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A method of cloud-sample control and generation with

application to circuit fault diagnosis
CUI Jiang, WANG You-ren

(Nanjing University of Aeronautics and Astronautics, College of Automation and Engineering, Nanjing Jiangsu 210016, China)

Abstract: To select feature samples in circuit fault diagnosis, we propose a method of cloud-sample generation, and
apply it to artificial-neural-network training and recognition. First, the inverse cloud model theory is employed to obtain
the statistical digital feature of the samples, and then the extended training data set is produced by positive cloud theory.
Second, two kinds of networks are trained with the newly produced data set. Simulation results reveal that the performance
of the neural network trained by the cloud samples is better than that trained by the conventional methods. The results also
proved that the network is robust to random noise, and the proposed method is valid in the faults diagnosis of analog circuit.

Key words: cloud model; feature samples; neural network; fault diagnosis
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Fig. 1 Flow of cloud samples generation method
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£ Zh5E HE, 1553 BP ANNCEHTr1, Tr2f1Tr31)
ZH4#K /XiE A BP1, BP2FIBP3).

R, B 3ERBEM AT ISR, Hofm A At
A A9, Y S5AE BE E 40.01; K2UE IO B8 HOR
FH Ve T4 TR 2 PR B, B R A e & R L. B R
3 F3FRBF ANNCEH Tr1, Tr2 A Tr3 VIl 2 (A k38
#RBF1, RBE2FIRBF3).

AEMATLAB7.00) BLIF 58, SAE SEBURFAEFE A
FIBREL H— 1k PCASMT I = REAS T~ AR 2% XF PN
A2 W HEAT VI 45, 192011 K Fh SHO L an R 15T

7N,

& 1 FALAYZ W %649 408 8] Ao Kxt b
Table 1 Comparison for two groups of ANN

arR MR gritlals g K
BP1 0.01 133 19107
BP2 0.01 126 17321
BP3 0.01 150 21922
RBFI 0.01 24 200
RBF2 0.01 21 173
RBF3 0.01 26 202

3.3 2 Wi FEHE 4 BT (Diagnosis and analysis)
1512 W I BE L BT LB A i A Bl e )
%, I IOE PR BT ST 205 2 W ) A
F=[F,F, - Fy - F ®)

H AP F, N g b R FE Aaz W) A URE BE,
HF, € [0,1]. —ftHh, @ m & o g 55 KAE B 5
N B B AR SN A B 12 i A BB R A, D
F = max{F,F, - ,F,- -, Fy}.
1<¢<Y
Xof FEANTURAE A SEREAT 12 W, KR 1) kB 12 B
R TG

9)

9

T
Hor: e, IEHS W g R MR AR IR AN 4L T
ZIRAE A 2R AR .

F FHBP ANNZ%} 5l X Test1~Test1233E 47 M4k, I
MBS W an R 2 . Tt B4R BE AT & VI A
75 A4 A oA AR A, KT R 12 W R I 4% T e
B —Fh A IR

F 2 BPAY 2 P 46 I BT 2100
Table 2 Diagnosis rate comparison for BP ANN

B = x 100%, (10)

Testl Test2 Test3 Test4
BP1/% 9022  89.33 85.56 75,56
BP2/% 89.33 88.44 85.33 75.67
BP3/% 94.89 9422 87.33 77.11

TestS  Test6 Test7 Test8
BP1/% 6622 60.44 73.11 72.89
BP2/% 68.22 66.00 89.11 88.89
BP3/% 66.00 59.33 61.78 61.56

Test9  Testl0 Testll  Testl2
BP1/% 70.00 66.00 63.56 59.56
BP2/% 83.56  77.78 70.00 68.22
BP3/% 60.89  59.28 57.11 54.00

% FIRBF ANNX il i £ i3F 47 3 ik, 15 2 /912 Wr



3 BT P Z A 67 A R s B T2 W7 o 11 5 A 559

FINRIPTR.

