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Study on anomaly data detection of voltage in transformer district of distribution
network based on TFEC-INNE
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Abstract: A large amount of anomaly data of voltage can be generated during the transformer district operation of
distribution network. These anomaly data cannot correctly reflect the operating conditions of the distribution network and can
seriously affect the analysis of the voltage characteristics of the transformer district. Therefore, anomaly detection of the
voltage operation data in the transformer district is of great significance. Due to the problem of low accuracy of traditional
anomaly detection methods, an algorithm, combining trimmed window feature extraction clustering (TFEC) and isolation-
based anomaly detection using nearest-neighbor ensembles (INNE) , is proposed. The daily features of the initial data are
first extracted by using the trimmed window of TFEC. Then, based on principal component analysis (PCA) and K-means,
the daily feature data are downgraded and clustered to obtain operation data clusters of initial voltage based on multiple daily
fluctuation types. Moreover, the INNE algorithm is used to construct an integrated INNE detector in the data space of each
cluster and compute a composite anomaly score for each sample. Finally, the anomaly samples are determined based on the
anomaly scores. The main advantages of the model lie in integrating the trimmed window and clustering, which further
enhances the advantages of the INNE algorithm in terms of local and global anomaly detection capabilities. By using the

actual voltage operation data of the transformer district in a city’ s distribution network for validation and comprehensively
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comparing with other algorithms in terms of several evaluation indices, the results show that the TFEC-INNE model

improves the detection effects in various anomaly scenarios.

Key words: distribution network ; trimmed window ; principal component analysis; K-means; INNE; anomaly detection
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Figure 1

TFEC-INNE anomaly detection model
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Table 5 Principal component eigenvalues and

corresponding contribution rates
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Figure 4 Scatter plot of relative relationship between

eigenvalues and corresponding components
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Figure 5 Common feature extraction clusterings
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Figure 7 Detection effects at different values of ¢ and 7
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Table 6 Comparison of type I anomaly detection results
A0S P R F, FEIT /s
TFEC-INNE 0.9956  0.9216 0.997 2 0.366 4
INNE 0.9654  0.803 4 0.8770 0.183 1
IF 0.9586  0.6018 0.739 4 0.4955
OCSVM 0.9502  0.574 3 0.7159 0.548 5
LOF 0.9677 0.748 1 0.843 8 0.042 9
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Table 7 Comparison of type U anomaly detection results
Hk P R F, FEHT /s
TFEC-INNE 0.9928 0.8858 0.936 3 0.344 6
INNE 0.9708 08125 0.884 6 0.163 2
IF 0.9621 0.6719 0.7912 0.460 4
OCSVM 0.9479  0.5688 0.7110 0.516 7
LOF 0.9431 0.3734 0.5350 0.040 9

x8 A Fwin R

Table 8 Comparison of type lll anomaly detection results

Wik P R F FERF /s
TFEC-INNE 0.9980  0.9657 0.981 6 0.363 4
INNE 0.9947 08321 0.906 2 0.167 2
IF 0.9484 04778 0.6355 0.557 3
OCSVM 0.9685 0.6749 0.7955 0.529 3
LOF 0.9733  0.6676 0.792 0 0.043 9
Fz9 NAFFEMNLERTI

Table 9 Comparison of type l\ anomaly detection results
Hk P R F, FERT /s
TFEC-INNE 0.9975 0.9684 0.982 7 0.357 4
INNE 0.9908  0.8105 0.891 6 0.180 6
IF 0.9423 04211 0.582 1 0.5379
OCSVM 0.9624  0.526 3 0.680 5 0.529 8
LOF 0.9540 0.4105 0.574 0 0.044 6
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Figure 8 Comparison of type I anomaly detection results






