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Life assessment approach of equipment based on
belief-rule-base and evidential reasoning

LIU Jia-jun, HU Chang-hua, ZHOU Zhi—jieT, ZHANG Xin, WANG Peng
(Unit 302, The Second Artillery Engineering University, Xi’an Shaanxi 710025, China)

Abstract: It is difficult to assess the life of equipment by using few sample data. As such, based on the belief-rule-base
(BRB) and evidential reasoning (ER) approach, a new BRB-ER model is proposed, which uses effectively few failure data
and expert knowledge. Firstly, the rationality of employing the model is analyzed, where BRB is used to calculate the
environmental factor between one environment and the standard working environment by using few life data and expert
knowledge, and the ER approach is adopted to aggregate the data under various environments to assess the life of products.
Secondly, the process of reasoning by using BRB-ER model and steps of assessing the life of the equipment is expounded.
Finally, a case study is carried out to illustrate the ability and the training process of BRB-ER model. This study proves
that the model is effective for the life assessment by using expert knowledge and update parameters for a better model.
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BR: B, ME R0 75 A B IR AR R A7 i oAt
R, AR AT B SR E™ AN ) AR PRSI 2R 3k %
B, FH b R LU, TS i AN R PR 2
[F) ) “PREEIR 17 . AR b 7 2 0 20005 A2 7 i S AL
FIAAZ | IR AR UAS U 003 A1 T 2N 4 A1,

5 58 10 75 i B Al U7 v S E i DL gle-T)
SEGEVH VAT RS SR, TR AR ELA 1 DL
W7 T AL B A R, R KR ) [ s e
JE JCI0 3 A SE SR, TOARGE A e P %R, AR,
TEIE % TAEP AR R & S 050 UL & ARG
SETERTA.

Yang %5 101 H ) L F-0F 4% #fE P (evidential rea-
soning, ER) J5 4 [ & i F ) £ (belief-rule-base, BRB)
(FHERE 77k, R AED-SUF 4 B | e g2l
IR 18 AL SEIF-THENK U P2 (1 BE At b ke ke i),
FLATRF A ORI AN 2 P WER AN e 1 DA S AR 2R b
REAE BB HEAT AR e g U150 A % ik AT
B AF o VPN IS, Jo T 7 I AR I A B 2L R AL
PEEE AT AN BRI AR Iy M b 3 e AR, T HL RS Ay
R R & R AR AR iz O &rE
B 9ol P TR SN R s v A v AR 0T 1 5
TIVH.

ASCEIIBRBENL T RS TAEMEE 5 A bR
HE TAERRBE 4 2 (RIS DG R I R 3 T AN [ B
BE&AE T B r G B8, NI seil 17 “ B85 17
IVER, S8R T HABPAEE S 25 an A 215 % TAEIREE
A AR A AR5, 78007 1BAE T AR
YEH, MG e R 45 7618 FIBGE, fREitER YT
EHHATRLG, 19 T e AEar vEAL S5 A RE, AR
7= R T 7 A L EAT T BRB-ER 5 84 (1) Y1l 2 A
(119201
2 [ (Problem statement)

e, B

1) t9RINAEGIN G I 1 2 i s, 3Lk T T, A
s, o], -t

2) EBIRD TR bRt TR,

3) Ti(i =2, -+ ,m)RKnNHABIARME TAEAEE T
[ ZF e BT & B AE AR N i arEidi.

FET UL BB, X7 kAT 75 fi DAL 3 SR N

A ) R

L1780 W EREs O N B A PR o I <
RS AR R I S BAR T, - - 15, (0 = 2,

e m). U, BT DU
TJZF(%J;), 2227 7m7j:17"' 7Ji7
ey

P FFRIR— AN EZe kR B, A4 T “HEER 7, e
g ST AR by A AP 10 75 i B RbR v A P05
()75 i Bl 2 a) R B A
R 2 TS S R AT R AR vE AR
I35 0 7 A Bt - - 6 RN S S R A BT
s T TP AN [ 5T R AR B TR
SRS SR AT S R, SR T G A, AR
535 BRI 3 i P4l 45 A AR B i AR g T I 7
R AE w,, g = 1, ,m. RoRGERERT
FnNSHAE, B, R T4 R m & D, 18R,
=2, ,m. HELESA AT DU I M E A A e
Bt AT A A v
{(Dmﬁn);n: L. >N} =
O(Ujb... '7tlleTliv"‘vT3,-)’
(2)

1
awmvtla"

