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Fault detection of electromagnetic relay based on super-path time measurement

Cai Jun Xiao Qiaoyuan Wu Fan

(College of Automation, Chongqing University of Posts and Telecommunications, Chongging 400065, China)

Abstract: In order to improve the hidden fault detection rate of electromagnetic relay, a fault detection method based on super-path time
measurement for electromagnetic relay is proposed in this paper. Firstly, the fuzzy threshold is optimized offline. Secondly, the super-
path time data is predicted online using sliding window linear regression, and extended to predicted interval based on fitting error. Then,
the relay super-path time measured data and predicted interval are converted into current fault evidence and predictive fault evidence
using fuzzy threshold, and cumulative fault evidence is updated by iterative fusing cumulative, current and predictive fault evidence using
interval evidence reasoning. Finally, the result of fault detection can be obtained from cumulative fault evidence according to fault
criteria. The proposed method considers the slow-changing features of hidden relay fault and uncertainty in super-path time measurement
process, so that the fault evidence is closer to the actual working condition of relay. The experimental results show that the proposed
method has significant advantages in evidence accuracy and convergence speed, and can effectively improve the detection accuracy of
electromagnetic relay hidden fault.
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Fig. 1 A typical electromagnetic relay
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Fig.2 The wave form of relay contacting process
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Fig. 3 Structure diagram of relay super-path time measurement system

2 ETHBERESENERZT

2.1 HFEIEHRIREX

FETIES LS AE 8 fiff R 2k Hh 25 I AG ) [ AT, 2
Ak gs TAEREES m,, Hh m, , FORBTES R,
m, , FRIEH TARRES . — 4% X BB R4 AT &7 Sy n
X A BEAR BT A A T

m={[m” (H),m" (H)],[m" (H,),m" (H,)]!

(1)

X [m” (H),m™ (H,) ] Fngki as R Xa]
WBERBUE, [m™ (H,) ,m"™ (H,) ] FRGEREEH Y 1X ]
R BT

R 5 B AL P 60 i 4 s 28 SR U B 38,
RS (R TRR/N , 4 PR 25 A I 5 bR 285 320 37 2o U 3] o
FORAS . 7 R AR [ B AP TE AN 1, PR X R
RS 1 AR , T 15 5 R R[] () A5A0 B 1, 44
TEASOR S R I PR RN 0 S AR S R 3R ik R AN A
PE, RN RS

BRI [ RS o BRI R [T,7,7.° ]
Ma < T, B, s BXRBT H v =T, B, x 48%5 58
BT H,, 4T <x<T W, xE—CRERETH M
H, A TRIAGAR I 3R o = ff S5 R A

L, x < T,
py (2) = ((T7 =) /(T =T7), T, <x <T]
0, x=T
(2)
0, x < T,
py (x) = (e =T)/(T) =T.), T. <x<T
- L, x=T
(3)

ftEF':,U«HI(x) ﬂ],u,,z(x) S0« ARXSF H, A H, BIRIR
JE . SESEIE BEAE R A0 00 R 5 i, 45 ) 4k Fi 2% i R IR
i B BT hE 3 A

m(H,) =py (x) 5m(Hy) = py (x) (4)
K m(H,) m(H,) RS o i S e g . 2% &
TS Y R I R B B XA E R R (a7,
x]RS T 6 A3 A AT KRR

m” (H,) =min(p, (x7) py (27))

m’ (H)) = maX(/.L,,](x_) ,,LL,,l(x+))
(5)

m” (Hy) = min(p, (x7) ,py (27))
m" (H,) = max(py (27) py (27))
3 (4) i B8 (R FRe UE 435 ) 45 O J2 DX ] I 35 Y
FRRIE R AT 2R N
m~ (H,)=m" (H,) =py, (x)

6
m- <H2)=m+(Hz)=/-L112(x) ©



- 96 - LSRR R e o

937

FEAS KU AR I {FL 4 1 LIV T8 0 75 T Ak v % ) S
W00, P 2k r A8 0 B M 2 Hh 2 00 TRl sl R 1 e ¢
LU0 A5 B DR B AL, 76— E TR B L REAS S WAk v 2 T
DURE L AEE DLVERA A T T 00 LA E . i, 4
Jes TR H A B A 29 SR 5, A DI R Kt
XA R (ELE A T AL

