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Multiple-fault diagnosis of analog circuit under tolerance
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Abstract: A novel method consisting of fault detection, rough set generation, element isolation and parameter estimation is presented for

multiple-fault diagnosis on analog circuit under tolerance. Firstly, a linear-programming concept is developed to transform the fault

detection of circuit with limited accessible terminals for measurement to check existence of a feasible solution under tolerance constraints.

Secondly, the fault characteristic equation is deduced to generate a fault rough set. It is proved that the node voltage of nominal circuit

can be used in fault characteristic equation under tolerance. Finally, fault detection of circuit with revised deviation restriction for

suspected fault components is proceeded to locate faulty elements and estimate their parameters. The diagnosis accuracy and parameter

identification precision of the method are verified by simulation results.

Keywords : analog circuit; tolerance; multiple-fault; linear programming

0 3

T

AEALL R f% 4 Bt 12 BT R mi T R 0 A Y )
R A A AR A B 0 S A R B S
B i BILAHAF SR IR BL R B, T8 TR
HCHBE S W T IR b 5 e 2 v i B
FRAEN i B TIZ B LA S A R e S
IR A 17 22 L 4 ) AR 00 T A 28 % e B 1
FORIFISZ SR o 0 AT BRAS R B 2 22 H Sl B A

Wik H 4:2017-04

Received Date; 2017-04

W5 (S HOHERT OR 2 R e el

SCHRL 10 T LY 51 F T 18 L O b DAy 0 e 465 I X il
B ICIFEAT RE AL, (LT ZE6F R o A 4 i AT 5 S
HR L 13 ] R FH £ 1 A0 ) RELAE Xk 7 22 AU i i 47 e 12
Wt , SR 55 245 12 08 i e o P R A 2 7, 3158 B R B AR
ARG s SCHR L 14 SR FAORLARE AL AL J5 7 X0 25 22 B 400 Fit % B4
WA T2, Z TR TR RA 2R SIUEE T, BGE
T/ R B

BERT TR IR R, AR SR FH 2 M R A Ty vk Ak 3, 5
25 , M A B MLk BEAT BRG0P

# ZEIH  FRA TS (61025014) | [/ 1 ARF22 5 8 (61403399) % B it F



-1816-

RIS R e R

3%

UEDT IR TTAE BEAT AL, 4 7 SO RPR AR I | il e
RS A BT 5 1 19 0 22 Wi J7 3

1 HBSFHELREN

FIE n A HLBH | HL 2R A JRAE ST I 2 M
B% N, 25 HL BN L S U RN b, B A AR At Sr 4y 32
-SSR IR LN S

Ye=»0 (1)
Arfie=[e e, ] e (=1, ,n) FIRT A EIMET T
] PR FL s b 87 FRL U UL DA [ 15 Y, 3RO T R AN
FELFE

RN B N T 5 k- kg Ly TRI TR 5294
SR Y, AR Y, +AY,, e Y AR Y, +AY,,
B N SRR Y, + AY,, Hd

AY, = PSP’

k, , ky l
1 -1
P =
1 -1
S = diag(AY,, =AY, )
PR N A R
e=e+Ae = (Y, +AY)7'D (2)

1 Woodbury A3 345 Y, +AY,) 7' BAEAR
wr:
(A+PS7'V)!' =A" —AT'P(S+VAT'P)'VA™
(3)
WA=Y P=PS" =diag(,AY,, ---AY,, ) ,V=P",
155,
(Y, +AY,) " =Y.' -Y,'P(S+P'Y,'P)"'P'Y]

(4)
MR, YU Z, AR Y
2 B Ut Zy,
Y"_I _ Z" _ 22.1 Z?Z e ZZ.n (5)
2. 2 z

HEE(1) () (S RA(2) , 1 B 1
P it

Ae,, == [z — 2 2, = 2]
-1
1,
i T TN
AY,,
i
r r L +r
M %S NN
AY,,

_ _ T

e, — e e, —e,] (6)

KHery e RN RE PTZP AR BT
3T L XU B2 T, A A B K NV Bt 3 SR T
LIS b b R b ik (6) 15 B4 gh L s
i wig
Ae, = vux + v,y
Ael()” = v,f,l”x + vfsl)y (7)
Ae](]Z) =ux + 0y
ey Fona(6) AR I)
ifp 7 A (7)) A5 3 00K e L o (4 e B A 25

