 87.76 91.28 94.74 96.32 97.24
11 100 100 100 100 100
12 97.46 96.08 95.65 94.36 94.21
13 99.63 99.33 99.10 99.02 99.02
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