AR e 6 PR B R B T SRR, T e
La,,b,],T." e [ay,b, ] FINIBMIBIME [7,7,7,7 ] A1
(2) ~ (4) ¥ N DUIZREAE 2 (1) ,2(2) -+, 2 (N) Fefidy
BERCRAESE m,(i = 1, N) ,m, Jedk & TR
WLIMZE R AR 2 H A S T AR RS BE 2 25 il ik
e, 3020 m, I S m, B S A A R UL 45 2R
HHSUREZ 228, BIs(7)

Ao,y = [ 3 (m(H) = m () ()

e m,, BUBOE JEI Sy 2w (i) X R 4k i 2 A T BE bk
RS, m, (H,) = 1,m,_(H,) =0;%&0M, m (H)=
0,m, ,(H,) =1, WX (7) G2 m, 5§ m, , ZE ISR
B R
G = ﬁd(mi,mm) (8)
Hop ) GIRETHERIRE [ T,7,7.7 ] WREL, & Rt
TR A o G RIS AR A R U B R i

TR LS T AEIR S AL A AR ] (L A 1A 0 i 3
T AT ENE . AR AR R .

minGs.t. a, < T, <b ,a, <T <0b, (9)
SR A LAY (9) |, 74 B Fe AR BB [T,
]

2.2 HEEESELTN

2 LK HL A P B E A WA TR AR AR, Ll R A R
SR AT RS TR0 F1 8 5 A 3] A R A TR — e R B
BT Ak ST R A, FEMR B RE
T AR S, A kB A U P fE

T FH TR Bl 100 0T R ) A 0 KA A AT A B
FERLFHLAE WH T3k ARG, 3 ¢ I 2035 3 %
ONESE N (¢ - P+ 1) ,x(t =P +2),-,x(t) ,H
o, PO NS HR RN, LN PR [ H Ty 12, 45 2]
WAEEFI x,(t =P+ 1) x,(t =P +2) - x,(t) LEF
CRITRIE R (1) TR R 2P
TTAERR , HRAE LA (P HN TR A 4 % 152 2%

, 2%;610 - i) =%; (2 (t—i) —x(t i) |
(10)
F RIS RACTE X B ENE, e MO, x,(1+ 1)
MR E R, I, R e, B 2, (¢ + 1) 378 IX 1)

B

x,(t+1)=[x(t+1) —¢,,x(t+1) +e,] (11)

SR Tk A 00 AR L, IX 1] 2 X B4 T 45 S o i
WAk 2RAE R 2B I T A8 1k, B — 2 mdt T4k
fie s,

2.3 WEIEREERHE

WY E [ 7,7,7,7 ] R o 20 R R
T () RAI(6) 152 S TR RS m, KR LT
Mg x, (¢ + 1) FRARK(S) BB BN S EEIEYE m,,, . 3K
Wom, Flm,,, J5, F—2R8EERE S, b T ks
208 FE, i Bt Al 55 53 405 AN DRI FRL 2010 K A I e R Y A b B
B E R B IR, kR A AR Ry i =
FfvAC B SE B , o8 i o £ 2 T AR 2R, 2 v e PR 9 15 5
A ATEEM:,

R TER J7 ¥, B A b — i 20 i AR 2 R E
my AT UEYE m, | U R TE S, A5 B Y TR
ZIR BB m,, IEN

my, =my, ® m, @’;Lnl (12)

T m,,, X EHERE AT, F G 258 m,, i
JEXANEE A 2, i AWiE RS, m,, R T
1~ o B2 T A e (s B (R B il R pLEE T
AL, AR AR B AR R ) R e — R B EG E
W AR e, RT LA S0 SR 9 A R S A T 25 2