(1) (1) (1)
Uy — by Ul — U0y

”l(f) - B, ) ”izz) - Boy, ) ”k/”y) - ”mvizz) ®)
Kf:a=A2e(1) p/Ae,,B=Ae(2) p/Ae,. I (8) 7]
2GS R/URN 1/ s SRR T R A SRR A HL U DR
i 4 b b R b P I s Ak FL S B AR S A5
k/UFN r/s Sk L O 1 it L A 3l 2 2 (8) o

(1)
Uy T v

2 WMEZWAE

2.1 RSN
XTRUBH A RO, 28 X, (R, /C /L) R
HiHE AX, (AR, /AC,/AL) FAL TR 153

1 1 B ARu

AY,, =—"—F—7 - — = —————

R, + AR, R, (R, + AR, R,
AY, = jwAC,

1 1 - AL,

AY, = - i =

jo(Ly +AL,)  joL, jo(Ly, + AL,) Ly,

(9)

105 B A T S A A 220 N8, =L (6)
193
AY,,
1 + 8AY,
K :6=2, -z, —z, +20

HEEZNT AX,—0 K3 (9) RAK(10) 1551

j;k, == (2, - 2,) vy e, = %MH (11)
Z BRI T S B A 22T B N, X

(11) 7331

(e, —e) (10)

Ae,, == (z,,k - z,,/)

Y, = Za,.jxj 1= 1,2,~--,m (12)
Jj=1

SUof Ly, FRE § AU A R (5 A R
(2% v, FREE | A TEHEI B AR 2 0, R4 1 AN
SALHLIE e XF5S AN TS A Fh P S m 2
yer o

FESCVL LB S PR 2 H500E 2 26 100 b I
Holi2z, 50 (12) B 1EH



5113 RELNET R % 2 2 -1817-
5,220,220 (i=1,-,m;j=1,+n) (15)

Y, = iai}.xj i =1,2,-.2m
¥, = ﬁe(Ael) ¥, = Im(Ae,) -
de,

a; = Re(dej) ,Qy = lm(dij) o (13)

Hop Re( - ) SRR UL HY S8R 3 Im (- ) R IR
B RV 5 de,/dX; AR5 @ AN AR v X5 7 A4S Jo i
SH R

FRZEAE AL AL I T H IR S TR 0 T 28U 25 1 2
e e (=1, in) Hhh s B - e SR
SRS EN R, FIWT 5 R (12) b A 2 500w
ZESE AR 22 N BRI A] s L BB e F . 76 BRI A
FAET (mo<n)  J5FE(12) FFTE LA, ToRE HERRIZ 18T 1
B, PRI, 25 ks v, DR 25 5 B A I 2 Al Sl R 22 R
P 2 P L0 1) K % o

FIAE R x=x; +&; MRAFR2) 155

{; aijgc/. =y, + leaija‘;

0$9~cj$af +e&

TiFE(14) AEAETR A 275 v 0 R Ak v, 5 i 22 B
AL I ZH 2 51, B ORI 55 7 R (14) JIofigg )
FORMBBE AR TCE . R FIW TR (14) g B9 A7 7E
P, SRS B S — B BOT MR BT R . BIAA
TSR 2, A5 B B2 AR T

(1 =1,-,m) (14)

MRS A/ N BAME Z=~0, RN IR kA
R, FER XS AR A TeE S8R 2 T R (15) 8
fift /N BARE Z >0, Fon T/ & A4 T s, 75
— AT A
2.2 HREFEREEE A K

ZRLIR B T S B ER 2, F X)) AL
FEREIENT o FEA BRI S5 25 1, S B v i v T A oA 1Y
ity FEL 1t TC R I AR 2

L (10) i B AY, TR T8 ¥, PR S
FRFRIELIR] I 25 (FE S 22 VE ) Lo, 1w (1) KL I3 5

I

A Ae, — A 5 A

v, = Ae, —Ae, =—8———

kl k 1 1 +6AYM kl (16)
AY,

i (16) 7535

Avy, _ U _ Ut Avy, (17)

Avl(dl) UA(-JI) Ul(cl]) + Avill)

