71 i O
624 5 1011:0059-0067 ﬁ?‘ﬁ“@ @ &g Vol.62,No.10:0059-0067
2026410 H 16 H High Voltage Apparatus Oct. 16, 2026

DOI:10.13296/j.1001-1609.hva.2026.10.007

E TR KR BIRIEAN T E RS i i i SRR 5 B3

F®REA, 7 Ok, & ZE', W k', WHF'
(1. EE L (A B RS A F ity |, N5 2 0160005 2. b i sl i TR R, Wb - 071003)

BE. hPEBARERFTAN S T EERKEL W LA T2E N, At % o] d PIEmam ki
TR ok AT R R R G 2R N BB E R, iR X E R AR S, 3 — R Tk IR
HAMe BT R Z IR0 P IR B ARSI Bk, B A N e A2 A S A R BRIk A A ek M
A R BB AAN G AR AEAR B R B AAN AL R A AR KM AF T FA, AR Z R K
(expectation maximization, EM) 5k 7 R A B KA, ;R F B R HAE AN, KRB RAF R ZIEEATAM,
PR FFRM A2 F R 2ROk TR 45 R 5 A AP AL, I N BP AV 2 W 455t 2 5 R AL, 55 LA TR 45 R 4
&G E RITTRMAGE . KT RREIE R R, TR 7 sk R R 2k 5 30% 89 H 0L T, AN
R A A% Z A 2] 96.3%, 483 T B = )2 45 35 -F 3% (ARIMA ) Fe 42 5% FL ALK (extremely randomized trees , ERT)
SR BT 11.4%F2 5.7% . BB, T3 5 sk e 45 B & , s T R Eminieit 2 W % (long short term
memory , LSTM ) Fe K 42 B} 32 10— & A4 22 B 24 (long short term memory-convolution neural network , LSTM-CNN )
7 TR 25 R 3 75 AR £ (enuse) Ao P39 35 3% Z (ewns) 2 H1 4K 28.5% .33.6%

KW mZXEERES; B PEBAA; SR RIEAN, FRZIEE; KARITILAYZM %

Prediction of Dissolved Gas Concentration in Transformer Qil Based on Missing
Data Imputation
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(1. Wuhai Power Supply Branch of Inner Mongolia Electric Power(Group) Co., Ltd., Inner Mongolia Wuhai 016000, Chinaj;
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Abstract: The prediction of dissolved gas concentration in oil is of great significance for earlyfault diagnosis of
transformer. To address the issues of high data integrity requirements and weak generalization ability in current pre-
diction algorithms for dissolved gas concentration in oil, in this paper the oil immersed transformers is taken as the
research object anda prediction algorithm for dissolved gas concentration in oil based on missing data imputation
and an improved Kalman filtering is proposed. First, a full probability model for missing data imputation is con-
structed based on Bayesian theory and Gaussian prior assumption.The missing data imputation problem is trans-
formed into solving the problem maximum likelihood estimation of model parameters, and the expectation maximiza-
tion(EM) algorithm is employed to solve the modle , ultimately achieving the imputation of missing data. Then, Kal-
man filtering is used for gas concentration prediction. To address the issue of divergence in Kalman filtering , a BP
neural network is introduced and a feedback mechanism is established so to dynamically correct the prediction re-
sults and improve prediction accuracy. The experimental results based on actual data show under a data missing
rate of 30% , thecorrelation coefficient of the imputation results achieved by the proposed dmethod reaches 96.3%,
which is 11.4% and 5.7% higher than those of the autoregressiveintegrated moving average (ARIMA ) and extremely
randomized trees (ERT) ,respectively. Meanwhile, the proposed method has a higher prediction accuracy,and the root
mean square error (epuse) and mean absolute error (ewars) are reduced by 28.5% and 33.6% respectively compared to
long short term memory(LSTM) and long short term memory-convolutional neural network(LSTM-CNN) methods.

Key words: oil immersed transformer; dissolved gas in oil; missing data imputation; Kalman filtering; long short

term memory neural network
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Table 1 Prediction results of different methods
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Table 2 Prediction results of different models for

other gases

/Ek{d:%ﬂ T’Jﬁimuﬁﬂ;‘ CRMSE EMAPE
KF 0.379 0.280
LSTM 0.294 0.182

CH,
LSTM-CNN 0.257 0.169
BP-KF 0.165 0.121
KF 0.259 0.590
LSTM 0.191 0.125

CoH,
LSTM-CNN 0.176 0.107
BP-KF 0.123 0.087
KF 0.294 0.356
LST™M 0.202 0.155

CH,
LSTM-CNN 0.238 0.178
BP-KF 0.135 0.104
KF 0535 0.603
LST™M 0343 0.421

C.H,
LSTM-CNN 0.306 0.387
BP-KF 0.213 0.189
KF 0.336 0.394
LSTM 0.163 0.210

co
LSTM-CNN 0.167 0218
BP-KF 0.115 0.127
KF 0.247 0.255
o LSTM 0.126 0.116
’ LSTM-CNN 0.109 0.098
BP-KF 0.093 0.075
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AN TR BICHE e R R G, 25 SR 3R B, 7 B a0 ek Sk
2 309%IE 00 R, Fr i AR S 1 5 R AR R =2
8] [ AH 56 22 B g 14 2] 96.3% , A Xt F ARIMA Fil
ERT /05 TF 11.4%H15.7% ., Z 55T RS ARIAFRS
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