HRAE TER J7, 3 (12) B (0 8 B ik 40 fil & 45
A 3SR AR S5 (B R i A2 IR AR B, B, 7R
TR A0 il T, AR A X (13) X 3 ol e A0 R AT AL
Ab3E
~ w, (1) ~
o, :m’mi(lﬂ =1-w,

[ (H) i (H)] = [@,m (H) ,0,m (H)]

[m,(H),m;(H)]

[w,m,, (H,) ,o,m/, (H,)]

[ms(H) m3(H)] = [wm,, (H) om;, (H)]
(13)
A, i=1,2,3,j=1,2,0,() (0<w(t) <1,i=1,2,3)
3
SR m, my, my o BRI Y 0, (1) = 1
i=1
ri(t) (0 $ ri<t) S lvl = 1’293) éj\%[J%%i_\‘ mr\’;"’tﬂ \ml;tfl

(AT SEIE 5 @, 370 [F) A 2 AT AT 68 38 1A A R
B0 m,(H) R RAEGE AL, 25 I e 3% ) 4k B 4% T 4R
BEA MR, R R TR X Rl& 45 R

MR/ L UESR BN AT AE s m (H) SRS ) SR (A 2 TR



5 6 3]

KL m () <m (H) <m/(H), 2 m,(H) +
m(H) =1, -

SRIG SRR (14) 19 e KAA A /MAL, 43 3R A il
AR X E MR E BTSN [m(H),
my (H) ] HREEER m,, = {[m (H),m ,(H)];
j=121

Hﬂ(%uw+@w»—[hmm]
1—k[]j[lm,,(H)]

k=X T Cm ) +mn) = TIm(mn] ™

my,(H;) =

stom o~ (H) <m(H)<m/(H),i=1,23;=12
3
S om(H) +m(H)=1,i=1,2,3,j=1,2 (14)
i=1

£ TER Ji ik  BCEAA SRR NS T A
BEMBIREE o ASCER S W T R IE 4 22 (] B AR G E A
RSB E H -5 A B U4 AR DU 7, B T2
PE A A A5, 7 5 A R

TR 22 1] AR ABLRE T L R 406 B R 6 58 S
A DX 3 s 4 B A

d,(m,m,) =

1 2
o) 2 LOmi(H) =my(H))* + (mi(H) =m3(H))"]
(15)
WA BRI B A A AL B 5 i B S I L, s A DX (]
T B TR () AR ARLRE Sy
Sim(m,,m,) =1 -d,(m,,m,) (16)
WHE Sim(m, ,m,) ,m,, m,,, Fl m, o, SRR R
NN
Sup(m,) = Sim(m,,m,,_,) +Sim(m,,r;Lm) (17)

Sup(rﬁm) = Sim(rﬂm sy, )t Sim(r?z,+1 ,m,)
(18)

Sup(m,,_,) = Sim(m,,_ ,m,) + Sim(m,,_,,m,,)
(19)

SRR FE RN HEAS IR W A UE 4 SRR
UEPE 5 HA RS B AR LR SR, i S ER AT A 2 m, Y
WEHEAE Ry .

w,(1) =
Sup(m,)/(Sup(m,) + Sup(m,, ) + Sup(m,,,)) (20)

My, WESEACE .

w,(1) =
Sup(m,,,)/ (Sup(m,) + Sup(m,, ;) + Sup(m,,,))

(21)

e AR S 1) 3000 S ) P 2 L 2 S A - 97 -
m, ., WUESEACE N .
w3(t) =
Sup(m,,_,)/(Sup(m,) + Sup(m,,_,) + Sup(r;LHl ))

(22)

BCREIE A 1 0 4 e FUE SR RO W R L X F

m, AR X4 A 220 8 2 00 (o 4k e

SRR ] 0 B SO M 7 30 5 R s TR

m, B AT B, (B SR 220 (8 (o) MR

MIEZA V(3 (1) ,0%) |, I F— B 208 5

B 2, () 7720 o o T4 A6 ML % 1 R
HHFE m, HTHERE

r(t) = (1/( V2mo))exp( =  (x(1) -
x, (1)) (20%)) (23)
o NI TR sh T O N B ) 2515 3
1 S N y2
o _P—I;(x(t i) —x) (24)

.,y POTIESRE V2 300 e 7 2 00 75 380 1 g o £ .,
A R S SE T T O i v v R S 4
XFE 53 iR 25 (MAPE ) 1 BE S Am i, X 8000 J7 32 %) o
BT T PPAN TR AR R m,,, PITTSERE .