B AN U ISR 22, S5 (17) (R
JRST o HBE AU RS v, 5 BB IV i 3 A ] R i
VR b6 R B = (17) 133

Av,, _ U Av, _ U
1 — (nH = (1) 2) 7 (2
min 7 = Zzi Avy vy Avy Ut (18)
i=1
i N 2 . Av, v, Av, v,
s. t ax. +z, =y, + a;&e; M~ (A @ ~ @
2,0 T E SN 2 g Ao T A T
~ + - . -, . ZH
0 sy Seg te B (18) FRARK(8) 155
v(l)
K
) Avy - alvy, )
Avy " — alvy, _ Vni Uy oy
(2) - (2) -2
Av, - BAy, Uy vy = Py
Avy —— - BAv,
Vit
U(l)
s
M Av,, —— - alv, m
A/Urs - O{Aﬂm _ Uy _ Uy T QU (19)
2 = 2 =G
Av? - BAw, v, v - B,
Av, =~ BAv,
UV&
(1) (1)
Av, Ao, 2~ Av Av, 2
(1) (1) kl rs - rs kl (1) (1)
AvyAv,” = Av, Avy _ Uy U Ul T U Uy
2 = 2 2 2 2
AUI‘-IAny ' - AUN-A”;;I ) Av, Av Ur(s ) Av. Av ”I(L-l ) Uklvfx ' - qulil )
WA - Av,Avy
UI’X

A (19) #1535

W+ A" —a(v, +Av,) B (v + Av))) = alv,

+Av,) (v, + Avy) (07 + M) = (v, + Av,) () + Av))))

( (2) - (2) )
(Uer) + Avrs2 ) - B(vrs + Avrs ) <Uklz + Avl(blz - ﬁ(vkl

X (20) FI(8) 15 4518 « 78 25 45 T Al ey

+ Avy) N (v, +Av,) (VP + AY) = (v, + Av,) (v + Av)

(20)

TR AR FHARFPR S BT B4 s L R ORI



-1818-

RIS R e R

3%

RS B F = (0,0 =0, 0 )/ (v, 0 -
v ) FRREMEL S (k) = (v —av, )/ (0] = po,,),
L (k) = (o’ = awy) /(o = Buy) o XETHLEE N, FERRFR
SHCFMEIN 3 AR R b b 1 b lih , A5 5
(ep ,el()l) ,el(,z) WU, 5y ,vfxl) Wiym ,v,(f) ,112,2) ) I EAEE F

SRS N M 3 AN [ HL IR R b, b A
B MR (2, 0 ™) . ML B A B
BERAIEAE, THEAR BN f, (B) F1Lf, (k) SRR AR F i
FAE , VDR R O A e A B ) AT e RO . SR K (21)
FFEE s, SR B T PR 4 5 B T A s
INFRIR IO A A O A T BE MR o R A R R
ANKE I R TC 2 A HEATHEI 15 B RS 2R d

s, =1 filk)/F+F/fi(k) =21+
| f,(k)/F + F/f,(k) =21 (21)
2.3 HRERBEENM

MIC A SRR, O B (15) TEff B /N B AR E
Z >0, X BERIMBEITAF kA LB S H U 22 RIE( - &
e VFI( —g/ & ) HFATIBIE, &SN (12) BOr 4
PR TCIF 28 22 28 A0S, PRI ABOE AR S5 15 B 12
LENEHL R T SRR 22 75 30% LN B0 , 45 316 1F
Je B 22 FRAE M ( - Yi sy ) FC =y ") SRA TR
(15) 133

n
min Z = Zzi
i=1

n n
s. 1. Za,;jxj +x, +x, +z, =y, + 2 a;g; *tvy
j=1 j=1

+

O=suw <¢g +eg

0<=x, <v, +vy,

O0<ux <7y +7vy/

x,=0x, =205 =0,z =0

(i =1,,myj =1, ,n,j#k,l) (22)

AIBIE IR W7 T (22) FEAEf N AR Z =0, 3R
JUPF kR L SR A e T AR ( — e ) RI( - &) Fom
BRTCOE kA LR SR 25 . B U UK FRRLRE 4R d
HICE, AR EN AL 7R (22) P/ N AR Z =0
BT I F T R S S R 22 . L B P AR AR
W2 M IS W R 2
2.4 HEFISEEZX

X AT BR A AT B 2 2 AU FL B, SR T PR 2
RN ke RS £ A1 RS0 SACE RE 37 19) 3 R A T B R 2
Wi, AL BRI .

