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A Fault Detection Method Based on Data Reliability and Interval Evidence Reasoning

ZHOU Zhi-Jie' LIU Tao-Yuan' HU Guan-Yu® LI Si-Zuo®* LI Gai-Ling' HE Wei*

Abstract In order to solve the problem of the fault detection method in dealing with data uncertainty, a fault de-
tection method based on data reliability and interval evidence reasoning is proposed in this paper. In the proposed
method, the interval threshold can be updated and optimized by integrating expert knowledge and reliability of
monitoring data, and the accuracy of fault detection can be improved. Firstly, the data reliability based on the in-
formation consistency method is calculated. Then, the updating and optimization model of the interval threshold is
established based on the interval evidence reasoning. Finally, the optimal alarm threshold interval with minimum
false negatives and positives rate can be obtained by solving the optimization model based on projection covariance
matrix adaptation evolution strategy algorithm. Two case studies of oil pipeline leak and aerospace relay acceler-
ated life test are used to study the problem of fault detection. The effectiveness of the proposed method is verified
by analyzing and comparing with several other methods.
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K46 BAE X ) e 9 X () EAS 454, sk 1.

R 1 IR B A X A B B
Table 1  Interval belief degree of initial
threshold interval

PS5 X 8] B 1% B
Hy [0,0.0214]
Hy [0.7538, 1]
Hs [0,0.2462]

NET R TER Rle, A (16)~(18), ¥4
AL BAS A IX I B S, Ak 2.

*2 MEIEE X A B
Table 2 Interval belief degree of monitoring data
B¢ H Hy H;
1 [0.8571,0.8571]  [0.1429,0.1429] [0,0]
300 [0, 0] [1,1] [0,0]
x700 [0,0] [0.9167,0.9167]  [0.0823,0.0823]
3.1.3 IER BEEFHSMKL

) B 1) BT S AR A I R ) IX TR R 5
YE A B R A, B wy = wo = 0.5, IRIER
(23), 193] ©; = 0.8333, @y = 0.7270.

1) BB X . 5 o FIWI4E BIAE X
8]y =,y XTI ESEN (H, (8,8, ,])5 O, @

AN X [AJUE S HEBEAR Y | BT P-CMA-ES 52
SRABAZAACKRE Y, B fe K e/ IMEL 23 3l 9 S A [X ]
BIEER) E R min 8, max 8,,),, FIFL, AKX 2o, - - -,
w700 5B BT 13 B LK X 4] B S B [min 8, max B,]500
R I () 5 B R AR [X 1) 515 3 S50 e 4 i
XA [y, yH 00 -

2) BE X E I tk.  BL 500 2 1E # RS E
X[y~ y g0 BEAT WBEAG I, G871 W 1R 4% w; 5
Ah 500 AR S EE, giit HiERiRE . BT
O TE A AT FE K, 1 2 R R AR 2 7 T
FEN RS 77, W] LA A W W 2 r A s 4R AR 4R
ISR AR R, Rk, R G IR B K = 1.

e A0 A5 208 B AE [X (8] 4 [0.9296, 0.9443] B, #k
e A6 0 P R IR AR R B /)N, w = 4.80.0%, 1 =1.80.0%,
G =6.60.0%. I X 8] B A5 2544 (1) 5 Fnd 72 W% 3.

* 3 BRXIEEEEE R
Table 3  The update process of overall interval
belief degree
BRI 6 EAE H, Ho Hs

[min 8,,, max 8,],  [0,0] [0.7910,0.7963]  [0.2037,0.2090]

[min B, max Bn]s,  [0,0] [0.8751,0.8816]  [0.1184,0.1249]

[min B, max Br],0,  [0,0]  [0.9262,0.9507]  [0.0493,0.0738]

NIGUE TSR T A R, K A SO BRI — b
B TRl rTEEPEAT IER HBRE AL 7V 5 2rd 8
TR R F Al BB AU A T iR AT 1A, BIE X 1]
R RCR IR 4 P,

®4 o SRR LR (%)

Table 4 Comparison of fault detection effects (%)
Pk 7k B BihE ek G
R [0.8925,1.0477] 0 9 9
PN R 2% [0.9832, 1.0990] 0 12 12
TERJ5 2 [0.9510,0.9749] 0.6 7.8 8.4
IER (r;) [0.9296, 0.9443] 4.8 18 66