1 = lx(i+ 1) —x(i+1)]
n(="7% 2(i+ 1) (25)
m,,_, WESE IR K A T e kARG e el

A B R IR AT SE R E, m,,, PUVTAERE A
mw=%;3ﬁlgii (26)
Wit TER Jr AR 8 M A 4550 m,, J5 , HRAE LA

RGN ) 27 s A S e
1) Wk m; (H) > my,(H,) , BIECEIE 3 46 %

Mo SRR H, (AR AR ER ) g D () = 1,
2) Wik mi (Hy) > m|,(H,) , BIHCREESE « 248 X7

Mo SRR H, (4REESIER ) WS D(1) =0,

3) HAAFAL, AR Z 20 T4, di R L — U B 45

Hmh D) =Dt~ 1),

2.4 WERNEEZSE
LT R o ] A A I B8 ) LA AR RN T
AR ) ARER AR T L RAER 550 5R 4 e

WBREN L TFTRART € [a,,b,],T." € [a,,b,] ;1%

B0 B2 R RS m
AR 2) MR BIME [ 7,7, 7,7 ] MRIE(2) ~ (4)

BN x(1) ,2(2) -+, x(N) FEH N T EEIEYE m,

SKAGACRAL(9) A BRI RE [(7,7,7.7]" .
AU 3) R B F pr R R A (R ECHE «(¢) S5, X EUHE

x(t=P+1),x(t =P +2) - x(t) BRI,




- 98 - LSRR R e o

8375

BE (e -P+1),5(t-P+2), 5t +1) HHEL
(10) 56, , ARG (11) K, (¢ + 1) 7R T X i)
x(t+1),

YR 4) SRR RE [T, 7,7 K x, (e + 1)
AR (5), 15 2 15000 8 B2 E 35 m,,,, 8 «(e) ARAS
(6) , 153 YRR IESE m, .

PR 5) MR PR (15) ~ (22) 5 i pE i 4 4§
w, (1) RIER(23) ~ (26) G T 5L r.(1) .

I 6) M (13) X BEUEYE AT INA AL 22, AR f5
SRAR I (14) B R/ IME R I KA, 15 30 B TiE 4l il 25 21

IR T)ARIEES 2.3 124 A EEEAR I N R om
FRE S BEAS  H D ()

ZIGHEEPATHIR3) ~7) , AT LIAG B B 2 44
i I B e S 5 2R

3 HESREERNTERERS T

3.1 HEERNETE

R P 8 L s ] 3000 2R 6 %o 4k F 2 AT AR 45 3
5 000 ZHEBFEI A B W R 4 P 7S , B kb B AE 58
3 750 AIEH BT, Ay BT ECHE T B Ak F 2 B AR VR
T R TE] A 502 s JE/NE 220 ws, B WU, 2k
i il P SRR R, 25 B 7 A e A b S 2 SR
Tt WA R A 100335 ] T 1 A 07 A bk v 2 s 10 o AR B
NIRRT B o 0P HL i, A28 56 1R e A
FIWTAk g2 A T R RO S T B g A B ik
2 (1 I B A T B9

4000 5000

0 1000 2000 3000
il 4

K4 AR () R
Fig. 4  Super-path time data

PEHUES 3 001 ~3 200 ZH A A 0 1E 5 R A 1)1 24k
P’ (1) ,x6'(2),-++,x'(200) ,55 4 101 ~4 300 4 EcHElE
Ry M R IR A B IR B« (201), «7(202) -1,
x'(400) |, JH TR AL BOR B {H ; LEHREE 3 401 ~4 100 44
Pt Ry e A K HE « (1) ,2(2) - ,x(700) , Hoh
x(351) ,---,x(700) g2k ef 75 Beott Mo gt

