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Abstract: This paper presents an evidential reasoning (ER)-based method of fault diagnosis by combining uncertain
information of various fault features collected from multiple sources for fault decision-making. A normalization approach
is applied to acquire diagnosis evidence from the likelihood function of fault feature samples gathered from information
sources (sensors). A novel method is proposed to calculate evidence reliability according to sensor accuracy specifications
and the differences of capabilities in recognizing fault modes through different fault features. A bi-objective optimization
model is presented to train evidence weights to reflect the relative importance of evidence. The ER rule is then applied
to combine multiple pieces of diagnosis evidence, which are regulated by their weights and reliability factors, and fault
decision-making can thus be conducted on the basis of the combined results. The proposed ER-based fault diagnosis method
inherits the main features of Dempster-Shafer evidence theory in uncertainty modelling, while providing a systematic
process for explicitly taking into account the reliability and importance of evidence, thereby enabling rigorous inference
and robust decision making. Finally, a diagnosis experiment on a rotor test bed is conducted to show the effectiveness of
the proposed ER-based fault diagnosis method.
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3 R #E B (ER) ¥ % i2 W J7 ¥ (Evidential
reasoning (ER) fault diagnosis method)

3.1 FETHEEREALUR R EUR— RS WriEsE IR
EXj:Tf(i(Diagnosis evidence acquisition method
based on normalized likelihood function of fault
feature samples)

WHEEFO = {F, -, F FN} FARE
WA OT AN TR, « = 1 2,---,N,NRik
RR AR 24 &x%ﬁ%%&@%ﬁﬁ%ﬁ%@*ﬁﬁ\ﬁ
B F; 1) ke B AR AR AR B, AR AE AR B ) B R 15 R
TR R IR AL, MR F R AR IR P 64~
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Table 1 The casting matrix of fault feature variable x
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Table 2 The evidence matrix of fault feature variable x
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3.2 EE AT 544 R 7 B3R ER J5 #5(The method of
calculating evidence reliability )
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K, X HoAth M A 15 B R AE R /S T SReer X AN
Mk & O FIRE IS (1/(N + 1)), AV erxf
2N h@ﬁﬂﬁlﬁ%ﬂ@%ﬁﬁ?uix “IfREEGE
F*Fmﬂ” =[1/(N+1),1/(N +1),---, 1/(N+1)],
LIJTLM%EXQ Ly 2 6] I BK B B B dg (eF , ) F T &
Hel PR

Rff =dg(ej,~) € [0,1]. 9)

,,,,, R, RN ef B Ty, WASHMERE
f@d\ TR K RE TS, S .

BN R W R B TR SRR AR AR B i) 45 K
FUF B A G AT S, MRS AT S, FTRA
IR Z T ok 8. IEIRE A BT ={ef|l=1,2, - -, 2N
— 1} RETREARAR X (8] 17 A 1. E%ﬁr%’i&ﬁxiﬂﬂ
BN ISR T, HRE S BB E = A%
MRZE, Bk, 72 AR RS RIURE AT, XHAREAR
A% B — A% K HF), vHH XSG B KA A
FENITAE EE oy, o <. oy K, BLH
P UL FE TSRV, T8 B A B TEE e AN AT
FE. BT LASE X AR AR ZE AR A X )4 iR 22
S ey AT SRR A

Rnf =" co,1]. (10)
Y/
&G, iEdEer LRE AT SRy AT ORI (10)
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= RfF x Rn? € [0,1]. (11)

AR, ry R, WA BRI UESE ef BT 5E.

3.3 FETXH PR RERY FE 35 E A E VI 25
77 #(The method of training evidence weights
based on a bi-objective optimization model)

B e T A% AR SR A 3P i PR A A R, 2,

o HIREAS, B %A@ {Fy, -+ Fiye o En PR

ke, ZESRR BT, Ul B e b R DAL R R SR UE S
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B G RIN B ARG EE N KT 21, 20, 25
HIIZRREA T B
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T INGREAE S H R —DMER R, EbE

PR — 2 WHER AL G, Bl “e5t, e, e3° 7 . IR,
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A FHERA AT LAAS 2158 o 20 UE 378 41 & 0 Rl 7 &
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HA: a2 i e E NI HAMITE AN + 14 M)
&, age BN + I TCE N, HAL T Hor v &.
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FEEREN . dp R G SR ESH MR T
BRABERS, BERT P, o) ME IR AR E,BO
Z AR, D, (W )fﬂ‘meFiTQﬁFéﬂAFﬁfgﬁﬂA%
REFFRSRAEMBERIFRE. D, (W) /NS 2
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U E S /MDD, (W) R BRI S BEW A
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E[:R e

D, (W) =

(14)

i dg(Wk, WH), (15)

