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Abstract: In order to accurately predict the volume fraction of dissolved gas in transformer oil and overcome the limita-
tion that only using a single prediction model will facilitate a poor prediction accuracy and generalization performance,
we put forward a prediction method of dissolved gas in transformer oil based on improved complete ensemble empirical
mode decomposition (ICEEMDAN) and gray relational coefficient time-varying weight integrated prediction model.
Firstly, the dissolved gas volume fraction sequences were decomposed into a series of subsequences with different time
scales. Then, the gated recurrent unit (GRU) and sparrow search algorithm optimized support vector machine(SVM) were
used to train each subsequence, and an integrated prediction model was combined; moreover, the prediction accuracy of
different prediction methods were compared to calculate the time-varying weight of gray relational coefficient and form
the prediction results of each sub series. Finally, the prediction results of each subsequence were superposed and recon-
structed to obtain the final prediction results. The analysis result of the example shows that the root mean square error
(RMSE), average absolute error (MAE) and correlation coefficient (R?) of single step prediction of this model are 0.593,
0.422, and 0.768, respectively, which has significantly improved the prediction accuracy compared with other algorithms,
and it has a strong generalization performance. Therefore, the research results can provide a basis for the internal state
monitoring of oil immersed transformers.
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GRU 1.021 0.768 0.428 ICEEMDAN-GRU 0972 0762 0565
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BPNN 1.145 0.901 0.324
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ICEEMDAN-BPNN

GRU 1.123 0.862 0.335
1.173 0.933 0.306

1.174 0.922 0.321

SSA-SVM 1.254 0.982 0.264
1.443 1.076 0.205

1.205 0.939 0.305

BPNN 1.306 1.020 0.251

[ N N SN =N SN 2 - N N ST e T N ST I~ N SN (O 2 e N - (SR Bo N N N

1.452 1.113 0.203

3 R FAEAARAR H i g

Table 3  Prediction performance of different gas volume fraction

AR o5 % RMSE MAE R?

1 0.247 0.209 0.846

CO
6 0.955 0.686 0.643
- 1 0.540 0.393 0.623
: 6 1.526 1.011 0.398
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CoH»
6 0.904 0.715 0.513
1 0.295 0.221 0.892

C,Hy
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FE, X 2 T <M To0 8 SR A e
352 mRAS TSRS AT

AR g A TARIR A A RO S R RS
I, S SR A BRI N . AR AR SC T
BE A0 S8 RS T A8 e 2 Vo R VA SRl A Ak T
I, 4k E 2012 43 AE 6 AR EE,
KRR AN 6 h, SLit 343 dHEE 5, B s 2k &
8 i, AI L FGEARFA 7 20 2058 150 AN EdE s
ST . RN bR BRI, A
S CHMCIFSERIEEAKR, MR = o mT )
SEAR RS I TR A i Ol 3 IEHDIR



218 i LR AR

2024, 50(1)

AHAEAN T HORAS AT 238 s BT IR, %15 105
BTN, BT AE R 9 MK 4 Fros, W]
WAL T3V R S AR S i e RS T VA A 1Y
AL BORAERIRE R T IER RS, HSHR
E RE R?, HATYIRBENE IERA S <R S bR K
(RN SR

WRIZ AR IR, A SCTIEIE T 2 P
R FRAEAR IR AR S HOIRAS T A B R T fE
FEFAASOIT A B SV 2 MR bR AT T
W, EAREAS MBURE DL, RS TS5 R ] A2
il M AR B B A o G ™ E
FLARYE 2 MR bn A RO TN, W] B = PR 5E

120r

110F fl
100f i
90r ‘_4 |
80 1 1
70

CH, & 5 #/107°

i
60 1 1" f
\ b oo rm"|

50 “llq“"‘ b”u Ll.l) ‘II. I‘\‘ F‘“\'.‘Il'v‘i"-‘“" |‘|q.>”,‘ IVJI
‘ ) i | |

40, 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

SR FF I [8)/8h
K8 IR T M A AR Ed ih £&

Fig.8 Curves of dissolved gas under abnormal condition
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Fig.9 Single-step prediction result under abnormal condition
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Table 4 Prediction results under abnormal conditions

TR £ RMSE MAE R?
1 3.865 2911 0.928
6 6.045 5.142 0.807
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