& 3 RBFAY % W % 648 [ 1587 % 21 b
Table 3 Diagnosis rate comparison for RBF ANN

Test1 Test2 Test3 Test4

RBF1/% 79.56 79.11 72.00  66.44
RBF2/% 78.78 79.00 7278  67.00
RBF3/% 86.44 80.67 61.56 53.78

Test5  Test6 Test7 Test8

RBF1/% 59.56 55.11 52.89  53.56
RBF2/% 62.89 57.56 7133 7133
RBF3/% 4822 4756  41.11 40.89

Test9 Testl0 Testll Testl2

RBF1/% 53.78 53.00 52.67 52.56
RBF2/% 68.89 68.00 59.56  59.11
RBF3/% 39.78 38.00 37.56 36.44

HR27[ & H, BP3[E1Z 771 5 4F, HEEEMEZ
1k 1k B 2535 T BP1AIBP2. BP14E 12 WiTest] ~Test6HT
T B F #BP3, {H 7E R 5l = ¥ A 7 [ i@ U T'BP3.
BP27E M ik = FE A P 68 47 1 AR T 73 4 P, Bl A&
I B G Y A N E, 3NBPRM &R Y 2 Wt RS B Y
HE#, (HBP2IH) i 12 W 28 2 b i b A~ 4%, %) BE
FUE BB E T A ME. NRIFRIAT
F i, RBFAY I 2533 B 1R 1R, {H K HIRBFM 4 i 1T
12 W B B A L R B TBP &% S 4k, Bz
Wi Test1~Test6if 5, RBF1AIRBF2 P f8 % b 182k,
{HRBF2f) B A M R B L T 77 4P S INRBFI 4%, TR 3R
MR R R fE, XA K2R — B Fi2
WrTest7~Test1277 [, RBE2[ILEE Ly B &

zi b, BT = FE A 45 fIBP2ERBF2X i 75
ARHBIFHEENE, B o iaf, BEMPRRE
77 H'H % FIBP M 4.

4 45 (Conclusions)
Bt Xof Fh 20 ) 8 VI 5P RV ALE A A IR B 1) R, A 3C

P T PR T R G F R (R A A= A
&, AT T O AR, GiRRY, A=A
AT, N R] T 2R T4 22 ) 4% A5 400 P I 000 o B
57 BUTHIZ W RCR.
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Novel method for analogue circuit fault diagnosis based on
clustering binary tree SVMs

Cui Jiang, Wang Youren

(College of Automation and Engineering, NUAA, Nanjing 210016, China)

Abstract: Aiming at the difficulties of classifying ( diagnosing) analogue circuit fault samples, this paper proposes a

novel fault classifier based on clustering binary tree support vector machines (SVMs) and analyzes the average diag-

nosis complexity. First of all, self-organizing feature map (SOFM) neural network is employed to cluster the fault

feature samples into a hierarchical structure, forming a cluster binary tree; secondly, the fault classifiers are de-

signed using binary SVMs to train the samples. The actual simulation and test results show that the proposed method
gains better performance than traditional SVMs classifier, such as “1-v-r”SVMs and “1-v-1”SVMs, and is suitable

for diagnosing analogue electronic circuit.

Key words: analogue circuit; fault diagnosis; self-organizing feature map neural network ; binary tree; binary sup-

port vector machine
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PLJLAR, S B LT B T 46 704 00 A B i R 2
BARPBELEE —E BT FTARLA™ o (BB B
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BEH P “1-v-r” SVMs F1“1-v-1” SVMs[*10) | B2 4h,
KT SVMs BB B3R HBFFT A s ) |

BEXF B R, A SCHR T — R B = XA SVMs
Z TRV Ty ok, P T80 B 10 000 16 A B 1
Wro 5 %R A SOFM P22 2 it Rkt 2 4743
BRE, BERK2 %K, BEERA, BABT —EEX—
S FW, 76 = XA 0958 A 4 A0 3R A B — 5
SVMs SHREA LAV ZR R0 s 825 , 1) AT 52461 el 2 5
THK A BRRIAT T MR IRAT

2 RECXWERS B

AT RLFAZTG SVMs #2543 2 B8 31T SRR 10 57,
TR BRI = RS H . HeAb i — U B T — Ak
SR SIFEER , FLEEHIF I SOFM 34 22 ) 4 B 1 3]
RS = Wi,

B A SURFE B 0 22 R 2% (SOFM ) 12— b 5% i 3
KR MR T AR A 5 2T 6E , B3t
SRR S RIS A4 B8R 43 X 4T 6K . SOFM 34
P A 532 AR ZE R 1D ol B P B B) T — 5 TR
5" S{BIAL P SOFM 7= A —Fhi% & — 5T SVMs |4
MTRE =R, B F—F BB AR, FrR M E
FEEHE 3 NS, EARRIT

D) VIR R AR AL T 230 Gkt s,

2) VI FH SOFM 3 22 46 34l Gh bt A T 45 — 3B
K REEYGER LTS S RIE AL T W Ty, 2o
Tl T N R SRR B LB D Ao, Rk
SERZIE , T B ARTE A R 2 2R B0 45 45 B AR
HE;