1) b ofd T S8R SO AT 5 R AR X
AN IR PR SR M ARSI % , £ PSPICE FR bR
HES LB N JEA T 05 B SG A3 SN LA UR b b A
b Il MBI T L (e, e, e, ) SRR

(a; ,afj” ,asz) ) A SR (v, 0, ,vf_\,]) o) ,vfﬁz) ,U,E,z) 5

2) B BR A . XoF S B e NV, 4 S0t i L 3 U
bbb i, M AR B R (e, el el ) o R
HH Lindo #fEx 75 #2 (15 ) BEAT KM, 5 AF7E 5/ HARE
Z=0, W75 i B oo JC i 45 18, B8 STEPL thbR
R (e, ey e ) BRGS0 WM 3) .

3) R RE AR A2 . 1B STEPL v i) 4 o At FEL
File, e e ) SR (18) T A5 BT A Jo R4 & R Ak
BEME IR T 10T HES , 75 B A R 4R d

4) bR EAL, BUCGEMRAE S d ThIoR R 2.3 75
I AT RS , 2 4R BT, I X 2
P 25 BEATAGSAL 2 W AR A TR

3 SLBIIEIE

3.1 EHiBEESH

SR FHSCHR 13 ] rp A ek 0L HL I A 07 LR AIE , A
B 1 PR, TS EARFRIE N PR o BT A
TUIF I SRR ZEAEHPRPRIE S % LI, 73 5E 1/2/3 J it
INBRAE R 1A B4 BT A AL DR Rl , R 7E 17273 00 Ak
PEATHUEI . B LR JLMURZS

12
1 +

K1 EHLEK
Fig.1 DC circuit

RAS VO 2255 T TR ) « L i Hh & oo 2 500l
ik R, =1.05 Q,R, =1.96 Q,R, =2.04 Q,R, =4.08 Q,
R, =0.96 Q. HFE(15) fEfE /N BARME Z =0.000 1, P
At R B T B 0, SR AS 2 oo 4k L BHAE 23 0
R, =1.05 Q,R, =1.96 Q,R, =2.04 Q,R, =4.08 Q,
R, =0.96 Q.

R 2(HEZEZM T RR, %) :R, =1.2 QR =
1.65 Q, KRS HORE IbrFriE. 7R (15) T, I d
RT3 T (d < 4. 01) A B BCRR HLRS 48 (R Ry, RyR,,
RRy),RH 2.3 T EHEBR T R,R, A1 R\R,, 121
R\R, KA MR AN R, =1.19 Q,R, =1.59 Q.

REI(REZELKMT RR, WFE):R =1.2 Q,R, =
1.65 Q, KRS HBESRE 1 hMF. f(15)x
fift B d TET 3 T (d < 4. 04) Az il R RE £ (R R,
R,R,,R\Ry) R 2.3 T HERR T R,R, F R\ Ry, i



511 4

BIEFRAT T ORI L s 22 e 2

-1819-

R R, K RE, SFE AL N R, = 1.19 Q,R, =
1.60 Q.

RE4(REZFMT RR, HUE) :R,=1.6 Q,R, =
4.8 O, HARSHIRE IARFRE . HFE(15) Joff, B d h
T3 Wi(d =4.00) AE Bk A RS E (R, R, , R,R, ,R\R,) ,
K 2.3 W7k HERR T R\R, A1 R\ R, 21 RR, K/
ek A HBHE R R, =1.52 Q,R, =4.69 Q.

RS S (25T RR, HFE) 1R, =1.6 Q,R, =
4.8 Q, HASHMUESRA 1 M. H#E(15) T,
B d s 3 Ti(d =4.00) 4= sl BB HLRE 5 (R R, , R,R,,
RR,), KM 2.3 W kHEBR T RR, Rl R\R,, L Wi th
R,R, KA lks T E AN R, =1.52 Q,R, =4.73 Q.
3.2 FiHEEEEISE

SRFHSCHRL 1T ] o Ay 2 5 30 F B A7 0 FL IR IE, Fi
BRUNIE 2 Br7R . JoESEARFREmE TR . BT A
TCIFI SEUR 250 HARFRIE 5% LA, 53 BITE 1/4/8 £
T4 10 kHz, 15 {8 7 5.0.5 F10.5 mA [432 3 HL R U5k
Jilh, [FIEEAE 1/4/8 T kb 647 fL R & . 25 B DLR JLFR

RS
N o
C, || S0F
I
RlO Rll 8 R12 Rl3
7 9
36kQ  60kQ 40 kQ 3.6kQ
c C,, == 221F
14 R
(O N P RPC ST =i
| S
I 200 kQ 300 kQ
1 uF )
R, Cu 5nF
; Lok 6
11
Ry |: R
750 Q [ |11k
R, 5 R R s R,

