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Research on a sort of fault diagnosis method of analog circuit
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Abstract: This paper presents a method for fault diagnosis of analog circuit based on the combination of wavelet packet
transformation and neural network(NN),which uses the characteristics of packet coefficients changes when circuit fault happened and
the nonlinear approximation of NN network. Firstly, it gets output voltage signals at normal and fault state separately.Then those
signals are translated by Haar wavelet theory,and the normalized energy of packet coefficients differences is used at different

frequency bands to get fault features vector.The NN model is trained by those features vector.Finally,the simulation result shows the

method has good effect.
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Fig.1 Sketch map of three-layer wavelet packet

decomposition
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Fig.2 Topological structure of single hidden layer BP NN



_56- Y ERAEY B

o T T ———
2 RBUAREIE S R A R 1, A5 FE g 8t

U 3 PR, LREER T ks B, 15 MRS LR (), 3t 16 FT
s UM ) R SB h BE, IR PR,

R8 R1®
R3(2200) 440 R15(1800) 520
R4(1570) R16(4840)
C1(0.01u) C3(0.01u)
—— R7 c2 gﬂ
10000 0.01u
R1 | L pL . P
— + > s
8l 2 ol B2 2
Re 2640
1. R10
10000
RS
100000 1000
R6 Ri3
11100 1000 111100

B 3 By 03z AUk 8% B (B iR =8
Fig. 3 The two-stage four-op-amp biquad low-pass filter
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Tab.1 The normal and fault values of fault classes used for the circuit

TS EX¥E R LSS EXE o
C1 001uF 0.051uF R22 2320Q 7000Q
C2 001uF 002uF R3 2200Q 5000Q
C3 001uF 00481 F R4 1570 Q 600 Q
C4 001uvF 0.031uF R6 10000 Q 16 500 Q
R16 1800Q 7800 Q R7 10 000 Q 5500Q
R17 4840Q 1600 Q R8 440 Q 2200Q
R19 10 000 Q 30000 Q R9 2640Q 4300Q
R21 10 000 Q 3750Q

®2 BoilgGREx
Tab.2 Part of the training samples

% 1 8
EB0) E@31) EB2) EGJ3) EGA) E@BS5) EGB6) E@G7)
NF 0.903 3 v0.059 0.018 0.008 2 0.004 9 0.003 3 0.0016 0.001 6
C1 0.9827 0.014 0.002 3 0.000 3 0.000 5 0.000 1 0 0.0001
C2 09176 0.068 9 0.009 3 0.0006 0.002 4 0.000 2 0.000 6 0.000 4
C3 0.87 0.104 0.01 0.008 6 0.003 2 0.0029 0.0007 0.0007
C4 0.963 4 0.026 1 0.006 4 '0.001 8 0.001 8 0.0005 0 0
R16 0.783 0.1574 0.046 8 0.004 3 0.008 5 0 0 0
R17 0.8797 0.0817 0.0227 0.003 4 0.009 1 0.0011 0.0011 0.0011
R19 0.976 5 0.014 1 0.004 7 0.0018 0.0018 0.000 6 0.000 6 0
R21 09318 0.046 7 0.0117 0.004 9 0.0029 0.001 0 0.001
R22 09754 0.016 4 0.004 7 0.0018 0.0012 0.000 6 0 0
R3 0.8859 0.103 1 0.008 7 0 0.0016 0 0 0.000 8
R4 0.903 4 0.064 1 0.0162 0.0117 0.0027 0.001 8 0 0
R6 0.9557 0.028 8 0.009 2 0.0009 0.003 6 0.000 5 0.0007 0.0007
R7 0.9269 0.0527 0.0149 0.003 5 0.001 8 0.000 2 0 0
R8 09516 0.0316 0.009 4 0.004 7 0.002 0.000 7 0 0

R9 0.9241 0.036 6 0.016 1 0.012 0.0049 0.003 6 0.001 3 0.0013
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Tab.3 Actual and ideal outputs of part of test samples in network

SEBRE W
NF 0.0023 0.007 4 -0.0385 -0.013 0 0 0 0
C1 0.1246 ~0.079 6 -0.1943 0.964 3 0 0 0 1
C2 -0.031 6 -0.051 0.996 1 -0.022 5 0 0 1 0
C3 0.029 0.006 8 1.0108 1.023 6 0 0 1 1
C4 0.1108 1.0727 0.0233 0.0029 0 1 0 0
R16 -0.0113 0.926 1 0.035 09787 0 1 0 1
R17 0.0144 1.0229 1.0442 -0.024 6 0 1 1 0
R19 0.103 6 1.1 09778 09742 0 1 1 1
R21 0.9073 -0.0252 0.1084 0.144 7 1 0 0 0
R22 1.2287 -0.059 5 0.009 8 1.0513 1 0 0 1
R3 09855 0.026 2 0.967 7 -0.0009 1 0 1 0
R4 1.363 6 00111 1.156 3 0.839 1 0 1 1
R6 1.1654 0.9625 -0.007 3 -0.044 8 1 1 0 0
R7 0.884 09785 0.0392 09176 1 1 0 1
R8 1.117 0.9553 - 12001 -0.083 7 1 1 1 o'
R9 1.0313 1.0296 0.9952 1.036 9 1 1 1 1
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Fig. 4 Training error change curve of BP NN
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