;E:EP Wh= [whwgv : w]2€N+1]7 Wk:[wlfawga' )
wQNH] JFHERAMEHENSHME KR EESEEor
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Sgafhrh R E. Bl = rfARANKA3) TR
BD, 1 KMEDS, WD = 0. DI & /MED;
0 < wp < IMARF, d@id &M D, (W)3R45,
IR D XMW RN (15) B A] SRAGAH 1) D,
S P B W R T8 2 T B B9 R 7 VA B SR AR
A AL (IMMATLAB3 A4 A6 TR i) fmincon iR
BORE. FERBBRMHW 2 5, Bia] F) FHERE: &
WA A LR P, o (3) = [ptll,e(B)pg,e(S) p?\/,e(S)
P o)) RJE, ZET LT A NDRES 2 45 R
KM 1 R

max(p‘ie(g) pg,e(S) p?v,e(3)pq@,e(3)) = pg,e(S)’
TR REARFAIE 1) BT N P Bl &5 SR ) iR T
#EW 2

maX(p‘i,e@) pg,e(‘&) p(]]V,e(S)pq@,e(S)) :pq@,e(za)v
TR 5 B AGE. o) 0 . )l 85 SR 1) iR T e
TP AT —AN" | IRRITEIA TR
I FH AL SR AT B pe SR 45 2R, W] DAM I
RGN AT Rl ey

&3 BRAH M R R RA SR
Table 3 The confusion matrixes of fused diagnosis
decision-making

Rl AL as R
pus7y
P -+ F, --- Fy o
Fr nyi - ny; oo MmN nie 0
[iVd
e Fi ongn oo may oo N nie 0
B Fy nng -+ nNg 0 MN,N NN O

!
e nei -+ nei - nee 0

ne,N

T3, ng (s, t =1,2,--- , N, O) RN B L
KA Hy FLERE RO, T ZREA T N Rl A 45 S <7
FES R, B O, s = ¢, TR BE i
BEAE IERIS T

24 FH ZA16) X H AR AL R 3R 18 B AL W
I, L BRI E A a. affEEENEAE “ IEH2
W ZGAEARN R, = n1g +noo + - + vy +
ne.o(TREHFEXT AL ICE Z ANE R IHEN.
Tk nT LUE S LR BRI B R m i AU E a:

1) AR EwFEETEE A0, 1], BYME R, B
FRA3)HFIRX(15KE DS, D, D, D

2) PLO2MIBKAEOR 1 2 [8)38 [ a R R AE, 34T XX
HAREALTT 38450 = 0.2, 0.4, 0.6, 0.8} R VR S FE,
M FRRTIR R, R A BetE M a;

3) LUBIR2) IR E K a sk H 0 i 3 SRS B PR T4

X, FFEL0.272" Jb KERDIR?), n JB B2
R EL, B X TR T e A a X N PR
FFEREEAR ], AT G2 X 8] () P B R — R
A AR B o FREUE.

4 FEHRHLEE T BB KSR KA

diagnosis experiment on a motor rotor test
bed)

4.1 HPLFE T L% ¥ B (The experimental setup of
motor rotor)

AL UL HHLA TR 2 T A 1 B AR SO R
Bk LA NZHS 2R Z D Re iR 5,
YIRS A A% I8 AN I T B A% A% 0 ol e B AR 1
SCHEPRERK RIS BT ) R IR E 5, £HG-
802K FER 5 T 1L 2 1 E ML, SR J5F HLabview
BT BIHG-8902 48 45 73 A1 W A1 45 2 i T = 3 hn ik
FESTG LA S N s 3 A7 P S A 1 A i B R AR AR
2014],

SATERR G EICE DL 4R AR 1B
BATF,, ¥ T AP, ¥ T A X Fy, B R E)
Fy. I K& LI B 0 7 i vl 40, 51K 2% #R3)
F10) WL R T 4 7 A — 8 A 4 PRI I 3 M 184 m B
RO, X EEEX ~ 3X S L SRR 5
AL P IMEAEAE A R R R AR B B B T3 Ay
1500 r/min, W] % 451 X H25 Hz, nf FinX, n = 1,2,
3,-+ A (n x 25) Hz. ¥ HI1X ~ 3X KRB IE
1B DA S I SRS A A AFMRRAE AR B AT 25 B i R SR
SR B 3% B R 3R B A AR B MR ZE A =
+1%.

4.2 KREUZ Wik 38 & H W5 ¥ B ¥ (Calculating
diagnosis evidence and reliability)

FIRSE3. U7, B 5 T e A S5 o Fry e
PHRIEZE A6 = {F), Fy, F5, F,}. % F1X,2X,3X
PRI AN I S ) (67 3% P S R X 4 MR AR AR |,
AAEARh i R R, DA (A [ BB A = 16 siE 4R
86 = 5007k P & AE, B A] 3R EX 2000 W & (I 2R
A, FH T S MU R R AIE AR B Ok T AR U R 2N — 1 =
TANFE AR AR AL X ], B84 BT LA 2450 5 4 48 & X
AR R, A2 28 M FEARAR X (8], AH N R RUAR
FENRA—TH7R. R B BRI, B X S b 4
HR AT TR LI IR, AFLEREA B i s R
SR BL, B LS OFE & AN X 8] A SRR,
Hrr:

I* =1[0.0681,0.1517), I,* = [0.1517,0.1567),
;% =[0.1567,0.1602), I,* = [0.1602,0.1706),
I}* =[0.1706, 0.2006), I;* = [0.2006,0.2050),
I =1[0.2050,0.2176);
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Table 7 The casting matrix of fault feature variable

“displacement”

HORRARFAIE “AiR8” KIREAAR AKX (6]

Rl N7

[ BB i b e i i
w1 386 113 1 0 0 0 0 500
g2 0 0 0 2 497 1 0 500
xFs 0 9 88 73 290 37 3 500
wFi 0 0 0 0 319180 1 500

© 0 0 0 0 0 0 0 0

Bit 386 122 89 75 1106 218 4 2000

I7* =10.0403,0.1422), I2* = [0.1422,0.1478),
I2* =[0.1478,0.1571), I?* = [0.1571,0.1621),
I2* = [0.1621,0.1865), 17X = [0.1865,0.2010),
I2* =0.2010,0.2147);

I3* =10.0446,0.1179), I3* = [0.1179,0.1327),
I3* =10.1327,0.1365), I2* = [0.1365,0.1707),
I3* =[0.1707,0.1754), I3* = [0.1754,0.2096),
I3* = [0.2096,0.2718);

1% — [3.6010,3.9090), I = [3.9090, 4.0004),
I — [4.0004, 4.2900), I = [4.2900, 4.3850),
I — [4.3850,4.8510), I'"® = [4.8510,5.0673),
I — [5.0673,5.2160).

R4 XTHEFELTETIX R EIER
Table 4 The casting matrix of fault feature variable 1.X

HRRERFAE 1 X A ARALIX 7]

nx X X X opxopxopx

St

ﬁ 494 4 1 1 0 0 O 500
s Fr, 0 53 107 318 21 1 O 500
* F3 0 0 10 66 417 6 1 500

ZQAFAL 0 0 0 0 332102 66 500
e 0 0 0 o0 o0 o0 0 o

Bk 494

57 118 385 770 109 67 2000

RS XRTHEHELE2X R EES
Table 5 The casting matrix of fault feature variable 2.X
HRRRFAIE 2 X FRIREAARAL X 1)

R R o o Eo o o

Eit

4% 0 1 0 1 0 0 500
g2 0 3 6 3545 1 0 500
xFs 00 0 6 359134 1 500
s 00 7 169 297 126 500

© 0 0 0 0 0 0 0 0
B3P 498 3 14 42 884 432 127 2000

KO XTHEFELTSIX I ELES
Table 6 The casting matrix of fault feature variable 3.X
HRRARHE 3 X FIREAAR AKX 7]

;R EX X X X X X

Bt

i Fy 480 19 1 0 O 0 O 500
s F, 0 0 O 0 0 49 1 500
% F5 0 0 0 159 24 177 140 500
] Fy, 0 214104 181 1 0 0 500

e 0 0 0 0 0 0 O 0

BIF 480 233 105 340 25 676 141 2000

MRIEVINZRFEA KB R, AT LU 3K(6) 73 2141

I B ABLAR ek 4, 9 (T XHALAR B 503 — A3 2R
Yaer =[pt,, 5,05, 051, 06, X Bl B HF fike €

{1X,2X,3X, fif}, 1=1,2,--, 7, WIFRS—11F/R.

A 8 R THIFHRAELX 69IEE4E 5

Table 8 The evidence matrix of fault feature 1.X

TRREARFAE 1 X IS WHIE YR

elX edX edX X olX X X

Fi 1 0.07020.0085 0.0026 0 0 0

iE P 0 0.9298 0.9068 0.8260 0.0273 0.0092 0
& P50 0 0.08470.1714 0.5416 0.055 0.0149
eXF 000 0 0 0.43120.9358 0.9851

e 0 0 0 0 0 0 0

A9 KT HBERAE2X 09 iEHE4EE
Table 9 The evidence matrix of fault feature 2.X

HORERFAL 2 X RS IR

XX BX X X X ax
F 1 0 0.0714 0 0.0011 O 0
ik F» 0 1 0.42860.8333 0.5147 0.0023 0
#®F 0 O 0 0.1429 0.4061 0.3102 0.0079
XF, 0 0 05 0.02380.0781 0.6875 0.9921
e 0 0 0 0 0 0 0

& 10 X T ¥ERFAESX A9 IEHEHE %
Table 10 The evidence matrix of fault feature 3.X

WRRRRHE 3 X (IS W3
e3X 3% 3K 3K X BX X

Py 1 0.0815 0.0095 O 0 0 0
iE F> 0 0 0 0

# F 0 0 0

0 0.7382 0.0071

0.4676 0.96 0.2618 0.9929

X Fr 0 09185 0.9905 0.5324 0.04 0 0
C 0 0 0 0 0 0 0
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& 11 HEHAE 1547 WiEdE4EE
Table 11 The evidence matrix of fault feature
“displacement”