1ITkQ | 490kQ 4 60kQ | 1TkQ
(Tl5||50nF

2 ST
Fig.2 AC circuit

RAS VO 22560 J0lR) < v i v & oo 2 801
B R, =9.9 kQ,R, =10.5 kQ, R, =195 kQ, R, =
289 kQ,R, =726 O, R, =39 kQ,R, =59.5 kQ, R, =
10.5 kQ,R, =11.4 kQ,R, =3.76 kQ,R,, =59.9 kQ,
R, =40 kQ,R,, =3.54 kQ,C,, =1.04 nF,C, =49 nF,
C,=4.8nF,C,, =22.6 nF,C,, =4.9 nF, J7H2(15) 1£-7E
w/NHFMA Z =0.000 4, (K A5 H L S LSS, R
BT SEAE /5 R, =9. 85 kQ, R, =10. 65 kQ,
R,=196.5 kQ, R, =285.8 kQ,R, =787.5 Q,R, =
39.97 kQ,R, =57.0 kQ, R, =10.45 kQ,R, =11.4 kQ,
R,=3.75 kQ,R,, =60.97 kQ,R,, =39.6 kQ,R,, =

3.46 kQ,C,, =1.05 nF,C,, =52.5 nF,C,, =4.89 nF,
C,=22.6 nF,C, =4.87 nF,

RE2(EEZFHMNT RC i) : R, =8.5 kQ,
Cys =6 nF , RS HIUENRFRE . T (15) Joff, B d
HET 30 Wi (d<4. 01 ) A= il RS AE (R, C o 7E55 2 i)
KA 2.3 iR T AT A 2 R, C o R A
W S R, =8.84 kQ,C,, =6.02 nF,

WA I(HEZEFMT R,C 1) (R, =8.5 kQ,C\ =
6 nF, HAZHHUES RS 1 PHIFE. R15) T, B
d W35 Wi (d<4.01) Al LR 48 (R, C 7R 55 16
f1) 2R 2.3 Tk HERs T AT A 2 R,C,
RAMEE, THESEIE N R, =8.33 kQ,C, =5.85 nF,

REA(HEEFRMET R, Cy B : R, =50 kQ,
Cis =6.2 nF HRSEBUE AR FRE. 7 (15) T,
B d Rl 30 Wi (d <4. 01) AE il i RE 4 (R, C g 7656
21 4v) R 2.3 T r e HERR T Hofh T L A, 12 W
R,C o RAMPE, TR SHAE N R, =48. 18 kQ, C =
6.04 nF,

RES(FELHMT R,CuiibE) :R, =50 kQ,C g =
6.2 nF, HAZHBUE SRS 1 PHIF. FR(15) T,
B d Rl 33 Wi (d<4. 01) AE il iR 4 (R, C o 7656
3147) , R 2.3 Wik HERR T HAb o R &, 2 Wi i
R,C b, T S HEH A R, =43.58 kQ, Cys =
5.88 nF,

4 &

ARSCHE T — Ay RN 5 25 P AR MR L B 2
BRI W 7 1 o S0 v B IR 2R R AT A, o)
Y A A A R TR e ST S U 2 A 5 R A
FFELTRCT AL AL TR, DA T 465 A6 I P 3% G 2 7
TR AR A by 4] W 2 A LK) i) e A A A e A 5 R
i Woodbury 23 e G5 B il AR AR 2 20, IR 1T 4 22
SRFR B BRRFIE A5 ST E B IR RSO B9 s U TR
DRAFRLAL, R 1 I A BRASAE T 3 i ri TR A w0 ) 5
AR R AR AR S5 U S T SRR 3, A il B kL i 2
X BEALL L e ) 0 7F fi 22 BIR {EL A8 1E i 1 FL B R A IR 25 A
), S5 SIS ) A S Ao, I A SR S i 25 . ELUR A
AL L B 7 FLSE SR IR 1O IR B A o IR R
B BB R I W B2 A S BN 2, BSR4 it
JOL T A7 BRI R 22 4% 1R R A A 0L H B 22 Al e
2z,

S 3k

[ 1] KABISATPATHY P, BARUA A, SINHA S. Fault
Diagnosis of Analog Integrated Circuits [ M ]. Berlin:
Springer Science & Business Media, 2005.