T2, AR AE A 2k e 2O U A T 1 R S

Y E A B N R A RSN T, e [255,
270],T" e [275,290] ;[RIAs, SR UM Iy 2205 65 F 48 R
LR BE (CMA-ES) sRAFRAALALAL (9) , 15 B B AR 15 (A
(T ,T."]" =[265.6,285.3] ,

SRJE , BEE M ST 1K/ P =20 ARYEA TR 4) 155 1
WX x e+ 1), [T.°,T.0] Fix,(¢e+ 1) WK S PR,

3401

20 e ons oue w A
3 e - = — — FWIXF
= 300 o
%280" R R
B 260 RN AT UDL 1 Eey 7N IR
20 ot O
e " .f‘ *d
220 . . . . . A
0 100 200 300 400 500 600 700

WERHK
Pl 5 AR (AT X i)

Fig.5 Fuzzy threshold and prediction interval

HUGHMA LT, 101 M () Fx, (e + 1) 23005
AR M HT R AENE m, NSO AR m,,, , BEE O B2
AR SR R A

my = { myo(H,)= mTZO(H1 )=0,m;(H,)= m;;o(Hz): 1}

VIR B 20 8B R E I AL TR w,(¢) FIAT &6 3
ri(e) P IER D7 i ARREG AR R YT FO 3 il
AR S FB SRR m, I 6 B

1.0

0 100 200 300 400 500 600 700

(a) m, X H, X A2 I AR

(a) Interval probabilistic quality assignment of m,  to H,

mg,,(Hp)

0 l(I)O 260 360 400 506 6(‘)0 760
t
(b) m, 3 H, IR X [B) R o B WA
(b) Interval probabilistic quality assignment of m_to H,
6 BURHRESE m,

Fig. 6 Cumulative fault evidence m, ,

SRS, AR A BRI F 4 | o, A5 30 A DU i £
D(t) (& 7 FR,
3.2 MERNE RS

MBS T LAt B 7343 sl i 32 e R i L, Tl



%ol FL T FR R 1) 3000 2 ) B T 20K B 88 A R A ) - 99 .
_ 1.0
= gi 4 # i
@_;? 0.4
02 X BAG L R 0K i 7 e A G N 3R s AR 14 ) R
0 100 200 300 400 500 600 700 AR SCHR T — o 5 R A s R 00 ) L 1 0 T [ AGE

1

K7 SRR 4 s D ()
Fig.7 Fault detection output D(¢t)

T DX B A AT DA Sz e Si2 o 5040 1 728 1k 71 ] R 0 b, 245 85 e
B R S s, T AN 1 5 Wl e i 2 e B S0 8 80 A
FETE AR Y, REMEAR 38 T 00 AL A B 2 . KL 6
ATLAE ) ARG i Bk 1 DX a) M 48 5 1) P A
b, ik sy S B PE R B 25 5y o3 B RGBT 7 AT DR
R AAER 329~350 A1, Tl K AR AR SR 351 ~ 358
HEHE, S55 - 6 F T Al LRI, SO 45 S PR Tk 3
T AENFEIX AV T, BE A 80 N B S I 2l 0 A
WARZm PR I A Y 22 s KA T 4k e AR
A S R AR BT R BE R B AR R A
B P, T B0 [ il s T i 1% 9 BE 3 A, ik 1 AR DAL
il o 2R FEPR I 2 o B e L e B4, sl B 58 D
Ry akel kA
IR UE BT 5 7 1 A S8 [ IS AR S5 | 5 R
(i RISCER 20 ] HEA T SE X G A5 R AR 1 R,
F1 HEENFERRER
Table 1 Comparison of fault detection effects (%)

Wik LSES IGENES
ER &% 3.2 8.5
IER F{EAEIE T 6.3 7.4
KIT5 ik 5.4 2.0

TEARPS I ER %4 7k SO U BGR 2%, iR AR
DR LUK (B AR R AR R, 285 13 N8 s
ISR IR LR . TER BUE AR A J5 v, PE A 46
RS H AR L R AR BEE TR I A 8 7 7
—E MR RIS, & ARSI 2 % (8, S 28U
P B4 X 18] B (A 85 52 P, RORANEE