WAL “AiRs” B2 ITIEE

6{11)[fg 61}% egﬁz

e?g eéﬁz CEZE 61;?%

Fi 1 0926200112 0 0 0 0
iE B 0 0 0 0.0267 0.4494 0.0046 0
# F 0 00738 0.9888 0.9733 0.2622 0.1697 0.75
R0 0 0 0 0.2884 0.8257 0.25

© 0 0 0 0 0 0 0

FESRAFUEPE A B A a5 F =0(9) A28 (10)
HEAEERFRFFRAF, R )5 BRI DFEEE
BB EA MR Frr, KEE R oA mR12—
157,

A2 AT HEAFIELX 69T T T
Table 12 The reliability indices of fault feature 1.X

#*ox opxonxopxopx X

Rf™ 0.8944 0.8182 0.7934 0.7153 0.5291 0.8239 0.8778
Rn}X 0.9939 0.4737 0.0847 0.6260 0.8610 0.0459 0.7313
X 0.8890 0.3876 0.0672 0.4477 0.4556 0.0378 0.6420

A 13 XTHEBHIE2X 09T H T
Table 13 The reliability indices of fault feature 2.X

2X 2X 2X 2X 2X 2X 2X
h I I3 I I3 Ig I7

Rf?* 0.8944 0.8944 0.4886 0.7179 0.4857 0.6074 0.8857
Rn* 0.9980 0.3333 0.7857 0.2619 0.8948 0.7685 0.6850
% 0.8926 0.2981 0.3839 0.1880 0.4346 0.4668 0.6067

A 14 AT HEHIEIX 6T T T
Table 14 The reliability indices of fault feature 3.X

3X 3X 3X 3X 3X 3X 3X
Iy I I3 I I3 I I

Rf* 0.8944 0.8064 0.8838 0.5496 0.8504 0.6430 0.8865
Rn3* 0.9938 0.7897 0.2476 0.8765 0.3200 0.9615 0.9007
% 0.8888 0.6368 0.2189 0.4817 0.2721 0.6183 0.7985

15 ATHRHIE oA T ERETF
Table 15 The reliability indices of fault feature
“displacement”

DAL L L A O L L

Rflmg 0.8944 0.8145 0.8819 0.8649 0.3923 0.7146 0.6519
Rnf"ﬁ’ 0.7047 0.1803 0.6067 0.1067 0.8373 0.4220 0.2500
TF@ 0.6303 0.1469 0.5351 0.0923 0.3284 0.3016 0.1630

4.3 *ﬂXﬁEﬁﬂﬁ(Acquiring evidence weights)

i T R 16) X B ARRAAR R SR B A 35
BWEW = {wf|l=1,2,--- 7}, BAFEREEE
IR I Ea, B, 454 553374 H 7 vskik
BB AN EHa, TFREWT:

1) Aw?REUETERE [0, 1), #IEHME M1, FH BHXF
AT RAF RN ARZE, FIHR(13)FK(15), K
H DF = 604.2229, D; =344.3431, D} = 4.7363,
Do =0.

2) FEOEI1Z 18], LLO.2 K253 I T A 7 a ERE,
FRIE(16) IR E AR, BI AT 183a=0.2, 0.4,
0.6, 0.8 FVEVEHFE, R 16FR 1T, B4R,
a = 0.ARIRIEFERERZ ks A B 2, B
BRI AL ITTEMR,, B, o = 042 BN &EE
FIREF A EAE.

3) Bla=0.42 1048 325 1) 48 - X [8][0.2, 0.6],
FHAELLX (8] BLO.2/2 2B K ER 552)28, THEAF 2K
BRI A EE alf5490.4.

4) HEE T3S B EAEHIE I X (A, FNZE P
RN, ZEA X E] 9 1 T AR IR A E A, B
B30 K G0 2 2/2° B 48 - DX 18] R BT o {0 N
A2 TR VR G R OB 2 A IR 1, O B A2 DX T ) AR A
a = 0.4V A BA B AR ImiT A EAE.

%16 a=0.2,0.48690F 5%

Table 16 The confusion matrixes when a = 0.2,0.4

LSS e S e (AP A S
(a=0.2) (a =0.4)

P Fy, F3 Fy © Fi Fy, F3 F4 6

e F, 500 0 0 0 0 500 0 0 0 O
i Fr, 0 48 12 3 0 0 48 10 4 O
% F3 0 3 47522 0 0 4 474 22 0
7 Fr, 0 0 204300 O 0 19 4810

e 0 0 0 00 0 0 0 00

# 17 a = 0.6,0.88 69 A 4EE
Table 17 The confusion matrixes when @ = 0.6, 0.8

RETRSWE R BaBESEE R
(a = 0.6) (a =0.8)

