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Fault parameter estimation of analog circuits using the decomposed
multi-objective evolutionary algorithm MOEA/D based on logarithmic
distribution reference points LDRP

Yang Chenglin, Zhang Qihao, Wang Hao
( University of Electronic Science and Technology of China ,Chengdu 611731, China)

Abstract: With the increase of working time, the health status of analog circuit declines. The faulty parameter estimation in early fault
state can accurately evaluate equipment health state and provide reference for fault prediction. Based on the transfer function of the
circuit and the measured fault response, the possible fault parameters can be inversely derived. Due to the influence of tolerance, the
same fault response can be generated by many parameter combinations. This article transforms the fault parameter estimation problem into
a multi-objective optimization problem through mathematical analysis. In view of the problems of the huge difference in the optimization
objective scale and the difficulty in generating a reasonable weight vector, it proposes to guide the population evolution based on the
logarithmic distribution reference point and proposes a logarithmic distribution reference point-based decomposition multi-objective
evolution algorithm. This method can accurately and stably find the optimal solution of the fault parameter estimation problem. Through
simulation of the jump filter circuit, it is verified that as the tolerance increases, the parameter range becomes wider, and the maximum
standard deviation is only 18.616 . In terms of time efficiency, there is no significant difference in the running time of 12 fault
instances with three different tolerances, and the average running time is 0.7 s. The correctness and robustness of the algorithm are
verified by experiments, and compared with other multi-objective evolution algorithms in the forefront of this direction, the method
proposed in this article is more accurate than the bi-objective evolution algorithm by 2~ 3 orders of magnitude in terms of accuracy, and
has a wider fault interval than the method proposed by Tadeusiewicz, which verifies the higher accuracy and effectiveness of the method
proposed in this article, reflecting the superiority and reliability of the method proposed in this article.
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5002 1.273  22.01  0.961 13.403 4.985 under different coordinates
15.4 16. 62 14.82 17.264 13.711 18.616
16 nF
0. 001 0.002 0.003 0.002 0.001 0.018
23.105 24.938 22.252 25.925 20.675 28.056
C, 24 nF
0.002  0.005 0.002 0.006 0.009 0.004
28.793  31.28 27.647 32.64 25.537 35.6006
30 nF
0.006 0.003 0.004 0.002 0.005 0.02

R2 ZRREEESHMAITER

Table 2 Estimation results of actual circuit fault parameters

IR RS KQ pl/Q pu/Q
8 7368 8 846

R, 15 13 283 17 549
20 17 052 24 180

8 7443 8 817

R, 15 13 545 16 926
20 17 389 23 284

XFFIRSCL 4] TS 2, A 5 W AR SO 2
(77 1 HAT S B SRR DX RIS L, o, %) 3% 3 v,
R*=8 kQ [ 15 BL, A 3CJ7 5 52 9045 B 5 B X e

B8 SChrBb R I i i
Fig. 8 Actual hop-coupling filter circuit
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Table 3 Comparison of circuit fault parameter estimation results (1)
MOEA/D-LDRP k2
(B4Rl [ 0] Ak
rl pu pl pu
5k 4616 5397 4 653 4703 5 340
8 k 7 301 8 802 8 434 7 926 8 366
R, 12 k 10 792 13 724 11 358 11 943 12 983
15 k 13 272 17 663 13 533 14 345 15 450
20 k 17 192 24 548 20 453 18 478 22 768
5k 4738 5463 4 987 4790 5321
8 k 7 480 8 875 7 859 7 853 8 337
R, 12 k 10 999 13 606 12 673 11 459 12 499
15 k 13 523 17 274 16 851 14 459 15 438
20 k 17 528 23 390 22 687 18 542 21 798
5k 4209 5 867 4 365 4 389 5 603
8 k 6932 8 990 7 459 7 983 8 125
R, 12 k 10 680 13 067 11 564 11 979 12 443
15 k 13 564 16 191 14 256 14 368 15 524
20 k 18 361 21 524 21 788 19 032 21703
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Table 4 Comparison of circuit fault parameter estimation results (2)
SR S MOEA/D-LDRP k3 ka4
B pl pu pl pu pl pu
. 4625 5423 4618 5437 4 681 5386
1.68x1077 1.12x1077 6.81x107* 6.74x107* 5.54x107° 1.09x107*
- 7284 8 816 7276 8 826 7333 8 803
1.14x1077 2.79x1077 6.07x107* 5.40x107* 3.91x107° 9.38x107°
R bt 10 709 13 646 10 710 13 673 10 894 13 571
? 3.98x1077 1.82x1077 4.47x107* 6.29x107™ 7.36x107° 7.12x107°
. 13 143 17 529 13 179 17 554 13 239 17 661
15
5.37x1077 5.77x1078 5.08x107* 6.48x107* 1. 12x10™* 1. 13x107*
0L 16 961 24 416 17 068 24 447 17 181 24 460
1.53%1078 9.41x107* 1.70x107* 4.38x107™* 3.95%107° 1.81x107°
. 4 663 5373 4 659 5 386 4695 5 348
6.60x107® 4.97x107* 7.82x107* 7.38x107* 4.61x107° 3.22x107°
§ 7 367 8726 7 351 8 741 7 384 8 694
8
9.64x107% 4.32x107% 6.15x107* 7.95x107* 2.73x107° 2.46x107°
R bt 10 849 13 395 10 837 13 398 10 915 13 312
’ 6.64x107® 3.35x107% 6.51x107* 6.35x107 1.89%107° 4.36x107°
i 13 365 17 038 13 614 17 047 13 573 16 822
15
3.95x107% 7.83x1078 6.39x107* 6.10x107* 3.35%x107° 1.29x107*
0L 17 378 23 386 17 438 23 410 17 565 23 026
5.72x1078 1.09x1077 6.21x107* 7.78x107* 5.77x107° 6.47x107°
0 9.061 10. 98 9.035 11.01 9.110 10. 886
6.45x107% 5.07x1078 7.92x107* 6.67x107* 3.75%107° 8. 87E-06
. 14.82 17.26 14. 81 17.28 14.91 17. 12
1
1.04x1077 1.16x1077 7.10x107* 5.78x107* 5.16x107° 4.55%107°
c 2 22.26 25.91 22.27 25.91 22.85 25.20
’ 2.33%1077 2.39x1077 5.50x107* 6.29x107 7.13x107° 2.32x107*
» 27.67 32.63 27.68 32.65 29.26 32.08
2.57x1077 1.63x1077 5.62x107* 6.96x107* 3.93x107° 3.64x107°
0 36. 66 43. 66 36. 66 43.68 36. 74 43.38
9.71x107% 7.67x107% 6.53x107* 6.93x107* 5.62x107° 6.89x107°
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