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Transformer fault recognition method based on KPCA-CGSSA-KELM

Jiang Bing Li Xiang Chao Yifan Yu Ziyu Tao Kai

(College of Automation, Nanjing University of Posts and Telecommunications, Nanjing 210046, China)

Abstract: To address the problems posed by redundant features in transformer fault recognition and the low accuracy of traditional
methods, a transformer fault recognition method leveraging kernel principal component analysis ( KPCA) in conjunction with chaotic
sparrow search algorithm ( CGSSA) is introduced. Initially, KPCA is employed to preprocess the transformer fault data, aiming to
mitigate the correlations among features. Subsequently, CGSSA is improved by incorporating the improved Tent map and Gaussian
mutation to increase the search accuracy and convergence speed of the algorithm. Comparing the results involving CGSSA, SSA, GWO
and WOA. Utilizing the data extracted through the KPCA as the model input, CGSSA is then used to select the kernel function
parameters and regularization coefficient of KELM, thereby establishing the KPCA-CGSSA-KELM transformer fault recognition model.
The experimental results demonstrate that, with the identical input data, CGSSA has the best results in terms of convergence speed and
optimization accuracy. In addition, the proposed method shows the fault recognition accuracy of 95. 7%, which is 18.6%, 10%, and
15. 7% higher than WOA-KELM, GWO-KELM, and SSA-KELM, respectively. These findings suggest that the proposed method
effectively manages the impact of redundant features and enhances the precision of transformer fault recognition, thus verifying the
validity and feasibility of the proposed method for transformer fault recognition under the feature redundancy.
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Table 2 Comparison of the optimization results of test function
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Table 4 Original transformer fault data

o RV (L)
H, CH, C,H, C,H, C,H,

N-C/1 1467  3.68 0.2 2.71 10. 54
LE-D/2 3453 11225  58.75 51.5 27.5
LT/3  247.7  148.7 0.9 192.7 78.7
HE-D/4 1678  652.9 419.1  1005.9 80.7
HT/5 1729 3341 37.7 812.5 172.9
LM-T/6  170.1  320.6 3.2 520.3 53.7
M-T/7 1812 262.7 37.7 528.9 210.4
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Table 5 Fault characteristics 0.8 - e -t T T oD
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5 C5/(TE) 12 C5/(TH) 0,65 T CassA
6 c2/Cl 13 (C2+C4)/(TH)
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Fig.4 Feature contribution rate
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Table 6 Feature extraction results of KPCA

ES % LERNR(EN TTHRE/ % Rtk R/ %
1 6.31 36. 82 36. 82
2 5.63 19.96 56.78
3 4.75 12. 40 69.18
4 3.94 10. 62 79. 80
5 3.39 6.58 86. 38
6 2.68 5.45 91.83
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Fig.5 Function optimization curve

WES Fizs, WOA B R I8 A Ak P ik 1) 2, i
% 48 YE BN SCIR A, HLaE B B (A e (K ; GWO Bk 4K
WOA S35 N BB A T Tt e 2838 By FE o 0. 877 ,{H
AR 75 A B BBCIRZS 5 SSA B 5 GWO B vk 1
AR T, AR 37 Yk BN SICIRZS | R 438 1 B
0. 863 ;111 CGSSA WS B e e, Ak AR 23 Wk B84
ARZS, HIE R EE 3] 0. 935, DBl A ST CGSSA 78
WSS N 4 SRy SR TR A 3 PR T LA
3.3 AEEBSELERIILE

P23 CGSSA DAk 5 2 8 A 3] s 1R 1) 455 8 s
AT YNGR, 5 TR0y e b bR 25 15 0000 4 vl 552 B o B )
BE YA TRE b, S0 AR AR () 43S mf e

XF . GWO-KELM , WOA-KELM | SSA-KELM | CGSSA-
KELM 4 FR1 20 36k TEC 28 TFAR i e 45 3 48 1) 11
SE 2R, R IR AE 3R 70 41 DGA i B B4 28 0t
KPCA b3S i A L id 4 28I 2R b A a5 A0 v R 1 7 i e
A2k, MERLRBIZE R NE 6 ~9 Aras , BRI SR R ) v
WaR R 7 iR,

K7 AEAFEHFEIRANE R

Table 7 Comparison of fault identification

results of different methods (%)
A : l’ﬂl‘%ﬁ%ﬂﬂ?’%ﬁ% -
WOA-KELM GWO-KELM  SSA-KELM CGSSA-KELM
N-C 85.7 85.7 100 100
LE-D 83.3 91.7 75 91.7
L-T 100 100 100 100
HE-D 60 66.7 80 93.3
H-T 66.7 83.3 66. 7 94. 4
LM-T 71.4 100 71.4 100
M-T 100 100 100 100
PR R 75.7 85.7 80.0 95.7

& 6~9 Al 45, 7F 70 26 2053 KPCA Jg IR B ds
mh CGSSA-KELM 1EBf TR () 25 FE 28 i B %k 67 4,
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Fig. 6 WOA-KELM classification results

1

IS

6 1 0 1 0 0 0 [75.0%
8.6% | 1.4% | 0.0% 1.4%  0.0% 0.0%  0.0% |25.0%

1 1 0 0 0 0 0 [91.7%
1.4% 15.7%) 0.0% 0.0%  0.0% | 0.0% 0.0% |8.3%

0 0 6 1 0 0 0 [85.7%
0.0% |0.0% 8.6% 1.4% 0.0% | 0.0% 0.0% |14.3%

0 0 0 10 2 0 0 [83.3%
0.0% | 0.0% | 0.0% 14.3% 2.9% | 0.0% 0.0% |16.7%

0 0 0 1 15 0 0 [93.8%
0.0% | 0.0% | 0.0% | 1.4% 21.4%| 0.0% 0.0% | 6.3%

0 0 0 1 1 ¥ 0 [77.8%
0.0% | 0.0% | 0.0% 1.4% | 1.4% 10.0% 0.0% |22.2%

7 0 0 0 1 0 0 5 [83.3%
0.0% | 0.0% | 0.0% 1.4% | 0.0% 0.0% 7.1% |16.7%

85.7%|91.7%| 100% (66.7%|(83.3%| 100% | 100% |85.7%
14.3%| 8.3% | 0.0% |33.3%|16.7%]| 0.0% | 0.0% [14.3%

1 23 4 5 6 7
BHIVIES

K17 GWO-KELM 43264558
Fig.7 GWO-KELM classification results
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Fig. 8 SSA-KELM classification results
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Fig.9 CGSSA-KELM classification results
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