Fy Fy, F3 F4y © F Fy F3 F4 ©

e Fy 500 0 0 0 0 500 0 0 0 O
i F, 0499 1 0 0 0 49 1 0 O
% F3 0 93 345 62 0 0 120325 55 0
7 Fr 0 2 16 4820 0 2 27 4710

e 0 0 0 00 0 0 0 0O

HEa = 041, MRRAIFI T HEE R4
7, DR FET RIS E M A E R B2 W4 R,
BYRA2F T 2T HIHABCEM I ABE R 512
W UESE. 026 A I SR F IRA5 1 TR o R R 4
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RI9PTR.
18 @AW 6 RAIEMSE
Table 18 The confusion matrixes of fused diagnosis
EIEN G Ay T S S (AP TEAPS
(Ngw) FIEEW) Bt
F Fy F3 Fy © Fy Fy F3 Fy ©

F, 500 0O 0 0 0 500 0O 0 O O 500

i1

IS%FQ 0 486 10 4 0 0 498 2 0 O 500

%F:g 0 4 47422 0 0 91 354 55 0 500
F, 0 O 194810 0 O 11 4890 500

]
e 0 0 0 00 O O 0 00 O

& 19 NGB8 RMEAEW
Table 19 The trained optimal weights W

1X 1X 1X 1X 1X 1X 1X 1X
E €1 €o €3 €y €5 €g (44

wi* 0.8925 0.3977 0.1642 0.2764 0.0098 0.0772 0.6462

2X 2X 2X 2X 2X 2X 2X 2X
E €1 €y €3 €y €5 €g (14

wfx 0.8976 0.3099 0.3813 0.1284 0.0010 0.0010 0.6601

E3X 6§X egX egX eiX egX egX e%X

wJ??X 0.8898 0.6500 0.3843 0.0010 0.3143 0.0010 0.9321

i 611%5 e%ﬁ@ e%ﬂz eiﬁfz 6{5?&5 egﬂz egﬁ

w™ 0.6318 0.0010 0.5760 0.2096 0.0010 0.1504 0.1591

M FRAIF AT UG HER “ IEHEBF” 24,
HoAh 3Fh i R A 7 (A AN AT S B AP B AN RIREE I
TRYE, {2 T8 I G R vT DA BH B PR VR VB T2
MsRRALF BARFHFRIESR A RIEW R ZW R
1) il 12 W7 25 SR 2 A R 1R, 491 aniE 38 41 516084, 11,
WS H R Fo (DB A ST ) U R W (%
BREA SRR, TEE A 16404, 7, 12 W45 R ik
FyoRE AR SR B8 0 s . [RIRE Hb, oAt B A4
HIAE 38 40 212144y, 16431, 1651, WAKIL T I W
AR FIZRAME . Tk, YIZRW f53RkA5 I TR ¥ HE B
EARTHILEW N FREHERE, IS5 2 TRE R RE
XA TTRZ IR E K THIEW T TREFERE.
44 77 ¥ W & 5 4 B (Test and analysis of the

method)

— B XU H AR LA IS FE 58 BR, 7T KE B SR RA T )
1-5FIFIEE10%1, LA R A2H 2 —6FIE B A&
MR “Bli G RAREKR” AR —HBERELX,
2X,3X, “DiB” BIREARER PG PR R I —Fh
WEPRALE, A AW 4 i vl A R R AR
2. HSRENGEARFFER T, HET SRR
12004 FEARIMIR “ A R RIKR” 112 Wiz
R, & Fy | Fy, Fy, Fy5 3004084, AR EIREX
FIAAE AR FIVRE P IR 20 TR

& 20 M RAE R RA I

Table 20 The confusion matrixes of testing samples
RLEHBESHEER  Ra s g R
MNgw) FIEEW) Bt
P F, F35 Fy © Fy F, F3 F4 6

e 30 0 0 O0 0300 0 0 O O 300
bt F, 0 280 12 8 0 O 300 O O O 300
* F3 0 4 274 22 0 0 43 219 38 0 300
7 Fr, 0 5 162790 0 0 11 2890 300
& 0 0 0 000 O O 0 o0 O

M 207 AT LLE H, Re [ypn=1108<R. [yigw
= 1133. YIZRTFINZ G AL, 5 1E R E A
Hb B RRRITETE N ORIEG I T X B RSN
I, FETERMUNIZACE 5 Rl & RGN Bk LA
AR T & B2 A 2 R R VRE TR
5 J45(Conclusions)

AT X ZYFANH R PR IE AR B Rl Lk )
A, 25 AT ERMUN B MRS Wi ik, B e Tk
FREREALAR B B — I 5 SR & AR IR (R B
T PIZWIENE ; IR iR 22 DL R s A o) - i e
HKIHRR G E T IR, 4 HIRBGS WHIEYE nT 5EtE
BRI (R 77v:; 4 X B AR AR B 25458 22 Wik 4
FIFEEMAE, B 5 FHERBES HUN @& 28 nT 5 R
FREEMHAESEIE G2 WHEYE, A 45 R
ATHRE LR,

%7154k T Dempster-Shafer iF4 BE 8 A EE A
SEMEAR B RLA B, [FIE 5e il T 78 52 B A
HIGIES IR rT SR AN R, HAR SR T
1) BT 5 BRI BN T, AN Ta BT PR IE AR
AR DA B R AIE b SRR = T T B O R A R AT
s 2) A RS P S | IR B S
i, XN eE TR SR BT A B SRR, 8 T 5L bR A%
FARN T3 BRSO B 7 R N R HE T 3) 12 Wik
Po P M S B T REAR ISR, AREANR
25 BB WHIEYE, 1B/D T & IR HEIESE B 5 S DS
AFEHRIATTEE; 4) —HIRMG “BlE RERFR” , b
JaZ R ERI 52, AFEERIZH.

