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Analogue circuit fault diagnosis based on SVM optimized by IPSO
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(School of Electrical Engineering and Automation, Hefei University of Technology, Hefei 230009, China)

Abstract : In order to solve the problem that the basic particle swarm (PSO) to optimize the parameter of SVM is easy to fall into local
optimum, this paper proposes a modified classifier that uses the improved particle swarm optimization (IPSO) to optimize the parameter
of SVM (IPSO-SVM) by introducing the new dynamic inertia weight, global neighborhood search, shrinkage factor and mutation operator
of genetic algorithm. The classification result is tested by the common datasets named Iris, Wine and seeds from UCI machine learning
repository, the result shows that [IPSO-SVM classifier is better than GS-SVM, AFSA-SVM, GA-SVM and PSO-SVM classifier in terms of
classification accuracy and classification time. The better convergence ability and speed of the IPSO-SVM classifier are verified by fault
diagnosis of Sallen-Key band-pass filter, four-opamp biquad highpass filter and nonlinear rectifier circuit.
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Table 1 Sample partitioning of each dataset

" FEAR BEE NGRREAR WAREA B

(3 ZS1 &y 5y PIEN
Tris 4 50/50/50 30730730 20/20/20 HAIRERL
Wine 13 59/71/48 35/43/29 24/28/19 KAl
Seeds 7 70/70/70 40740740 30/30/30 HSIBERL

AR A5 SCHEk[ 15-17 ] P AY GS-SVM |, AFSA-SVM |
GA-SVM Fll PSO-SVM 43 25 28 A HL A 1) T v of B8 U i i
RI5p2Hs TPSO-SVM 2R3 . & R BIE IS4
BEEUT 5 P iR A 3 138 LRE R I =, 248K
C B HEI42[0.01,1000 ], 240 ¢ ML H 25 [0. 001,
100 ], % GS BikAMY 4 BV AEE RN N 2578 20,
A E K #5°8 100 ¥k, GS-SVM 4y, S8 C fil g
FIHEHE /N Cstep F1 gstep #F5 0. 05 ; AFSA-SVM 432k 4%
b i KA B Try _num Sy 5, N T804 S8R IR 25
Visual 3 2.5 , %820 Step 13 0.5, tARFRIPIHT LN 1 s
90.3;GA-SVM Zp2edinrh 2 L P, MIAEF 2 P, 415
530.7 F10. 035; fF PSO-SVM 4325 28 1 IPSO-SVM 43 2%
ferh 2SR ¢, Ao, 391 1.5 R L7 A Rk
H @, 70.9, 5/MH w,, H 0.4, W4 H 5y HHEHE K
[0.7,0.9], iX 5 Fhor2ega X Iris , Wine FiI Seeds {45 £
P A S HER S RN A0 2B (Rl AN 3R 2 i .

F2 574Nt Iris, Wine F0 Seeds $IREM DL ER

Table 2 Classifying results of five classifiers on Iris, Wine and Seeds datasets

Iris Wine Seeds
Vs el - S - — - SR,
R/ % Sy 2Rt 1a)/ % WG 2R/ % 2RI A/ s WM/ % Sy IRIE]/ s
GS-SVM 96. 666 7 143.75 87.323 9 206. 62 85.555 6 210. 64
AFSA-SVM 95 15.77 88.732 4 18.22 86. 666 7 16.97
GA-SVM 96. 666 7 3.71 87.3239 5.49 86. 666 7 3.98
PSO-SVM 96. 666 7 4.01 87.3239 5.84 85.5556 4.23
IPSO-SVM 98.333 3 3.65 88.7324 5.29 87.777 8 3.88
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Fig.2 Flow chart of analogue circuit fault diagnosis

based on IPSO-SVM
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Table 3 Fault modes of Sallen-Key bandpass filter

HOREARRD SR FRAR(E w2 B
FO NF - - -
Fl cll 5 nF 10% 2.5 nF
2 c1t 5 nF 10% 10 nF
F3 2| 5 nF 10% 2.5 nF
F4 @1 5 nF 10% 10 nF
F5 R2 | 3 kQ 5% 1.5 kQ
F6 R2 1 3 kQ 5% 6 kQ
F7 R3 | 2 kO 5% 1 kQ
8 R3 1 2 kQ 5% 4 kQ
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Table 4 The fault diagnosis results of Sallen-Key
bandpass filter

R HRAER % Sr2EETE/ s BestC BestG
SVM 89.259 3 — — —
AFSA-SVM 96.296 3 128.55 817.6219  69.399 9
GA-SVM 97.037 18.61 834.934 99.173 5
PSO-SVM 96. 666 7 19.24 813.316 6  92.594 7

IPSO-SVM 97.407 4 18.32 979. 166 4 90. 64
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Fig.4 Classifying results of the four classifiers in the Sallen-Key bandpass filter
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Fig.5 Four-opamp biquad highpass filter circuit
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Table 5 Fault modes of four-opamp biquad highpass filter

MRS R PR KE/ % [
FO NF — — —
F1 c11 5aF 10 10 nF
2 cll 5aF 10 2.5nF
F3 c2 1 50F 10 15 nF
T4 @2l 5 nF 10 2.5 nF
F5 RI 1 6.2 kQ 5 15 kQ
F6 RI | 6.2 kQ 5 3 kQ
F7 R2 1 6.2 kQ 5 18 kQ
F8 R2 | 6.2 kQ 5 2 kQ
9 R3 1 6.2 kQ 5 12 kQ
F10 R3 | 6.2 kQ 5 2.7 kQ
Fl1 R4 1 1.6 kQ 5 2.5 kQ
F12 R4 | 1.6 kQ 5 0.5 kQ
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Fig. 6 Population’ s best fitness curve of the four classifiers

based on the four-opamp biquad highpass filter
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Table 6 The fault diagnosis results of four-opamp

biquad highpass filter circuit

IR S BEUE R %o SrIERTIE]/ s BestC BestG
SVM 83.076 9 — — —
AFSA-SVM  97.4359 247.77 858.760 4 78.903 1
GA-SVM 97.692 3 38.99 803.768 2 94.0195
PSO-SVM 97.4359 44.36 760.648 8  97.598 3
IPSO-SVM 98.205 1 38.31 923.8196 94.318 0
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Fig.7 Nonlinear rectifier circuit
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Table 7 Fault modes of the nonlinear rectifier circuit

HOARRD R FRFRME RE/ % W
F0 NF — — —
Fl Ll 0.1H 5 0.05 H
) L1 0.1H 5 0.15 H
F3 2l 1000 wF 5 500 pF
F4 21 1000 pF 5 1500 pF
F5 3 1000 pF 5 500 pF
F6 c31 1000 wF 5 1500 wF
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WRET-B AR T TIPSO 3532 ek T4k o 2 b Bk
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2P L R 2 T LA R
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Table 8 The fault diagnosis results of four classifiers

(%)
SRR AFSA-SVM GA-SVM PSO-SVM  IPSO-SVM
SRR 90.952 4 93.809 5 91.4286  94.761 9
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