X =2, m, OC)— R MR AL
H TR CL B PR [l B2 T OB I BRB-
ERAEAL. U™ SR AEbRUERR BT T 0 5 dn 5cdhs, i
) AT PLTHSCH ™ S AEARARAE ARG T & 25
HETAEMEG T (0 2 il g ARQ2), /3
17 A DFA
3 FHariFi I BRB-ERF %! (BRB-ER model
for life assessment)
3.1 BRB-ER ¥ #! %% #J( Structure of BRB-ER
model)
BRB-ERF Y = BEAL$% P A~ 5 73 S8 1800 B %
(m — D)ABRB, S T 2i(i = 2, , m)FEAET T

Mo B (£, - - 0, VBRI TAEFRES FHO%-Ar s
(T, T )03 & 52885015 FIBR 7 VA b f

TAEIREL FIOFFAT B (¢, - -ty )R A5 75 A S
(Tf,- -+ T VBEAT G, 507 i 10 5 28 55 A VP A 4
2

TR A AERRAERR R A i B A T A
B L RN, M T — R EAE RO, I g e
HRNPEBRB,. Horh— Nk F

R, : Ift'is Ay, Then T"is {(Dy, 81 1),

(Dy, B1)}with weight 0y, 3)

Hrp: RERIRBRB, N k(k=1,---, L;) Z& 0,
Ai(k =1, Ly, i =2, ,m) RN & gt
BRI LS, AL e AT A" = {AY, -,
Al VREATE R — RIS HEAL, AR m A
e, D; e DERoRGi R, HDe{D,,D,,---,
DN}- 5;7]6(]' =1,--- ,N, k=1,--- ,L;, i=2,---,
m) R T4 R D, B L. 0 R k4
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WZEBRB; F LN .
X BRB; HIZHL, BN 280 2 R 2R A
Oge]igg]-ak:17"'7Li7i:25"')m7 (4)

Og/@;’,kg]ﬂj:l?'”7N)i:27"'7m7 (5)

N .
Zﬁ;,k::[?k:l)"'v[/i' (6)
j=1

(RIS B
tho )

A Bl Bk (Bl B}

:w]

2 2t S22
t], "t th H Tls > T/'z H
—_—— +-

{ﬁl,zl’ m:ﬁ]\il}s Y {ﬂlilzs m&ﬁi/‘,.lz} @2 ER {ﬂl’ " IBN} HAH i
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| BRB-ERKHI
DRI A RS

BRB-ERHAL[]
b el St

¥l 1 BRB-ERFL /4]
Fig. 1 The BRB-ER based model

BRB, G5 ¥ 5 L B S I &R Ze g vl LA

TR R e R R R

T = F(;,tY), i=2,--- ,m, )
A FRAR—AN AR s 3L, 3R "BRB; A,
i = (01, 00,811, Byp,) " vk m B &
TR RN E S B S E A

CUA PR AT S5 T i3 s, I mT it x8(7)
FRETA BEH TAEREE I ar A,

Ty =gi(Wity), i=2, m, j=2, Ji. (8)
3.2 BRB-ER# Z! ff] 3 #(Reasoning of BRB-ER
model)

H 4 LL 23 07, 3B I BRB-ERAR Y - 40,55
5y — & (m — 1)NBRBIVIEIEHERE, 5 43
e TAERREE N didi; — 2 (m — VAITE %
WHIET (i = 2, -, m) FIARUE TAEIREE N 15y
Kyt R A
3.2.1 BRBJ#EH (Reasoning of BRB)

1 CAIBRB; AT S M, WInTis FER 7 ikt
ATUESSHERL, 1 75 ar P PAL 25 L. 2B P44
IR

B0
.

5, e dE 3 R i NG AEBRB; I 5 k4% A )
HAIX TS AN S B EM B TE. /5, 0] Losat
W AF BE A BB AT HAR -

F(t") ={(Dn,d*), n=1,--- ,N}. 9)
AT AN PEAN 45 R U (D) BR A Dy, a3
U(Dy) < ' <U(Dpyr), W)

TSR R PR T S A E AR

" U(Dn+1) - U(Dn)’ i

A,

=1-d;, (10)

d* = 0. (11)
KAO)-ADH:n=1,--- N, Hn # k, k+ 1.
F2L  IHEBEOEE.
R0y % SIWIE A Cn N Sr eI EYS G TN
AXA2) AT
0; d~
N :
> Oidy;
=1
H3L I HERMT VRO T IR .
% 01 & R )AL, ) v DL ds B ER 7 VA il &
BRB; 11 L 2N, HA3 BIVPAL 45 5T
O(T") = {(Dn, B), n=1,--- ,N}, (13
Hrpi=2--- m,

