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Abstract:

The most common method for detecting internal faults in power transformers is the
dissolved gas analysis (DGA) technique. The application of deep learning approaches in
analyzing dissolved gases in oil faces challenges related to the scarcity of reliable labeled
datasets, leading to overfitting and limited generalizability of these methods within the
DGA domain. To address this issue, this study proposes the use of a large volume of
synthetic DGA data for training deep models. A synthetic DGA database is generated by
applying a Gaussian copula-based probabilistic function to the limited standard IEC TC 10
dataset, resulting in a semi-standard, extensive, labeled synthetic DGA database.
Subsequently, various statistical and technical methods are employed to verify the
similarity between the generated synthetic database and the original dataset. The deep
convolutional neural network (CNN) model is then trained using this synthetic data. The
outcome of this research introduces a hybrid model combining a deep convolutional neural
network with a long short-term memory (LSTM) network for internal fault detection in
transformers, trained on the semi-standard IEC TC 10 dataset. The model achieved a
training accuracy of 95% and a testing accuracy of 93.3%.

Keywords Power transformers, dissolved gases analysis, Gaussian copula function, CNN-
LSTM.
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from sklearn.model_selection import
train_test_split
from sklearn.preprocessing import

StandardScaler
from sklearn.impute import Simplelmputer
from sklearn.preprocessing import
PowerTransformer
from sklearn.metrics import accuracy_score,
classification_report, confusion_matrix
from tensorflow.keras.models import
Sequential
from tensorflow.keras.layers import ConvlD,
MaxPoolinglD, LSTM, BatchNormalization,
Dense, Dropout, Flatten
from tensorflow.keras.optimizers import Adam
from tensorflow.keras.callbacks import
EarlyStopping, ReduceLRONPlateau
from imblearn.over_sampling import SMOTE
from numpy import expand_dims, unique,
argmax
from matplotlib.pyplot import figure, subplot,
plot, legend, title, show
from pandas import DataFrame
from pandas import to_numeric
import tensorflow as tf
# Function to load CSV files for all fault types
def load_csv_files(fault_type, num_files):

data_frames =[]

if fault_type == "Normal":

file_paths = [

'/content/drive/My
Drive/nan_filled_gaussian/Normal_nan_filled_
gaussian.csv',

'fcontent/drive/My
Drive/nan_filled TVAE/Normal_nan_filled_T
VAE.csv'

num_files = 2 # Ensure num_files is correct
for Normal
elif fault_type in ['D1", "D2", "T1_T2",
"T3"]:
file_paths = [
f'/content/drive/My
Drive/{fault_type} noise.csv',
f'/content/drive/My
Drive/nan_filled_gaussian/{fault_type} nan_fil
led_gaussian.csv',
f'/content/drive/My
Drive/nan_filled_TVAE/{fault_type} nan_fille
d TVAE.csv'
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T1_T2": data2,
'T3": data3,
‘Normal': data4
}
# ... (rest of your code to use fault_tables) ...
# ... (rest of the code)

# Laosls fl}:‘ sl @U

def merge_tables(fault_table,
categorized=False):
dataset = pd.DataFrame()
for fault, table in fault_table.items():
new_table = table.copy()
new_table['fault] = fault if categorized else
fault_mapping[fault]
dataset = pd.concat([dataset, new_table],
ignore_index=True)
return dataset
# o 5 mapping Ll ¢l

fault_mapping = {
'D1" 1,
'D2": 2,
'T1_T2" 3,
'T3" 4,
‘Normal': 5

! Dissolved Gas Analysis

2 Long Short-Term Memory
% Copula

4 IMAGENET Challenge

5> Kernel

¢ Dropout

" Backpropagation

8 Adam Optimizer

® Stochastic Gradient Descent

else:
raise ValueError(f"Unknown fault type:
{fault_type}")
for i in range(num_files):
file_path = file_paths[i]
df = pd.read_csv(file_path)
data_frames.append(df)
return pd.concat(data_frames,
ignore_index=True)
# Load data for each fault type
data = load_csv_files(fault_type="D1",
num_files=3) # Load data for D1
datal =  load_csv_files(fault_type="D2",
num_files=3) # Load data for D2
data2 = load_csv_files(fault_type="T1_T2",
num_files=3) # Load data for T1 T2
data3 = load csv_files(fault_type="T3",
num_files=3) # Load data for T3
datad = load_csv_files(fault_type="Normal",
num_files=2) # Load data for Normal
# ... (rest of your code) ...
if _name_ ==" main_":
# Create a dictionary to hold your fault data
fault_tables = {
'D1": data,
'D2": datal,