ARICTTER LR G RO T LL LA 5 3%, He 2
DE T 3o e B U ik AR R 7, B B 5 B AN T AL R
AT L i BR R 9 S A ML, O LT 5 e A A
BB (R, PRUE T S BRUE b B vER M A7 ROt B T 1 RS I 4k
HLAR B AR A BE T 5 RO AR AR R RS P g LA T i i
7L, 58T Ak R A M A AL PR AL | RS AT Sl
P BB ) e PR A, T e A s P WAL 5 T 45 2R
X EE, % 8 T B AS R AT SN, 4% T X A IR
SRR AL B DX TR AN 5 1R AL O

M7k, SLEAEREN

1) ARIESI N DS LR ST i B R AR I
RN (01, 08 o 0 b 2 Wk by 21 T8 A8 Ak, Wkkh T2
B RNV BE THERA A 0 AN 2 PR R

2) FEL IO R RRAR S, R S I 2k rl, 45 55 1) i e
e XA A T 25 R 1 T P A A E T, B
—E ML THLRE ) .

3) HITASSCr B 75 1 Ak i A G g ) A
FHIE, TESE AR B 7 SURF 5 2k i 5 s AR R 2405 1
AR, 5L AR LG R A
BE3H
[1] F®EE, #1784, k. pgakh 287 i LR

AREREFAR[T]. Wi SRS B AR, 2016(2):
1-8.

ZHAI G F, CUl X L, YANG W Y. Overview for
development  of

research  and  technologies  of

electromagnetic relays [ J |]. [Electrical & Energy
Management Technology, 2016(2) ; 1-8.

[ 2] RAMIREZ E, SAGUES C, LLORENTE S. A new model
of electromechanical relays for predicting the motion and
electromagnetic dynamics [ J ]. IEEE Transactions on
Industry Applications, 2016, 52(3) ; 2545-2553.

[3] LILL, MAD]J, LI Z G. Cox-proportional hazards
modeling  in  reliability  analysis—A  study  of
electromagnetic relays data[J]. IEEE Transactions on
Components, Packaging and Manufacturing Technology,
2015, 5(11) ; 1582-1589.

[ 4] AFBe, ZREf, M5, S e il nUB AR 7T K

HIBERE W ()], BT H AR, 2020,
35(1) . 125-133.
FU R, LIANG H M, YE X R, et al. Analysis of the
contact overtravel of contactor and its degradation state
evaluation [ J |. Transactions of China Electrotechnical
Society, 2020, 35(1) . 125-133.

[5] LIUL X, YANG W Y, CHAT Y Y, et al. A new
theoretical model to study the closing bounce

characteristics of the electromagnetic relay under

IEEE Transactions on Components,

2020,

capacitive loads[ J].

Packaging and Manufacturing Technology,
10(8) : 1358-1366.

[6] CHEN X L, GAI J Y, LIANG Z N, et al. Adaptive

double threshold detection method for range-spread



- 100 -

LSRR R e o

8375

(7]

[8]

[9]

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

targets[ J]. IEEE Signal Processing Letters, 2022, 29
254-258.

SUN Z J, LUO Y Z, LI H Y. Uncertainty-dependent
warning threshold for spacecraft rendezvous collision
probability [ J ]. TEEE Transactions on Aerospace and
Electronic Systems, 2019, 55(1); 2-16.
YANG X, LEI K J, PENG S L, et al

expressions for the probability of false-alarm and decision

Analytical

threshold of Hadamard ratio detector in non-asymptotic
scenarios [ J ]. IEEE Communications Letters, 2018,
22(5): 1018-1021.

LIU J Z, CHEN F, FENG M Y, et al
distributed  quantized
bandwidth [ ] ].
Electronic Systems, 2022, 58( 1) : 406-419.

ZAMZAM A S, LIU Y J, BERNSTEIN A. Model-free

state estimation using

Diffusion
state estimation with variable

IEEE Transactions on Aerospace and

low-rank canonical polyadic
decomposition[ J]. TEEE Control Systems Letters, 2021,
5(2): 605-610.

