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Prediction of Dissolved Gas Concentration in Transformer Oil Based on Multistage

Feature Extraction and IHHO-KELM
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Abstract: Dissolved gas concentration analysis in transformer oil have gradually become a mainstream pattern in early fault
discrimination. Accurate prediction of dissolved gas in oil contributes to gain transformer operation status in advance. Therefore,
prediction model of dissolved gas concentration in transformer oil based on multistage feature extraction and IHHO-KELM is proposed.
Firstly , dissolved gas concentration data is decomposed into multiple subsequences by complete ensemble empirical mode
decomposition with adaptive noise, after which the subsequences are further denoised by singular spectrum analysis to reduce its
non-stationarity. Then, kernel based extreme learning machine is adopted to forecast each subsequence. Meanwhile, improved harris
hawk optimization is applied to optimize the hyper-parameter of kernel based extreme learning machine. Subsequently, the final
dissolved gas concentration results are attained by summing the prediction values of all subsequences. Finally, the experimental results
are clarified that the proposed model achieves better prediction performance, which can better track the variation trend of dissolved gas
concentration in transformer oil.
Key words: prediction of dissolved gas in oil; complete ensemble empirical mode decomposition with adaptive noise; singular spectrum

analysis; improved harris hawk optimization
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Fig. 1 Convergence curves of all algorithms on the reference function
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Table 3 Evaluation index values of prediction result of subsequence

B!
ERMSE €vAE €mAPE
IMF, 0.2333 0.1933 76.991 7
IMF, 0.010 1 0.008 1 43.863 9
IMF; 0.0153 0.012'1 33.708 1
IMF, 0.009 7 0.007 9 8.605 4
IMF;5 0.027 1 0.008 1 12.776 5
IMF4 0.006 5 0.003 8 3.4589
IMF, 0.001 7 0.001 1 1.286 8
IMFjg 0.008 6 0.007 0 9.428 2
IMF, 0.004 2 0.0019 0.1950
Res 0.020 8 0.0115 0.0590
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Table 4 Evaluation index values of different models
i W2
T A% 7Y
ErMSE €MAE ©MAPE
CEEMDAN-SSA-IHHO-KELM 0.504 3 0.409 7 2.0710
CEEMDAN-SSA-KELM 0.606 3 0.494 3 2.4812
CEEMDAN-KELM 0.695 8 0.554 4 2.776 2
KELM 1.2172 0.990 0 49709
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Table 5 Prediction results of different models for other gases

TR A

CEEMDAN-SSA-IHHO-KELM  CEEMDAN-SSA-KELM  CEEMDAN-KELM  KELM
ErMSE 0.2525 0.2913 0.3395 0.725 8
C,H,4 €uvAE 0.2000 0.2333 0.286 5 0.587 6
€marE 2.1848 2.5573 3.057 8 6.1927
ERMSE 0.114 8 0.1376 0.1458 02221
C,Hs €viAE 0.094 8 0.116 4 0.1172 0.1881
€vAPE 2.369 1 2.906 7 2.9380 4.740 5
ERMSE 1.438 2 23495 23507 6.208 6
H, euviAE 1.1122 1.8724 1.906 1 4.868 6
€uvAPE 1.7459 2.8880 2.9580 7.472 4
ErMSE 0.508 0 0.593 6 0.606 3 1.2950
RE €uviAE 0.407 1 0.488 8 0.4812 1.046 6
©MvAPE 1.630 3 1.936 1 1.906 4 4.1511
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