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Abstract:In order to efficiently test and high speed diagnose analog circuits, a new analog circuit fault diagnosis method based on LMD
multi-scale entropy and extreme learning machine is proposed in this paper. First, the fault signal is decomposed into several production
functions by LMD. Then, the multi-scale entropy of each PF component is worked out and fault feature vectors are constructed. Finally,
the fault feature vectors are feed into the extreme learning machine to train and test. The simulation results show that the diagnosis time
only needs 0.028 74 s, and the accuracy of fault diagnosis can achieve 98. 89% . Compared with other three ways, the method can
effectively reduce the diagnosis time and improve the accuracy of fault diagnosis.
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Table 2 The multi-scale entropy of PF,

MSEPFI(IO) MSEPFI(IS) MSEPFI(ZO)
F1 0.371 6 0.487 4 0.298 7
F2 0.548 9 0.466 8 0.1995
F3 0.249 1 0.2856 0.4857
F4 0.547 9 0.596 7 0.4457
F5 0.286 5 0.269 3 0.337 1
F6 0.374 2 0.3617 0.348 9
F7 0.0119 0.2410 0.6150
F8 0.9357 0.691 5 0.544 5
9 0.3372 0.350 8 0.104 3
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Table 3 The multi-scale entropy of PF,

MSE pps 10 MSE ppy 15 MSE ppy 20
F1 -0.0719 -0.508 9 1.379 6
F2 0.046 4 2.196 5 0.064 2
F3 0.0150 0.020 8 0.028 3
F4 0.203 8 0.371 0 1.456 9
k5 0.074 8 -0.2830 0.376 2
F6 0.469 3 1.365 6 0.3240
F7 0.014 6 0.037 5 0.027 7
F8 -0.509 4 0.483 2 -0.3223
F9 0.051 6 0.3525 0.882 7

&4 PF,HIZREM
Table 4 The multi-scale entropy of PF,

MSEI’I*B(]O) MSEI’I"B(IS) MSEI’I'B(ZU)
F1 0.254 4 0.226 0 0.179 4
F2 0.258 9 0.210 1 0.162 8
F3 0.3326 0.126 9 0.054 2
F4 0.256 2 0.228 7 0.127 3
F5 0.2850 0.189 0 0.107 0
F6 0.248 8 0.242 2 0.043 3
F7 0.364 5 0.208 6 0.085 8
F8 0.252 0 0.188 6 0.199 7
F9 0.289 8 0.228 0 0.179 3

x5 9 MEBRSHEES

Table 5 Energy characteristics of 9 circuit states

E(PF,) E(PF,) E(PF3) E(R)
F1 144.990 8 963.648 9 32.9320 1.989 1
F2 141.770 2 905.3350 34.7129 2.6355
F3 143.700 0 1190.20 0 30.700 0 3.700 0
F4 165.600 0 1582.300 62.600 0 4.700 0
F5 96.9193 0 305.386 3 9.223 80 0.77717
F6 141.000 0 1 290.700 58.800 0 6043.8
F7 120. 462 7 391.884 6 10.562 8 0.950 3
F8 86.33770 813.3799 27.791 0 4.960 9
F9 363.400 0 1 160.700 37.800 0 2.700 0
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