AR, ASC2E SR 1, HERIT 2R GES
RENRTA5 L, 0 SE Rl SE AR AL RS B A
A, ABTCVE B Re B E L SRR R i R B R R 1)
1B, AR ST, v DUk 7 T B AT
B RS, X TR PG RS 0 LR E,
AKAFR G2 W B, o] L — e e v]
S DR FHUE SR AN ) HAB SR 7 9%, I AS Brde
J7ERT LA F 58 22 B 5 U RN 4.
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% Al HHEIEEBSRBELHER

Table A1 The activated evidential combinations and the fused diagnosis result

gt R BLAK EBERE,
TE X X X B n o B R AW AW
1 1 1 1 1 368 0 0 0 1 1
2 1 1 1 2 103 0 0 0 1 1
3 1 1 1 3 1 0 0 0 1 1
8 1 1 2 1 14 0 0 0 1 1
9 1 1 2 2 5 0 0 0 1 1
16 1 1 3 2 1 0 0 0 1 1
100 1 3 1 2 1 0 0 0 1 1
197 1 5 1 1 1 0 0 0 1 1
344 2 1 1 1 3 0 0 0 1 1
345 2 1 1 2 1 0 0 0 1 1
579 2 5 6 5 0 52 0 0 2 2
580 2 5 6 6 0 1 0 0 2 2
688 3 1 1 2 1 0 0 0 1 1
873 3 4 6 5 0 24 0 0 2 2
880 3 4 7 5 0 0 1 0 3 3
922 3 5 6 5 0 83 0 0 2 2
929 3 5 7 5 0 0 9 0 3 3
1031 4 1 1 2 1 0 0 0 1 1
1167 4 3 6 5 0 2 0 0 2 2
1214 4 4 6 3 0 0 1 0 3 2
1216 4 4 6 5 0 5 0 0 2 2
1221 4 4 7 3 0 0 3 0 3 3
1264 4 5 6 4 0 1 1 0 2 2
1265 4 5 6 5 0 309 1 0 2 2
1266 4 5 6 6 0 0 2 0 2 2
1270 4 5 7 3 0 0 14 0 3 3
1271 4 5 7 4 0 0 4 0 3 3
1272 4 5 7 5 0 0 30 0 3 3




1179

SR A T 7 i

=3

IRIEIF G FE TR £

FoM

(% &ALD

=
A=
| &
| =
=
|5
i
B
e
.
[\8)
]
Amool
md.m—me
el
= 50
>
iy
=
S
oo
S

4
4
4
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
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6

1273
1274
1314
1461

1496
1504
1509
1510
1538
1558
1559
1580
1581

12

1587
1588
1592
1593
1594
1595
1599
1600
1601

11
11

61

10
15
26
86

1606
1607
1608

1609
1610

1613

22

1614
1615

31

1616
1617

91

1629
1630
1636
1637
1640
1641
1642
1643
1644
1648
1649
1650
1651

37
33
14

19

24

10

12

1654
1655
1656
1657
1664
1678
1679
1685
1686
1692
1693

1811

30

26
10

10
16

1923
1930
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(&AL
R4 A Ed=t il Rl e R F,
Girsqth 1X  2X  3X kB ; )
et et et e P B F3 Fy IGW HIERW

1938 6 5 4 6 0 0 0 1 4 4

1972 6 6 2 5 0 0 0 18 4 4

1973 6 6 2 6 0 0 0 2 4 4

1979 6 6 3 5 0 0 0 18 4 4

1984 6 6 4 3 0 0 6 0 3 3

1986 6 6 4 5 0 0 0 9 4 4

1987 6 6 4 6 0o 0 0 7 4 4

2021 6 7 2 5 0 0 0 3 4 4

2028 6 7 3 5 0O 0 0 2 4 4

2029 6 7 3 6 0 0 0 2 4 4

2035 6 7 4 5 0 0 0 11 4 4

2036 6 7 4 6 0 0 0 21 4 4

2037 6 7 4 7 0 0 0 1 4 4

2273 7 5 3 5 0 0 0 1 4 4

2280 7 5 4 5 0o 0 0 5 4 4

2315 7 6 2 5 0 0 0 1 4 4

2322 7 6 3 5 0 0 0 1 4 4

2327 7 6 4 3 0 0 1 0 4 4

2329 7 6 4 5 0o 0 0 27 4 4

2330 7 6 4 6 0 0 0 21 4 4

2378 7 7 4 5 0 0 0 2 4 4

2379 7 7 4 6 0 0 0 8 4 4

F* A2 ZER@: AV PTAF 4B iESE
Table A2 The combined diagnosis evidence by ER
g RE-EZWHIESE (JIZEW) LA WHIETR (BT TY)
pg,e(él) pg,e(4) pg,e(4) pZ,e(4> pq@7e(4) ptll,e(ﬁl) pg,e(4) pg,e(4) pZ,e(4> pq@,e(4)

