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Fault diagnosis of analog circuits based on Random Forest algorithm
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Abstract: In order to improve the diagnostic rate of analog circuit parametric fault, a new fault
diagnosis method based on multi-feature extraction and Random Forest(RF) algorithm is presented. By
combining the time domain and frequency domain feature vectors for multi-feature vector data to reflect
different faults, the decision is made by RF algorithm, the number of decision tree and candidate feature
vectors are optimized. The fault diagnosis experiment results show that the proposed method can better
realize analog circuit fault diagnosis, and shows a better classification performance compared with Support
Vector Machine(SVM) method, and compared with wavelet(packet) feature extraction method, the multi-
dimensional data feature extraction is simplified for online fault diagnosis.
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Fig.1 Fault diagnosis process of analog circuit
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Table1 Four-op-amp high pass filter circuit fault codes and types
fault code Fo F, F, F; Fy Fs Fe F; Fy Fo Fio Fii Fi
fault type normal Rit Ril R1 Ryl Rit Rsl Ril Rql Cit Cil (&%) Gl
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Table2 Partial fault characteristic data

t/us t/us ty/us U,/vV U,V fo/MHz An/V fu/MHz
Fo 2.4559 20.361 2 316.2254 0.646 140 -0.544 30 18.286 0 1.9479 6.727 6
F 2.368 0 22.494 1 362.667 7 0.714 766 -0.421 82 18.736 4 3.1497 6.419 1
F, 1.973 1 17.758 5 130.229 8 0.501 883 -0.080 41 17.625 8 1.192'5 7.068 3
Fs 2.724 8 23.8420 294.959 1 0.731 022 -0.270 88 229615 2.490 0 1.989 6
F, 2.043 6 16.348 8 335.831 1 0.529 521 -0.312 11 11.4147 1.5615 13.0103
Fs 2.8572 19.428 6 308.000 0 0.400 000 -0.181 48 16.607 9 1.4142 8.5025
Fs 45351 209751 349.773 2 1.334 700 -0.623 66 25.0167 41631 0
F; 1.714 3 20.000 0 305.714 3 0.537 463 -0.201 59 19.778 5 1.6549 5.5792
Fg 3.4013 18.707 5 356.009 1 0.901 967 -0.505 99 16.037 6 2.662 7 9.199 4
Fo 4.001 2 24.571 4 446.2857 0.518 891 -0.289 26 19.994 1 2.4659 52377
Fio 3.4013 16.4399 134.920 6 0.924 916 -0.271 11 13.0337 13576 11.5251
Fu 1.973 6 19.731 6 268.350 4 0.522 127 -0.189 90 19.463 5 1.5867 54919
Fi, 2.834 4 18.140 6 315.1927 1.001 300 -0.620 20 14.571 1 3.020 7 10.264 2
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Fig.5 Relation between classification accuracy and number of eigenvectors Fig.6 Relationship between classification accuracy and decision tree
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Table3 Classification accuracy of RF(%)
Fo Fi F Fs Fs Fs Fe F Fy Fo Fio Fi Fi
accuracy 100 100 100 100 100 100 100 95.24 100 100 100 96.15 100
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