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Prediction of Dissolved Gas Volume Fraction in Transformer Oil Based on Correlation Varia-
tional Mode Decomposition and CNN-LSTM
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Abstract: To address the issues of noise interference in actual monitoring data of dissolved gases in transformer oil and
the ineffective extraction of deep features between data by a single long short-term memory (LSTM) neural network, a
combined prediction model combining correlation variational mode decomposition (CVMD), 1D convolutional neural
network (1D-CNN) and LSTM is proposed. Firstly, CVMD is used to remove the noise signal from the original gas se-
quence, and the denoising sequence is decomposed into a group of relatively stable subsequence components. Then,
CNN-LSTM prediction models are constructed for each subsequence component, and 1D-CNN is used to mine deep fea-
tures between data to form feature vectors, which is input into LSTM for prediction. Finally, the prediction results of each
sub-sequence is superimposed and reconstructed to obtain the final gas predicted value. Four groups of comparison ex-
periments were carried out to verify the proposed model in a comprehensive and multi-angle way. The results of the
example study show that the average absolute percentage errors of single-step and multi-step prediction of the proposed
model are 1.53% and 2.09%, respectively. Compared with the existing model, the proposed model in this paper has sig-
nificantly improved the performance of the single-step and multi-step prediction. The study provides important technical
support for transformer on-line monitoring and fault warning.
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Table 6 Ablation experimental results
] MAE RMSE MAPE/%  R?
CVMD-CNN-LSTM 2.75 3.28 1.53 0.99
CVMD-LSTM 5.18 6.35 3.01 0.938
CNN-LSTM 54 8.04 3.49 0.911
LST™M 8.77 11.42 5.19 0.785
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Fig.8 Comparison of prediction curves of each model in abla-

tion experiment
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Table 7  Single-step prediction of experimental results

SE T st MAE RMSE MAPE/% R?
CVMD-CNN-LSTM 275 328 153  0.990
: VMD-CNN-LSTM 476 557 265 0972
CVMD-LSTM 518 635 301 0938
? VMD-LSTM 601 791 349 0910
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Table § Comparison between the results of multi-step

prediction and actual value of each model

BRI (B

SEBRME
CVMD-CNN-LSTM ~ VMD-CNN-LSTM CVMD-LSTM

138.7 138.5 1422 136.2
139.9 138.6 141.9 136.9
141.2 139.3 148.4 136.9
147.6 141.7 150.7 137.8
146.8 143.1 154.7 139.2
148.6 143.8 157.6 139.5

RO BB LN R AR 45 Fons b
Table 9 Comparison of the results of multi-step prediction and

evaluation indexes of each model

B MAE RMSE  MAPE/%  R?
CVMD-CNN-LSTM 2.97 3.58 2.09 0.923
VMD-CNN-LSTM 5.45 6.07 3.6 0.852
CVMD-LSTM 6.05 6.71 438 0.817
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Table 10  Prediction results of other characteristic gases

ERENRaRN (el MAE RMSE MAPE/% R?

CVMD-CNN-LSTM 053 0.65 172 0974

CHa4 VMD-CNN-LSTM 063  0.77 204 0.968
CVMD-LSTM 079 097 245 0763
CVMD-CNN-LSTM ~ 0.008  0.01 166 0973

CoHy VMD-CNN-LSTM  0.014  0.02 285 0970
CVMD-LSTM 0.02  0.02 385  0.950
CVMD-CNN-LSTM 025 031 0.88  0.991

CoHy VMD-CNN-LSTM 057  0.69 199  0.966
CVMD-LSTM 064 085 218 0821
CVMD-CNN-LSTM 031 036 115 0997

CaHe VMD-CNN-LSTM 057 073 207 0963

CVMD-LSTM 0.73 0.85 2.69 0.973
CVMD-CNN-LSTM 4.11 4.25 1.11 0.990

CO VMD-CNN-LSTM 9.16 9.39 248 0.978
CVMD-LSTM 10.18  10.72 2.77 0.868

CVMD-CNN-LSTM  25.92 27.1 1.06 0.948
CO2 VMD-CNN-LSTM 4193 4477 1.72 0.800
CVMD-LSTM 36.63  49.82 1.51 0.566
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Table A1 Sample data of dissolved gas volume fraction data in transformer oil
B, 1070

SKAFR (B H» CHa C2Hz CoHa CaHg Cco CO;
2013-11-07 T03:00 179.4 372 0.6 36.3 24.0 294.3 1677
2013-11-07 T11:00 182.7 36.3 0.4 37.0 27.6 294.0 1670
2013-11-07 T19:00 184.6 36.8 0.5 36.5 25.0 293.1 1670
2013-11-08 T03:00 185.7 36.7 0.5 37.1 26.1 293.7 1667
2013-11-08 T11:00 187.0 36.6 0.3 36.2 26.5 293.5 1668
2013-11-08 T19:00 186.8 36.3 0.4 35.8 25.1 292.1 1660
2013-11-09 T03:00 182.6 36.2 0.5 32.5 18.8 293.8 1669
2013-11-09 T11:00 182.7 37.0 0.3 36.5 254 290.1 1664
2013-11-09 T19:00 181.8 36.3 0.3 344 19.7 293.3 1668
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