1 1 0 0 0 0 1 0 0 0 0
2 1 0 0 0 0 1 0 0 0 0
3 1 0 0 0 0 1 0 0 0 0
8 1 0 0 0 0 0.99 0 0 0.01 0
9 0.98 0 0 0.02 0 0.99 0 0 0.01 0
16 0.99 0 0 0.01 0 0.99 0 0 0.01 0
100 1 0 0 0 0 0.99 0 0 0 0
197 1 0 0 0 0 1 0 0 0 0
344 1 0 0 0 0 1 0 0 0 0
345 0.99 0.01 0 0 0 0.99 0.01 0 0 0
579 0.07 0.93 0 0 0 0 0.86 0.12 0.02 0
580 0.05 0.7 0.04 0.2 0 0.01 0.76 0.15 0.09 0
688 1 0 0 0 0 0.99 0 0 0 0
873 0 0.88 0.11 0.01 0 0 0.88 0.1 0.02 0
880 0 0.07 0.93 0 0 0 0.37 0.6 0.03 0
922 0.01 0.9 0.09 0 0 0 0.81 0.16 0.03 0
929 0 0.04 0.96 0 0 0 0.27 0.7 0.03 0
1031 0.99 0 0 0 0 0.99 0.01 0 0 0
1167 0.04 0.64 0.07 0.25 0 0.01 0.84 0.09 0.07 0
1214 0.01 0.29 0.7 0 0 0 0.66 0.34 0 0
1216 0 0.84 0.15 0.01 0 0 0.88 0.1 0.02 0
1221 0 0.05 0.95 0 0 0 0.13 0.87 0 0
1264 0 0.56 0.44 0 0 0 0.66 0.34 0.01 0
1265 0 0.82 0.17 0 0 0 0.82 0.16 0.02 0
1266 0 0.58 0.18 0.25 0 0 0.72 0.2 0.08 0
1270 0 0.04 0.96 0 0 0 0.09 0.91 0 0
1271 0 0.07 0.93 0 0 0 0.13 0.86 0 0
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(#%:%&A2)
gt Rl A ZWHIERE (JIZRW) Rl A2 WHIEYE (WILEW)