FE b TR il T R A R DA S o

1) FP2 ™ 28 J5 i AL RS FE 52 90 46 2 i) 5
Wi, IS HEENLS €, %SRBI, WIS s 4
RSB ZBOR, IR [ N R i i AL,
TR AR RAE

2) e BIAE X 18] o 5K 45 A S I s
Gtk oM 5 SRR R, B & @ raE A, (=
FEBRZ H I ST RE
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3) IER J5iEMAL KRR TP, XA Ti%
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Ve, 10 HAESE LB ) H G B T TER
JIik R R L R A2 i s, 2 RS AT SRR TER
PATHERB R T A S A FEVER TER Tk

LR B RTIR, T Kt n] S A X TR I 3
AL T VAR B AR R IR AR R, ORI BAL T
HoAt 759

3.2 ARRUKER B ANIRE v iK L5

RER IR R A 2= AR AR 1 &
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R VLIRSS ) L PL JRC-TM fii K 4k L 28 A
%, 75 JRC-TM 4k 1 2% [ I id 75 iy S 4w e B an
7 FoR ) 5 800 LI A I ] 445, 4k HE 2% A B
(8] MEIAE 3 500 A A e Ab T B RetR s, g Bl 5t
#i:%?ﬁ':] 300 éﬂﬁ?ﬁ T1,T2," " ,T300 ’f/lfj'\jfﬁ 1 éﬂ%%
IR EHE . 7E28 1 L300 R R ALA B 20 214,
YRS 2 A SR FINGEE o), o), -, xhy (10
7 BAAFRICEIRE ). 2 AR IR AR IE F RS %
HU 200 4 %48 1 v ik R 52 U i 2 10 0 4k 2 9
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Fig.7 Pull-in time data of JRC-7TM relay

321 MRBEAIEEITE

HRPE JRC-TM R K 4k 28 B UL BH , ¥ B WI4R
BI{E >4 [7.6000, 7.7000] , FH-45 EWIUEBUA [y—, v+, 1
AR Ny~ € [7.57,7.64] Ayt € [7.65,7.73] . Fii K4k
FEL B N T S, 4 R AR O T RS T SR
r,s =71, = 0.98. MR (5)~(8), BUATFERH T v =
v =08, THEAFRIE 1 HIZREIRE 21, 22, -, 2300
PRI EESE v = 0.8680, 2 2 HUIGREH o, ab, -,

2hoo MIFTHERE ) = 0.8742. WIGHBIME X (8] &K &
IS G T B RS 2, HATEERE A vy = 0.8500.
3.2.2 EHTFIER HEEHSMHL

E NI R Hy RoRIEH, Hy R
b, HyZoon/wEiils, HS%E 0, = 6.5, Hy = 7.52,
Hs &R Z R4k 330 A A 1] 1) 75 S g ek
Yaea s, HAtioh Hy = 7.96. WIEEFRLR, K = 2,
PAT IR 0 R 5 W5 21 S0 8 o8 37 5 1
X 8] BAE &5t ank 5 F13K 6 Fios.

x5 H1HBERM SR B EEERT R
Table 5 The overall interval confidence update process

for the first set of data

SOARIX ) B A Hy Hy Hs

[minB,,max B,],  [0,0] [0.7093,0.7619]  [0.2381,0.2907

[min 8,,, max Bn],0,  [0,0] [0.6842,0.7135]  [0.2865,0.3158]

[min 8,,, max Br]ag,  [0,0] [0.6547,0.7488]  [0.2512,0.3453]

F6 2 H R E EAE R AE
Table 6  The overall interval confidence update process

for the second set of data

SR X ) B A R H, H> Hs

[0,0] [0.7093,0.7619]  [0.2381,0.2907]

[min 3, , max B,];

[min B,,, max Bn]y0  [0,0] [0.6837,0.7156]  [0.2844,0.3163]

[min B,,, max Bn]yee  [0,0] [0.6466,0.7402]  [0.2598,0.3534]

51 H B 2R R A0S 20 0 BB X TR N
[7.6305,7.6719], LI RIFIRE w=9%,1=0.5%, G=
10 %.

52 AL BRI 2R BSR4 AS 2 0 B X
(824 [7.6343, 7.6755], LLESIRIRHCRE w=9%, [=0.5%,
G=10%.

P E PG I T IER ML )a, BRIME X (A4S
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B BRI AEL IS, AN 52 07 sh B p sg i, 5 A E B e
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I, AR AT URI T TER S350t 48 X 8] 3k 4T
AR T EAR 02, BdEE k20 R X
(i) B8 37 P v A

T I bR vt A YR A ) S5 S R Ak F 2
I3 75 i MR S, S0IE 75 s nT FE 1 5 X ()
I 5 L) A B A DN 7 v A Ak, DA R LA i vk
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