LOUIS A, LEDWICH G, WALKER G, et al
Measurement  sensitivity and  estimation error in
distribution system state estimation using augmented
complex Kalman filter [ J]. Journal of Modern Power
Systems and Clean Energy, 2020, 8(4): 657-668.

NA J, HE H R, HUANG Y B,

estimation of asymmetric

et al. Adaptive

dead-zone parameters for
sandwich systems [ J]. TEEE Transactions on Control
Systems Technology, 2022, 30(3) . 1336-1344.
BELEGA D, PETRI D. Algorithms for real-valued noisy
damped sinusoid parameter estimation[ J]. TEEE Open Journal
of Instrumentation and Measurement, 2022, 1. 1-10.

HAN D, BAI T Y. Parameter estimation using EM
algorithm for lifetimes from step-stress and constant-stress
accelerated life tests with interval monitoring[ J]. TEEE
Transactions on Reliability, 2021, 70(1) ; 49-64.
TANG S W, ZHOU Z J, HAN X X, et al.

evidential reasoning rule considering interval uncertainty

A new

and perturbation[ J]. IEEE Transactions on Cybernetics,
2023, 53(5): 3021-3034.

WU X M, WANG D H, CAO W H, et al. A genetic-
algorithm support vector machine and D-S evidence theory
based fault diagnostic model for transmission line[ J].
IEEE Transactions on Power Systems, 2019, 34 (6) .
4186-4194.

JIAO 7Z B, GONG HT, WANG Y F. A D-S evidence
theory-based relay protection system hidden failures
detection method in smart grid[ J]. IEEE Transactions on

Smart Grid, 2018, 9(3) . 2118-2126.

[18] LINY, LI Y Y, YIN X H, et al. Multisensor fault
diagnosis modeling based on the evidence theory [ J].
IEEE Transactions on Reliability, 2018, 67 (2):
513-521.

WENG X, XU X B, BAI Y, et al.
industrial alarm decision method via evidence reasoning
rule[ J]. Journal of Process Control, 2021, 105: 15-26.
JAEA, XV, e T, . — M TR TR
AN TRIIEE HE PR A SRR I 7 vk ()], A sl
2020, 46(12) : 2628-2637.

ZHOUZHJ, LIUTY, HUG Y, et al. A fault detection
method based on data reliability and interval evidence
reasoning [ J]. Acta Automatica Sinica, 2020, 46(12) .
2628-2637.

EEE N

[19] A data-driven

[20]

BE (EfEIEE),2000 45T HFFHL
K ARAT 227, 2007 4FF 5 PRIIR AL K
SRR L2, B RIIR R R F Bl ik
SEBEHR , RO ) b B L
AR ML NBARH]
E-mail ; caijun@ cqupt. edu. cn

Cai Jun( Corresponding author) received his B. Sc. degree
from University of Electronic Science and Technology of China in
2000, M. Sc. degree from Chongqing University of Posts and
Telecommunications in 2007. Now he is a professor in College of
University of Posts and

Automation, Chongqing

Telecommunications. His main research interests include control
theory and control engineering, and application of robot technology.

B 77 7T, 2018 4 T 5 PJRIMIE L R 27 4R 15
S eI DA T E05 N 3RS N2 7 R e
FEWTT 0 RN B AR S A S
E-mail; qiaoyuanxiao@ foxmail. com

Xiao Qiaoyuan received his B. Sc. degree
from Chongging University of Posts and
Telecommunications in 2018. Now he is a M. Sc. candidate in
Chongging University of Posts and Telecommunications. His main
research interests include detection technology and automation
device.

R, 2020 4F T 5 PR LR 2 4R 15 27
AL, By o R R H R A AR 32
BT D5 1] A A H AR B F Sk
E-mail; wufan2978@ 163. com

Wu Fan received his B. Sc. degree from
University  of  Posts  and

Now he is a M. Sc.

Chongqing University of Posts and Telecommunications. His main

Chongging
Telecommunications in 2020. candidate in
research interests include detection technology and automation

device.



