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Introduction

Currently, there are some users who, after expanding their production, privately replace their transformers with
larger capacity ones without notifying the power enterprises, in order to save on the increased electricity charges
for capacity. This behavior, while saving them considerable electricity expenses, significantly increases the risks
to the stability of the power system and harms the interests of power enterprises. In the field of power marketing,

this Is known as the act of illegally increasing transformer capacity for electricity theft.

Currently, the primary method for detecting such illegal capacity increases involves using capacity detection to
assess user behavior. References introduce a distribution transformer capacity detection method based on
the impedance voltage method, starting from the national standards for transformer manufacturing. It states that
transformers of different capacities should have corresponding impedance voltage values that comply
with national regulations, and illustrates the effectiveness of using short-circuit voltage as a detection indicator
through examples involving multiple large-capacity transformers. By analyzing the means of capacity detection,
It can be concluded that there are certain regression relationships among the operating parameters of transformers
, and these relationships are determined by the capacity. Therefore, artificial intelligence algorithms can be used t
o fit regression models of operating parameters, and anomaly detection methods can be applied to achieve rapid o
nline identification of capacity increases.

This paper fully leverages the advantages of the current big data environment in the power industry and
proposes a DBSCAN-ELM based detection model for transformer capacity increases. Experiments conducted
using real data show that the model proposed in this paper requires less training time, exhibits high detection
accuracy, and enables online screening of capacity increase behaviors. .

Research objectives
Bl Research on Data Cleaning Method for Transformer Operation Data Based on DBSCANFor the heterogene.

B Research on Intelligent Detection Method for Unauthorized Capacity Increase of Distribution Transformers
Based on ELM.

Data Cleaning Method for Transformer Operation Capacity Expansion Detection Method Based on
Data Based on DBSCAN i ELM

Considering the data points composed of x and y in i One can set the input feature X=[U,,U,,1,] and the
equation (5) as an operating point of the transformer, this; model output Y=I, to construct a regression model.
operating point will be distributed in the fourth quadrant i By training the regression model with historical

of the two-dimensional plane with x=Z_and y=Z_as the i operational data after data cleaning, online

origins. As the transformer load gradually increases, the i troubleshooting of transformer capacity increase
operating point of the transformer corresponding to the : behavior can be achieved.
above calculation results will gradually approach x=2_ :

and y=Z_.As shown in figure , figure Is a schematic

diagram of the data mapping result. -
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The process of the DBSCAN-ELM augmentation l

detection method Is as follows: the historical operating e

data of the transformer to be detected is calculated

using formula (1) to obtain the x and y coordinates of l

the two-dimensional plane; Use the DBSCAN e shtin mappi '
algorithm to perform noise reduction on the mapped el | ol et
two-dimensional data, remove outliers, and retain the I DBSCAN l
dense region dataset; Calculate the density values In I HEan S
each dense area, and select the dataset with the highest } | o] {com
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density as the training set; Train a capacity increase

detection model using the ELM algorithm, and S

calculate the residual of the primary current on all data e
; Output the curve of daily average residual current .
and time, and observe the continuous distribution fnd

characteristics of the residual current along time.

Analysis of Results from Data Cleaning Method Based on DBSCAN;  Analysis of Capacity Increase Detection Results Based on ELM

Using the derived data dimensionality reduction
formula (1), dimensionality reduction calculations
were performed on the dataset, followed by DBSCAN

clustering processing. The clustering results under
optimal parameters are shown iIn the figure below.

The model was then used to calculate the primary
current values for the entire sample, and the error
distribution between the calculated primary current
values and the actual values for the entire sample is
shown In the figure below

uuuuuu

UUUUUU

301
28~ : . 20 - : : .
5 5 &0 a5 20 25 30 35 0000 12000

A Data groupl clustering results B Data group2 clustering results

s B K & B

B B

R 8 B B BB ER E B

1000¢ | |
0 MIN=G { ' ‘ | I| |~ J ;Lm,;‘
MRER TR ] WRITRA | i | | | il
2000 000 G000

|
0 2000 4000 L] B oo L] LU O

40 42 449 45 4 t zZE i) az 34 36 ]

|
|
|
|
|
|
|
|
|
I I asii |
l | aioi |
(=574 —_, | . 3500 |
| | |
i | | |
' 4 | snal | 2 w00 |
1500
% | WIN=GL L ol |
I - '
; 1
I 00D 12000 0
| :
| |
|
|
| |
|
I i
1

C Data group3 clustaring resules D Data groupd clustering results

Sample sequence number Sample sequence number

C Error distribution results on data Set 3 D Error distribution results on data Set 4

The experimental results indicate that the method proposed in this paper can identify unauthorized capacity expansion behaviors in the
historical data of distribution transformers for each user in a region under the context of big data. Compared to traditional methods, it
enables online detection with less interference from local abnormal data.
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