! p(ll,e(4) pg,e(4) Pg,e(4) pZ,e<4> p(é,e(4) p({,e(él) pg,e(4) p?’),e(4) pie(4) pq@,e(4)
1272 0 0.08 0.92 0 0 0 0.28 0.69 0.02 0
1273 0 0.08 0.89 0.03 0 0 0.19 0.74 0.07 0
1274 0 0.07 0.92 0.01 0 0 0.14 0.85 0.02 0
1314 0 0.82 0.17 0 0 0 0.65 0.22 0.13 0
1461 0 0.96 0.02 0.02 0 0 0.69 0.22 0.09 0
1496 0.07 0.41 0.02 0.5 0 0.01 0.13 0.29 0.57 0
1504 0.03 0.19 0.35 0.42 0 0.01 0.07 0.39 0.53 0
1509 0.05 0.31 0.27 0.36 0 0.01 0.34 0.47 0.18 0
1510 0.07 0.42 0.02 0.5 0 0.01 0.51 0.24 0.24 0
1538 0.01 0.2 0.05 0.75 0 0 0.26 0.23 0.51 0
1558 0 0.34 0.63 0.03 0 0 0.4 0.53 0.06 0
1559 0 0.75 0.19 0.07 0 0 0.61 0.29 0.11 0
1580 0.08 0 0.01 0.91 0 0.01 0.15 0.24 0.59 0
1581 0.06 0 0.02 0.92 0 0.01 0.05 0.17 0.77 0
1587 0.01 0 0.02 0.97 0 0 0.2 0.32 0.48 0
1588 0.01 0 0.06 0.93 0 0 0.08 0.24 0.68 0
1592 0.01 0 0.98 0.01 0 0 0.04 0.82 0.13 0
1593 0 0.03 0.94 0.03 0 0 0.06 0.75 0.19 0
1594 0 0.09 0.51 0.4 0 0 0.15 0.53 0.32 0
1595 0 0.01 0.2 0.79 0 0 0.06 0.44 0.5 0
1599 0.01 0 0.98 0.01 0 0 0.04 0.92 0.04 0
1600 0 0.01 0.96 0.03 0 0 0.06 0.87 0.07 0
1601 0 0 0.94 0.06 0 0 0.16 0.69 0.14 0
1606 0.01 0 0.98 0.01 0 0 0.21 0.74 0.05 0
1607 0 0.04 0.93 0.03 0 0 0.3 0.64 0.06 0
1608 0 0.17 0.48 0.35 0 0 0.5 0.4 0.11 0
1609 0 0.02 0.2 0.78 0 0 0.34 0.42 0.24 0
1610 0 0.02 0.72 0.26 0 0 0.3 0.6 0.1 0
1613 0 0 1 0 0 0 0.02 0.97 0.02 0
1614 0 0.01 0.99 0 0 0 0.03 0.95 0.02 0
1615 0 0.01 0.99 0 0 0 0.08 0.86 0.06 0
1616 0 0.01 0.96 0.04 0 0 0.04 0.84 0.12 0
1617 0 0.01 0.98 0.01 0 0 0.03 0.93 0.04 0
1629 0.08 0 0.01 0.91 0 0.01 0.03 0.14 0.82 0
1630 0.06 0 0.02 0.92 0 0.01 0 0.09 0.91 0
1636 0.01 0 0.02 0.97 0 0 0.05 0.21 0.75 0
1637 0.01 0 0.06 0.93 0 0 0 0.13 0.87 0
1640 0.05 0.02 0.49 0.44 0 0.08 0 0.39 0.52 0
1641 0.01 0 0.98 0.01 0 0 0 0.71 0.29 0
1642 0 0.03 0.93 0.04 0 0 0 0.61 0.39 0
1643 0 0.05 0.5 0.45 0 0 0.04 0.39 0.57 0
1644 0 0.01 0.2 0.79 0 0 0 0.27 0.72 0
1648 0.01 0 0.98 0.01 0 0 0 0.87 0.13 0
1649 0 0.01 0.96 0.03 0 0 0 0.81 0.19 0
1650 0 0 0.94 0.06 0 0 0.05 0.61 0.34 0
1651 0 0 0.7 0.3 0 0 0 0.49 0.51 0
1654 0.05 0.1 0.47 0.38 0 0.1 0.19 0.43 0.28 0
1655 0.01 0 0.98 0.01 0 0 0.1 0.75 0.15 0
1656 0 0.03 0.93 0.04 0 0 0.14 0.65 0.2 0
1657 0 0.13 0.48 0.4 0 0 0.27 0.41 0.32 0
1664 0 0.01 0.99 0 0 0 0.03 0.81 0.16 0
1678 0.02 0 0 0.97 0 0.01 0.02 0.05 0.92 0
1679 0.02 0 0.01 0.97 0 0 0 0.03 0.96 0
1685 0 0 0.01 0.99 0 0 0.03 0.08 0.88 0
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1686 0 0 0.02 0.98 0 0 0 0.05 0.95 0
1692 0 0 0.01 0.99 0 0 0.03 0.2 0.77 0
1693 0 0 0.03 0.97 0 0 0 0.12 0.87 0
1811 0 0.09 0.89 0.01 0 0 0.25 0.6 0.14 0
1923 0.07 0 0 0.92 0 0.02 0.16 0.11 0.72 0
1930 0.01 0 0.01 0.98 0 0 0.22 0.15 0.63 0
1938 0 0.01 0.14 0.85 0 0 0.07 0.25 0.68 0
1972 0.07 0 0 0.92 0 0.01 0.03 0.06 0.91 0
1973 0.06 0 0.02 0.93 0 0.01 0 0.03 0.96 0
1979 0.01 0 0.01 0.98 0 0 0.04 0.08 0.87 0
1984 0.01 0 0.93 0.06 0 0 0 0.52 0.48 0
1986 0 0.02 0.07 0.91 0 0 0.04 0.21 0.75 0
1987 0 0.01 0.14 0.86 0 0 0 0.13 0.86 0
2021 0.02 0 0 0.98 0 0.01 0.02 0.01 0.96 0
2028 0 0 0.01 0.99 0 0 0.03 0.02 0.95 0
2029 0 0 0.01 0.98 0 0 0 0.01 0.99 0
2035 0 0 0.01 0.99 0 0 0.03 0.09 0.88 0
2036 0 0 0.02 0.98 0 0 0 0.05 0.95 0
2037 0 0 0.08 0.92 0 0 0 0.14 0.86 0
2273 0 0 0.01 0.99 0 0 0.13 0.09 0.78 0
2280 0 0 0.02 0.98 0 0 0.13 0.22 0.66 0
2315 0.02 0 0 0.97 0 0.01 0.02 0.03 0.95 0
2322 0 0 0.01 0.99 0 0 0.02 0.04 0.93 0
2327 0 0 0.42 0.58 0 0 0 0.35 0.65 0
2329 0 0 0.02 0.98 0 0 0.02 0.12 0.86 0
2330 0 0 0.03 0.97 0 0 0 0.07 0.93 0
2378 0 0 0.01 0.99 0 0 0.02 0.05 0.94 0
2379 0 0 0.01 0.99 0 0 0 0.03 0.97 0
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