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Fault diagnosis of analog circuits based on optimal matrix disturbance analysis

Tan Enmin  Shen Yanfei

(School of Electronic Engineering and Automation, Guilin University of Electronic Technology, Guilin 541000, China)

Abstract: In the existing algorithm for fault diagnosis in analog circuits, artificial intelligence-based fault diagnosis algorithms require a
large amount of training data and long training time, making it difficult to achieve parameter identification. Traditional circuit analysis
methods require multiple test points and involve complex calculations. Based on this, a fault diagnosis algorithm for analog circuits based
on optimized matrix perturbation analysis is proposed. Firstly, the Laplace operator is used to convolve the output response matrix of the
tested circuit, thereby enhancing the perturbation pattern between matrix elements and circuit component parameters. Secondly, the trace
and spectral radius of the matrix are selected as fault characteristics, and a matrix model is established using this perturbation pattern.
Then, an improved diagnostic algorithm is used to verify examples in Sallen_Key bandpass filter circuits and leapfrog low-pass filter
circuits. The results show that with only one test point, the proposed method can achieve parameter identification of faulty components.
The fault diagnosis rate reaches 100% , with parameter identification error controlled within 1%, and computation time controlled at
millisecond level. Therefore, this method is easy to implement for online testing and suitable for situations requiring high accuracy in
fault localization and precise parameter identification.
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Fig. 1  Distribution of trace and spectral radius
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Table 1 The value of some parameters

in the diagnosis process

28 aEI(R)  &F2(Ry)  AMFE3(R,) AR 4(C)
a; 0.934 3 1.213 4 -3.226 0 -0.4415
b -4.170 3 -4.645 6 11.967 3 0.459 2
c 6.561 0 6.386 9 -15.649 0 4.057 2
d; -1.628 2 -1.256 9 8.599 5 -2.3796
qa 0.504 1 0.2156 -4.479 4 -0.380 0
b’ -2.1919 -0.899 7 16.791 1 0.427 9
G 2.960 6 1.405 5 -22.330 4 3.6190
q 1.588 2 2.139 4 12.873 5 -0. 806 8
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wm SRE—l O BEREN SERR PERIRZE/% || #E SRE—E WMEsEs SEHA HERIR 2/ %
R, 0.70 R, 0. 699 85 -0.015 R, 0. 70 R, 0. 699 35 -0. 065
R, 0.73 R, 0.730 25 0.025 R, 0.73 R, 0.731 30 0.130
R, 0.76 R, 0. 760 45 0. 045 R, 0.76 R, 0.762 15 0.215
R, 0.79 R, 0.790 55 0. 055 R, 0.79 R, 0.792 25 0.225
R, 0.82 R, 0. 820 45 0. 045 R, 0.82 R, 0. 821 80 0. 180
R, 0.85 R, 0. 850 30 0.030 R, 0.85 R, 0. 850 95 0. 095
R, 0.88 R, 0. 880 05 0. 005 R, 0.88 R, 0. 879 90 -0.010
R, 0.91 R, 0.909 75 -0. 025 R, 0.91 R, 0. 908 80 -0.120
R, 0. 94 R, 0.939 35 -0. 065 R, 0.94 R, 0.937 90 -0.210
R, 0.97 Te 0.968 95 -0. 105 R, 0.97 Teifc ks 0.967 25 -0.275
R, 1.00 ek b 1. 000 20 0.020 R, 1.00 Teif ks 1..000 20 0. 020
R, 1.03 ek 1.027 65 -0.235 R, 1.03 Teif ks 1.027 30 -0.270
R, 1.06 R, 1. 055 45 -0. 455 R, 1. 06 R, 1.058 15 -0.185
R, 1.09 R, 1.091 40 0. 140 R, 1.09 R, 1.089 45 -0.055
R, 1.12 R, 1.119 65 -0. 035 R, 1.12 R, 1.121 20 0.120
R, 1.15 R, 1.149 25 -0.075 R, 1.15 R, 1.153 00 0. 300
R, 1.18 R, 1.179 25 -0.075 R, 1.18 R, 1. 184 45 0. 445
R, 1.21 R, 1.209 40 -0. 060 R, 1.21 R, 1.215 15 0.515
R, 1.24 R, 1.239 60 -0. 040 R, 1.24 R, 1.244 50 0. 450
R, 1.27 R, 1.269 85 -0.015 R, 1.27 R, 1.272 10 0.210
R, 1.30 R, 1.300 10 0.010 R, 1.30 R, 1.297 75 -0.225
R, 0.70 R, 0. 699 65 -0.035 c, 0. 70 c, 0.700 10 0.010
R, 0.73 R, 0. 730 60 0. 060 C, 0.73 c, 0.729 85 -0.015
R, 0.76 R, 0.761 00 0. 100 C, 0.76 c, 0.759 75 -0.025
R, 0.79 R, 0.791 05 0.105 C, 0.79 c, 0.789 75 -0.025
R, 0.82 R, 0. 820 85 0. 085 C, 0.82 c, 0. 819 80 -0. 020
R, 0.85 R, 0. 850 50 0. 050 C, 0.85 c, 0. 849 90 -0.010
R, 0. 88 R, 0. 880 05 0. 005 C, 0.88 c, 0. 880 00 0. 000
R, 0.91 R, 0. 909 50 -0. 050 C, 0.91 c, 0.910 10 0.010
R, 0.94 R, 0.939 10 -0. 090 lo8 0.94 c, 0.940 15 0.015
R, 0.97 ek 0. 968 80 -0.120 C, 0.97 Teik b 0.970 20 0. 020
R, 1. 00 ek 1. 000 20 0.020 C, 1. 00 Toik b 1..000 20 0. 020
R, 1.03 Te 1. 028 80 -0. 120 C, 1.03 Toik b 1. 030 20 0. 020
R, 1.06 R, 1.059 15 -0. 085 o8 1. 06 c, 1.060 10 0.010
R, 1.09 R, 1.089 70 -0. 030 C, 1.09 c, 1..090 00 0. 000
R, 1.12 R, 1. 120 40 0. 040 C, 1.12 c, 1.119 95 -0. 005
R, 1.15 R, 1.151 20 0.120 C, 1.15 c, 1. 149 85 -0.015
R, 1.18 R, 1.181 80 0.180 C, 1.18 c, 1.179 75 -0.025
R, 1.21 R, 1.212 15 0.215 C, 1.21 c, 1.209 75 -0.025
R, 1.24 R, 1.242 00 0.200 C, 1.24 C, 1.239 75 -0. 025
R, 1.27 R, 1.270 95 0. 095 C, 1.27 c, 1.269 90 -0.010
R, 1.30 R, 1.299 00 -0.100 C, 1.30 c, 1.300 10 0.010
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Table 3 Comparison of diagnostic effect
of different methods
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Table 4 Comparison of diagnostic effect
of different methods

WH  HERE/ ms WEEN % SEFHN KPHNIRE %

SCHR[16] 107 98.5 [ 1.72
AR 134 100 fie 0.98
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Fig.4 Leapfrog low-pass filter circuit
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Table 5 Comparison of diagnostic
effect of different circuits
WH RS EEE/ms WRRE N % e KPHERIR 22/ %
Sallen_key 1 144 100 0.515
Leapfrog 1 134 100 0.98
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