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Intermittent fault severity recognition method for
electronic systems based on LSTM

Li Sheng Deng Jiangyun Zhou Xinglong Li Yuxiao Xu Feiyang

(School of Science, Jiangxi University of Science and Technology, Ganzhou 341000, China)

Abstract: The accumulation of intermittent faults will cause the deterioration of the health of the electronic system. Correctly identifying
the severity of intermittent faults can ensure the safe operation and reduce maintenance costs of the electrical systems. However, it is
difficult to extract intermittent fault features accurately, which leads to the failure of traditional identification methods. This paper
proposes a method for identifying the severity of intermittent faults based on LSTM network. First, the intermittent faults are injected into
the electronic system to obtain sufficient training data of different severity. Then use these data to train the classifier which is constructed
by LSTM network and the softmax fully connected layer network. Finally, by injecting faults into typical circuits and using the trained
LSTM network to identify the severity of intermittent faults, the experimental results prove the effectiveness and feasibility of the method.
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Fig. 1  Electronic system pad oxidation process
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Fig. 4 Measured intermittent contact resistance changes
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Fig. 5 Intermittent resistance fault model
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Fig. 8 Fully connected layer network structure
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£3 ETFTLSTM KA ECG BEIRFIZER (LW 1)
Table 3 Recognition results of ECG circuit based
on LSTM network ( Experiment 1)

L1 L2 L3 L4 L5 L6 L7 L8
L1 50 1 1 - - - - -
L2 - 45 1 - - - - 4
L3 - 4 46 3 - - - -
14 - - 2 46 1 - - -
L5 - - - 1 48 - - -
L6 - - - - 50 - -
L7 - - - - - 50 -
L8 - - - 1 - - 46
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Table 4 Recognition results of ECG circuit based
on LSTM network ( Experiment 2)

L1 L2 L3 L4 L5 L6 L7 L8

L1 50 1 3 - - - - -

L2 - 44 2 - - - - 3
L3 - 5 45 3 - - - 1
L4 - - - 47 1 - - 1
L5 - - - - 48 1 - -
L6 - - - - - 49 - -
L7 - - - - - - 50 0
L8 - - - - - - - 45
4.2 XfERB SRS
AT LT LSTM 9 2% 8 PERE , F1I I SCHik[ 19

Tk Sok A 420 /N I AR 3 (wavelet transform, WT)
B 3 2/ 2 5 B /NI RE AR S FERF AL, R 52
F1a L (support vector machine , SVM ) X il i FE AR 47
5326 . RISk AR FR 27 > Bl ( extreme learning machine,
ELM) Pk 43 2 S XRE A R AE HE 17 43 U0, JF Lo ¢
PIFP 5 EA0R b ELM Bass 2 i 8t i & 4 500,

1) XF LS5 1 ) FH /0N il 728 6 — 545 1) i BIL (WT-
SVM) J7 ik U AR AN 5.6 BT

x5 ET WT-SVM i ECG BBERIRFIZER (K 1)
Table 5 Recognition result of ECG circuit based
on WT-SVM ( Experiment 1)

L1 L2 L3 L4 L5 L6 L7 L8

L1 50 1 5 - - - - -
L2 - 41 5 - 1 1 - 3
L3 - 4 37 2 - 1 - 1
L4 - 1 - 39 5 4 4 3
L5 - - - 1 40 3 3 -
L6 - 2 2 1 3 38 2

L7 - 1 - 7 1 1 40

L8 - - 1 - - 2 1 37

F6 ET WI-SVM K ECG BRI R (L1 2)
Table 6 Recognition result of ECG circuit
based on WT-SVM ( Experiment 2)

L1 L2 L3 L4 L5 L6 L7 L8

L1 50 1 3 - - 1 - -
L2 - 47 7 1 - - 1 2
L3 - 2 30 1 7 - - 1
14 - - 5 42 2 - - 2
L5 - - - 4 38 2 - 1
L6 - - - - 1 40 - 5
L7 - - 3 - 1 2 41 7
L8 - - 2 - 1 5 8 32

2) X LS 2 I /0N AR e — A BR = T BIL (WT-
ELM) 77 ik B S5 RN 7 .8 s .

®7 ET WT-ELM K ECG BEIRFIZER (£ 1)
Table 7 Recognition result of ECG circuit
based on WT-ELM ( Experiment 1)

L1 L2 L3 14 L5 L6 L7 L8

L1 50 1 6 1 6 - 2 -
L2 - 41 2 - 2 3 1 3
L3 - 4 32 - - 1 2 1
14 - 1 4 44 4 - 2 3
L5 - - 4 5 34 3 3 -
L6 - 2 1 3 40 2 2
L7 - 1 - 1 4 37 4
L8 - - 1 - 1 1 37

#£8 ETF WT-ELM #) ECG HEiRFIE R (XK 2)
Table 8 Recognition result of ECG circuit based
on WT-ELM ( Experiment 2)

L1 L2 L3 L4 L5 L6 L7 L8
L1 50 1 3 - - - - -
L2 - 33 - 2 2 6 1 1
L3 - 3 20 3 4 2 1 4
L4 - - 7 37 5 4 3 2
L5 - 4 8 4 31 4 3 3
L6 - 3 6 2 1 23 6 8
L7 - 1 4 2 5 6 28 5
L8 - 5 2 - 2 5 8 27
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Table 9 Comparison of recognition

results of different methods
YU 7 i LST™M WT-SVM
P45 95.25% 80.25%

WT-ELM
65.50%

3) AT YNGR AR it i U i

PLECG J e h v i Ay a1, foft P T B i e A B4
A NG AR B A e B 50 2/ ™ AR
60 ZH /il P = R B 70 ZH /i T R R L 80 4/ b
FEEFERE 90 /Bl E AL 100 41/ 5k R Y
YIZREE | R AR (B AR SR R 50 41/ e e ™ = i
BE A T R R R, 58] LSTM (A SCR A Y
JrEE) WT-SVM Al WT-ELM 4 2 591 5 Bt 1] 25 4% A 85 i
H AR & 14 Fs

100 ¢

-8 o
95"'-— ~ e g———@—~—~"
—e— WT-ELM
\‘,90’ -0~ WI-SVM
™ -0 LSTM
# 85+
g . .
g mmmp-—=——@——"@ =g~
D:,éso
=
75
70
65 : - - . .
50 60 70 80 90 100
VI ZRAE A B B

Bl 14 T XA R 1 St £

Fig. 14 Method sensitivity curve to sample size
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Fig. 15 Comparison of normal samples and

incomplete samples with noise
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Fig. 16 Recognition results of test samples in the

presence of environmental noise and missing data
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