(12)

Wy, =

L N
pox | (wkﬂn,k +1—wy, > 65,
ﬁ:z _ k=1 - s= _
L= [T] (1 - w,)]
k=1

k=1 - s=1 : (14)
L= px [T (1 —w)]
k=1
N L; , N -1
>0 1T (wpBr, o+ 1—wy 20 B )
= Jj=1k=1 L Ns:l . (15)
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F % BRBI i 5 2R RN, REREAT 2 B 4
O(T}) = {(Dn, B,)} (16) Dy Dy Dy
. . (,(_}1 ’)71 17% .o 771
Ht:n=1,--- N, i=2,---,m, j=1,---,J;. ! n

Bask ST,
{5 U (D) 33 A TP 1 45 D, 0, TR 4
{58 AR B S T LU A R A e

) N )
Ti = . U(DW)BL . (17)
n=1

Whii=2,-,m, j=1,-,J;.
322 mAAK B RS (Aggregating m sets of
life data)

B AR R a2y, - -, t), AR
RA7) A LUK Em, — VAT A BHRTY, - T i =
2, -+, m. IBHERIILEREG KX m A 75 an B 24T
R, 3 i A PG A R i

B1E e A

5, WA RA0-1D), m A FHa F e, -,

ty AT, - T 0= 2, m ] LU AR A 45 R
Ir) e PR B A B2 AT eR R
F<t]1) - {(D7Hn711,j); n=1,--- 7N}7
(18)
Hrpj=1,.--,J.
F(T}) = {(Dn,m;,;); n=1,--- , N},
(19)

Hri=2,--m, j=1,---  J,n) RIRAERg

B TR BRI B, g =1, ,m. {E5yg
D, AN R EAE S
Dy Dy --- Dy
o1 77“17,1 773,1 "hgv,l

= % Mo Mo M2 |, (20)
9, nf,Jg Ug,Jg T W%,Jg
Xfig=1,--- mo;(j=1,--,J)RRIEH)
AN A 5 g ZH 0 T R

CURNAESE g NI, A i, BoEo; = 1,
j=1,-++,Jg, g=1,--- ,m, WA LLiz FHERJ7 V2 fil
B gL NI T N e B, a5 R

g g
0(01, Uy 0Js M s TIN

777]gV7Jg)

g
77717Jg’...
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B2 G IHAT AR .

wy | n7mg e mp |, (22)

Wi | N7 0S"
O0<w; <, 2=1,---,m, (23)
Hrb:wi(i =1, -, m) TR 75 a5 1 AL

BD,(n=1, -, N)E L. A IFIEIER /757
ST 7 EdE, BRI R 454
O(wla'” 7wm777%7"' 77]71”'” 777{”7'” 77721) -

Kni(g=1,--,m, n=1,---  N)RKRXNGR
MED,(n=1,---, N)EEE.

F£35 HEIEA.

BEU (D;) R AR D, I EE SO, W]
DU I 40 R A W15 2 4R 45 2K

N
T = ; U(Dy)n,. (25)

4 BIRR AL Yl %5 J7 (An optimal algorithm
for model training)
4.1 —7% BRB-ER BESH AL H % (An algori-
thm for parameters optimization)
7t (m — 1) NBRBES AL E S E 0] b, 1B
MR €. R EHR AL R, NIy 20t
TR, B8R TRl e, bty - 6,08
ANTRFREE AN 175 d Bt TR i 1S 75
fir, T'FoR VA7, AT(Q) = T — T'HRIRIUSEAf
TRV A @rT/10 2 (1, QU 5 M, W
Mwr, - wn S,

T
b= BRB-ER K% T - % AT(Q)
t | @=[¥ -, Wi, o, -, 0]

! DA

2 BRB-ERFIMSEIZRHIILL S
Fig. 2 The optimal algorithm for estimating the parameters of

BRB-ER model

AT (Q) BN, B S HOHER 2. X
FEL R ARAEG M 2R R A AT R S0 3]
USSR, AL, R TR mA AR R, T
N RILE 26
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min AT(Q).

st.0<0l <1, k=1,---, L,
0<p8 ., <1, n=1,--- N, k=1,---, L,

N
Zﬂ;k:Lk:l’...’Li’

(26)

AP =2, mAERL BB R Y S5
Sebr BN E A G AL R AT AR L
Pt il 8, & n] LU I MATLAB T AR i dE 2k bk
Ptk ek fmincon Mlfminsearch 5 Kk S Eup UH.
4.2 12 lIBRB-ERHE B 9 1T 7 iy PEAG 19 20 BR(A
reasoning procedure of the BRB-ER model)

FUP LS HN Q)W EVIURTE. S %W
WA (A N %005 2 2 Q26) L R4, 2R 5 BE
#2 37 BRB-ER [ LA Y.