3) S TP Ty R T, | 2 TR R
X, AENFFIA R,

X R 2 B P B RAARE S BRI . B 4
LR RBREZIE , BLZ 5 W50 8 A R T8t
B FENIINT 555 | KMRAER, F, Bt — R oA
BENL” (BT 1 3) URIF, & T BN H AR
AL I F, B Togo BRRBHEGER, BT — 52
BT, T = O R T = 0(0 HZEE) | MR A K 5 B
BN AR T BERA R RIFX M SRR 2 T,
BEHBERE E N 1 32, WAREN T, 7 RS
K(BENRA—A T SVMs LTS HATF) K>
XF T TRER 5 FEAIEBL , TSR 8 Xk %ot (A AT HR A B
K HEEFTEERST, BAB I — R — XK,

X TR AR, K 5 R A SOFM J7 A it 36 R i
HHS PR, BT R _E 3 0 A £ T =0 5% Tign =
Do ST HAETEOL, AT LA A 1 -v-r” SVMs
AR BIVET ( sH et 72 A AR 4 4 B L Pl 8 S I 1

B29%
=) .
3 DEBINGEHNRE ZEHH
3.1 SrEI|lL

AICRFH SOFM 31l ShkE 2 47 TRERHEAR T
SRASIMIT (SERR LR — Rl A A S0 4 I B 5508 ) | BAR
MARET RVIGRA O REA B B R % By TR T B4
T, (AR 18] BE AR St 2k, 28 1A 6 B AR o 86/ s R 42 3 |
J2 AR B AR S 55 53 FF , 7= A 4 43 UM SRR AR /5
M SARRRA ST , BAR S 2B
VRIXE (LU S A G IRt AR AR, 7 5 B e )t B
B, BEEMR, BERIMIEI T SR REH E—a
BB F#R T ERE SR A TS E TR i
R CHR BRSO R A S R T — R A

REZAWH BN T AEABBE—IREMN =5
SVMs FEATYNGR , et AR 447 MR A B 42 th o 4 2 B o
WRISHBITERRA , B E 2045 800 10 f B A %
1be XHSERIREAR x BEATIIRM, F F = 55 SVMs 347 8%
BRI B AR R .

f2) = 3 ajyK(x %) +4; (1)

P @ JREREZ SRS j A5 AT = T SVMs 94
PRI R E R, K(x,X;) Jaxtii ik o & iz
RNERFER X, () Mercer BEXAITR; b AR5 /435 2l
ZR5EEE XTI R M R 2%

3.2 EHNKEZESH

MK (1) ATUE QRO SRR AR, iR T
WIEHRIREEEM Y| GRANSERE X, IRE
Zfn (multiply and accumulation, MAC) MWK B A,
4t FO(-) RFHEA 5T SVMs ATHEARBINIEE S
RE L KPS FRRS I GRS R BIL A
FEATEHITH MAC Y8,

BB PR B O n |, 5 B A 2 1) 4 2 B
BAt. FIF“l-vr"SVMs BEATIRRT , 2035 5 i1 5
FEARBCRAT N n - ¢ (BB BEDURE & BB AT — Wk
—JT SVMs &5 BIT] 43 FF , W) 55 /INIE B 40 2 AT 6%
O(n « 1) IRBHAT n YGBE A BESFF, W4 22 1 B
REBERRENR 0(n® - 1) o ACARAMRE 228 Al
B/ 24 B 09 - 2948, B B 03A 48 2 B v s i
PRI — N E BRI 4T.

Xt “1-v-r”SVMs 432638, H P MIR 5 2B 3 .

[0(n-t) +0(n*)] _ n-(n+1) -t
3 = 0O( ) ) (2)

M lv-17 SVMs A BT E, BRI RBEE
2o =D) A psamans SRR, 5 5 HELY
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B e AR
O(n-(n=-1) -1t) (3)
XRE R, KRBT RIR L , R xRk
RN B BRBE I L3 M it AR B

4 LWTsLH

4.1 FHSHTRER
WP 1 FTR, R A — A HE 408 AR AR o e T v B

(circuit under test,CUT)

1 BB
Fig. 1 Analogue filter

RBUEA ST A B E T L, s B R
FETTMH BRI R EMAZERIIAR L,
HATR BN NS % cm—80" . B, 17 &R
Xt L) TCAFEAE K, « | 7 2R of L84 TC 4B 08N , 3 R
B AR R R 0 ~ 12, Horp  AURS 0 327K i %
AT REIE L

F1 THEMBEEN
Table 1 Component values and fault modes

B R PrAR{E BE B {E

) - - - _
fl ¢t 5 nF 10% 10 nF
2 Cid 5 nF 10% 2.5 nF
3 R, 1 1600 O 5% 2500 Q
4 R, | 1600 Q 5% 500 O
f5 C, 1 5 nF 10% 15 nF
f6 C, | 5 nF 10% 1.5 nF
f7 Ry 1 6 200 O 5% 12 000 Q
8 Ryl 6200 O 5% 2700 Q
9 Ry 1 6200 O 5% 18 000 Q
£10 R, | 6200 Q 5% 2000 Q
fl1 R 1 6200 Q 5% 15 000 Q
f12 R, | 6200 Q 5% 3000 Q