+1820- B AR $31 4%
[ 2] GIZOPOULOS D. Advances in Electronic Testing: LI M, WANG C L, LONG B, et al. Multi-feature fault
Challenges and Methodologies [ M ]. Amsterdam: dictionary and its application in testability analysis for
Springer, 2006. analog circuits [ J |. Journal of Electronic Measurement
[3] CUIY, SHIJ, WANG Z. Analog circuits fault diagnosis and Instrumentation, 2015, 29(3) . 368-374.
using multi-valued Fisher > s fuzzy decision tree [11] TADEUSIEWICZ M, KORZYBSKI M. A method for fault
(MFFDT) [J]. International Journal of Circuit Theory diagnosis in linear electronic circuits [ J]. International
and Applications, 2016, 44(1) ; 240-260. Journal of Circuit Theory and Applications, 2000,
(4] k2 JET Bl 0ok 7 B B9 8540 % ik R 12 28(3) : 245-262.
WrlJ]. B S5 ACER I, 2015, 29(6) = 901-906. [12] BokA, nZeke, ki, . BT IEART A AL
ZHANG S L. Analog circuit fault diagnosis based on WA 22 A BB vk [T ], ANES N 24, 2013,
adaptive particle swarm optimization [ J ]. Journal of 34(3) : 698-706.
Electronic Measurement and Instrumentation, 2015, AO Y C, SHI Y B, ZHANG W, et al. Research on
29(6) : 901-906. tolerance processing method for analog circuit soft-
[ 5] TADEUSIEWICZ M, HALGAS S, KUCZYNSKI A. New fault[ J]. Chinese Journal of Scientific Instrument,
aspects of fault diagnosis of nonlinear analog circuits[ J]. 2013, 34(3) : 698-706.
International Journal of Electronics and [13] TADEUSIEWICZ M, HALGAS S, KORZYBSKI M. An
Telecommunications, 2015, 61(1) ; 83-93. algorithm for soft-fault diagnosis of linear and nonlinear
[ 6] AMINIAN M, AMINIAN F. A modular fault-diagnostic circuits [ J]. IEEE Transactions on Circuits and Systems
system for analog electronic circuits using neural networks I: Fundamental Theory and Applications, 2002,
with wavelet transform as a preprocessor [ J ]. IEEE 49(11) : 1648-1653.
Transactions on Instrumentation and Measurement, 2007 , (14 JJeTy, WZ8de, ZRakle. A2 T PSO Ski2
56(5) ; 1546-1554. RO F i PR B R [T ). RS B ikt 5 BB
[7] BHUNIA S, RAYCHOWDHURY A, ROY K. Defect 7oA, 2009, 21(9) : 1270-1274.
oriented testing of analog circuits using wavelet analysis of ZHOU L F, SHI'Y B, LI'Y J. PSO Method for diagnosis
dynamic supply current [ J ]. Journal of Electronic of single soft fault in analog circuit with tolerance [ J].
Testing, 2005, 21(2) : 147-159. Journal of Computer-Aided Design & Computer Graphics,
(8] bt BUNRGEMERHSIT S TR M]. 2009, 21(9) : 1270-1274.

(9]

[10]

a RS L, 1993.

YANG SH Y. Fault Diagnosis and Reliability Design of
Analog System [ M ].
Press,1993.

skl e, AR, RIS, SF. TR R 2 A i
RRAD R e IR S0 R a2 T D 0k [0 ). AR AR 2 i,
2015, 36(3) : 675-684.

ZHANG CH L, HE Y G, YUAN L F, et al. Approach
for analog circuit incipient fault diagnosis based on
KECA[J].
2015, 36(3) : 675-684.

B, TRAM, B, % ZRHIE R AR AR
PR T IR A P S AT LT ] 0 A e 2
2, 2015, 29(3) : 368-374.

Beijing: Tsinghua University

Chinese Journal of Scientific Instrument,

[15] HOUSEHOLDER A S.

numerical analysis[ M]. Courier Corporation, 2013.

The theory of matrices in

[16] SIERKSMA G. Linear and integer programming: theory

Bocaraton ; CRC Press, 2001.

and practice [ M ].
fEZE B

g, 7y 7E 20112013 4E T2 4
L TRER SR o p S AR 2407, B
KR TRER AT A, FEWFF T 0]
SRR A T
E-mail ; donghaidil23@ 163. com

Dong Haidi received B. Sc. and M. Sc.
from the Second Artillery Engineering University in 2011 and
2013, respectively. Now he is Ph. D. candidate in the Rocket
Force University of Engineering. His main research interest

includes analog circuit fault diagnosis.



