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Research on pantograph-catenary arc fault detection based on Markov
transition field and improved dream optimization algorithm
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Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract : Pantograph-catenary pantograph-catenary arc faults pose a serious threat to the safe operation of trains, and the accurate
identification of such faults is crucial for ensuring the reliability of railway power supply systems. Aiming at the problems that traditional
methods have low recognition accuracy under complex working conditions and are difficult to balance the extraction of temporal and
spatial features, this paper designs a pantograph-catenary arc fault detection method based on the Markov transition field (MTF) and an
improved dream optimization algorithm. First, the original current signal is denoised by robust empirical mode decomposition. The
signal-to-noise ratio of the denoised signals under four working conditions is all above 36 dB, and the correlation coefficient is greater
than 0. 985, which preserves the fault transient characteristics to the greatest extent. Then, the one-dimensional time-series signal is
mapped into a two-dimensional feature matrix using MTF, and a dual-branch architecture combining DarkNet19 and Gated Recurrent
Unit is constructed to extract deep visual features and temporal dynamic features respectively, realizing multi-modal information
complementarity. Furthermore, the improved dream optimization algorithm is introduced to adaptively optimize key parameters such as
learning rate and the number of GRU neurons. Meanwhile, the multi-head self-attention mechanism is optimized, and redundant
information is suppressed by L1 sparse regularization and an adaptive dynamic scaling factor for redundancy. In addition, transfer
learning is integrated to break through the limitation of scarce fault samples. Experimental results show that the proposed model achieves

a fault detection accuracy of 99. 58% under four different working conditions, with precision and recall both exceeding 99. 5%. Compared
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with six comparative models including SVM, 1D-CNN and ResNet, the accuracy is improved by 3.75% ~ 6. 67%. In the anti-noise

interference experiment, the detection accuracy of the denoised signal is 6. 71% higher than that of the noisy signal. It exhibits stronger

robustness and provides an effective technical solution for the accurate diagnosis of pantograph-catenary arc faults.
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Fig.2 Strategies for transfer learning
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Table 1 Performance comparison of optimization algorithms

RRIET Lo IDOA DOA A0O SGA WMA DE
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Fl brifEZE 2.119 4x107"° 0.010 8 3.476 5x107* 0.002 2 2.524 5x1077 2.022 0x107*
FHIE 9.478 6x107"" 0.062 6 3.736 8x107* 0.001 2 2.089 8x1077 5.539 2x107*
A 6.341 6x107 0. 065 7 0.002 9 0.007 4 0. 005 4 0.001 6
F2 bRz 1.936 7x10™# 0.020 4 0.005 2 0.040 9 0. 866 2 5.691 4x107*
S 1. 115 4x10™ 0.094 3 0.007 3 0.035 2 0.404 3 0.002 2
S YRl ~1.256 9x10* -1.197 7x10* -8.142 8x10° -9.525 8x10° -9.332 0x10° -1.065 2x10*
F8 bRz 1.946 1x10° 105. 890 0 889.192 7 1.001 5x10° 1.931 7x10° 463.302 2
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F12 FRifEZE 6.1114x10710 3.408 8x107° 8.240 2x107° 0.292 6 6.074 7 1.884 3x107°
EHIE 1.201 5x107° 1.132 9x107™* 2.367 3x107* 0.3220 3.1512 4.213 5x107°
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Fig.8 MTF-IDOA-DarkNet-GRU-MSA fault detection model
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Table 2 Slide and contact wire physical parameters

e AR M o -2
B/ (%10 kg-m™) 3.4 8.9
R/ (nQ-m) 12.32 0.017 5
PEN(Wem ™K 15 380
ey (Jokg™ KT 660. 2 380
fifi B (HRD) 56.7 96.2
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Table 3 Chemical composition of copper-impregnated
carbon sliding plates

W2y BR(C)  Hil(Cu)  BY(Pb)  BR(Fe) HiAl
T/ % 86. 24 3.0 7.1 1. 46 2.2

A 3 RS R |V Sl R R L R AREADUAN [
T, LT 4 A SIS RN ER 4 R, R SRR R
1247 10 min, RAEMR N 10 kHz , S 2R EIEH 2S5 8
IZFARE TR TE S5 10 T4,

Fd4 THEH

Table 4 Experimental conditions

T FEMETI/N  WEEhEE/ (km-h™") e L i/ A
1 70 30 85
2 70 50 85
3 70 50 110
4 100 50 85
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Fig. 10  Pantograph-catenary current under four working conditions
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Table 5 Signal denoising evaluation metrics under

different operating conditions

T SNR/dB RMSE PSNR/dB CC
1 38.12 0.018 7 43.26 0.989 3
2 37.56 0.0195 42.89 0.987 6
3 36. 89 0.0213 42.15 0.985 4
4 39.31 0.017 2 44.03 0.991 2
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Fig. 11 REMD decomposition results
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Fig. 12 Comparison of signal denoising effects
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Fig. 13 Accuracy iteration curve
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Fig. 15 Confusion matrix after denoising
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Fig. 16 Prediction results of the test set
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Fig. 17  Confusion matrix without noise reduction
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Table 7 Performance comparison of ablation experiments

WERZWRE R/ % KR/ % BRE/% Fl 48
BBk MTF 94.18 93.70 94. 00 93.85
Bk IDOA 97.15 97.03 97.21 97.12

% DarkNet19 95. 42 95.25 95.55 95. 40
%k GRU 96. 83 96. 71 96. 69 96. 70
Bk MSA 98.33 98.36 98.30 98.33
AR SCHE A 99. 58 99. 62 99. 55 99. 58
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Fig. 19  Model test results
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