4.2 FERFE

REAR = A AR BUBE FT LASR B {5 45 3R, th T ok A
FEFRREMBARD , XB T EFRBE, &30 %
B R AT R {4 A N 5 B LA AR B L B e R R AE A AR
RTELE, W U, S FIREE R 5 V.10 ps BBk ES .
XF 13 Fhih B =N #E1T Monte Carlo ¥4 234 , S Rh ik FEAR
HAHE 500 ¥k, HA #9100 MEARSE Al gee A, BIA& K
400 MEEAAE R IIR o

WA AR V,, (INE 1 FTR) , RE G R b
X TFHHABERFS; FIAZ S HRN Haar /NNEQHT
o R 5 BT A R R A (35 32 4 ) 1E M ik e
5 BARIE ; 20 7 (8 /5 B2 AL 28, Xt B A 9 B H it 4705 — 1k
AbFE
4.3 BERINRER

FIFH SOFM Xl SR A HE4T 43 #r , AR B — R R
ETXUHLINE 2 i, B2 HRELERSIEEN
THEERF B RN TR, LA J7E KA =6 SVMs
ko

{fo,f1, £2,£3, f4,£5,6,£7,£8,£9,£10,f 11,f12}

e D
A4

(£1,£3,67 £9,111}
LI ip3 0o 1) eediSEOh_ L (10,2,04,05,010,012}

—————— o I ga v ' e
f_{ﬂ}__w;_l o {nepsBlo B (06 ey (mnion2)

A
Sl Rl re;J—f»‘ Plo BY e,
Tfg sy s _ {62

B2 AR

Fig.2 Generated clustering binary tree

{f0, f2,f4,£5,f6,18, 10,12}

A5 E2HHFE @7 (O") ABRRETT
SVMs Yl B, %3 B A (Z2) WBLE A IEAR 4 (fadn
), 2ABEBINGZE BRI MRUE R, IF
A 2 BRI WS T
4.4 HERDW

BT “1-v-r" SVMs H1“1-v-1" SVMs 4325 28 3l S ke
AFHATING, I3 LT|HEAHT THEEGNK, BdLk
BB 43 28R Mercer % R %K, ALY R — k2T

K(x,X;) = (1 +x-X,)* (4)

RIEE 2 B ) B8 2 = U 5 1T 401, 28 0 ik
RS T TR ) B/ N is BB O 2% B I K I 18 T Ik A I S AR
B, BRSO £1 (2% £7) BRI E A8 0(13 -
L+5 1 +2+1) = 0(20 -1) ;2 128 010.0.05) Fr
ERIRELRERK, HO(13 -t +8-t+6-t+3 -1+
2+1) = 032 -1t) ;IEBREZXUWHR W KELRERN:
0(26-1t) ,

ik PR AR A A ) b B | 3R 2K AR A R 8 I R A
WA AR F MATLABG. 5 42 SC 3,3 A4 2585 1 LR
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Table 2 Performance comparison for several fault classifiers

SIAREMRE LERME(%) WikBE/s  FHRRERE

“1-y-r"SVMs 98.8 7.64 0(91 - 1)

“1-v-1"SVMs 99.2 66.98 0(156 - t)
AT 99.2 3.61 0(26 - 1)

M2 ATAE H, “1-v-1" SVMs 43245 58 i 5 24 3%
BB R, X TR BEAR B TR R R K (B RS i
BERETRG , 33X 2 p 3 S A8 O G5 A0 AR BE AU Y 5 1 5 2 3C 07
AT IR B (] /)N, T ERAS AR BE A 70, T 7 B 1
WX 2 E AL WTRT R ] B 2R T B AR 2688, B
I, 5 53 SR RR T B A L, AR SO B O E A B 0 e B Y
PH AL BT

Ak, LR 3 M RBHLEEESE THAENS
ICHR[ 6-7 ] BT 1 2 I 445 1) el B S R 12 T R B, TG e
T IR AL WORE BE AR R 98. 76% Fi1 98. 56% |, T SCHik
(5]t YNl 2R 250 88 e U5 F 4R 5 SR 48 B0 SE PR R , FSE R
P EMEARA —ERZE, 7T R,

5 &5 #

R —FPR A = XA SVMs L3 K 88 00181 07 8k,
I F T s B R 2 RS W, 5 05 EL SR B 43
BB, AR SO ) I 43 288 AR 7 12 MRS BE 117 2 00 3%
BREFHRIE T E R T “ 1-v-r” SVMs HI“ 1-v-17
SVMs 53268% , AR T 3R J7 8 -h M 2 M 4K (12 Wi P RE
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