$26  CAIAFIE Nt Lt
AP S LS A T, MR (26) A R AT LUK
AR,

$34 WRELL EUE R, Js AIMATLAB T
HARBL S 2L, BHBRB-ERBLA 244

B4 ML BRB-EREA, (1)L
e 1. 2 (7) AT ATHSAR BT & 16 2 i L
Ty, Ty th Q25 AT LA fil & 75 i £ 4ty A0
To, -+, T, 132 S AF A VPl S 2R
5 M HAH#(An applied research)

9 T B AIE B B BRB-ERAR M (1) 24 Mk, 75 2 B4
BEAAT T AT RIS LAl b, 03— iR = AT
T A vEAlL.

5.1 |a)/8iH%EAR (Problem statement)

TEAZNII™ b IFRE R, AT 1 SAREAEE R
IR, FERICT 7™ b R R . R 15T 7
FEPE BRI L Z5 A K 255 BB DK s vl )
TR R DA R 2R AN TR B 5T ) H IR 2 56k
FrR L B AT AR5 7 S AEAN RIS AT T R 2R
R, A i R A A VRAS SR [RI, m] A it
W1 T B AR = AR .

&1 REIRSLAM T 09 KR

Table 1 The failure data under various environments

e WRRIE B /A S ) /h
1 PEREIR 360 150, 190
2 LA 200 38, 74, 150, 189
3 ZEEIREEIAA 260 1,36, 58,77, 106, 139
4 (R IIEA 300 63, 98, 156
5 eI 120 43

5.2 BRB-ERJJ#%Z%!(A BRB-ER based model)

TEAI Hy, 252-SAh IR SN (1) £l #8247 5 3
UL R s, R, 7 A &G4 BRBAL Y
SEEEAR AT & 15, TR S IR IR B
SR G T 0B DRSS T 1) 2 388U B 5
2 2 5, Hllvery small (VS), small (S), medium (M),
large (L)Flvery large (VL). 28 )i, i& H & K & 56 X)
&S A AT AL, R VR A E T, A 5
J230(VS), 120(S), 300(M), 400(L), S00(VL). %26
ST BMEE RIS IR E. R S
FI, WESTE M, tth A,

A2 HEVGIMNSE &
Table 2 The referential points under environment 1

BEE VS S M L VL
B 30 120

300 400 500

A3 IRBMANSF &
Table 3 The referential points under environment 2
2% S ML

HH 5

100 200

K 4 B3NS E A
Table 3 The referential points under environment 3

H#HE S M L VL
HiE 0 80

160 260

£ 5 TBAGMNSE 5
Table 5 The referential points under environment 4

%5 S M L VL

¥E 5 100 200 300

£ 6 FILSHIMALF &,
Table 6 The referential points under environment 5

%M S M L

¥ 5 70 120

h TN 2SR EAEE (M B AT A, A T
KQ2N-BO)FTRII4ANBRB, Hf: ky=1,2,3, ks=
L4 ka=1,--- 4, ks =1,2,3. 35hA7 € {S,
M,L}, A, € {S,M,L,VL}, 4}, € {S,M,L, VL}
AL €{S,M,L}. & & 11l &D; € {VS,S,M,L,
VL},j=1,---,5.
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R%g It t2 is A%gv Then T2 is {(Db ﬁikg)? (D2) 6227162)7 (D?n ﬁg,k2)7 (D4) ﬁikz)? (D5) ﬁg,b)}
With rule weight 67, , (27)
Rzg It t3 18 Akg? Then T3 is {(Db ﬁik’g)? (DZ) ﬁg,k3)> (D?n ﬁ§7k3)> (D4) ﬁi,k3)> (D5) ﬁg,kg,)}
With rule weight 023, (28)
R%;; It t4 is A44a Then T4 is {(Db 6117164)7 (DQ) /651,]64)7 (D3) 6§,k4)> (D4) /6411,](34)7 (DS) ﬁg,l@;)}
With rule weight 6§ , (29)
R25 It t5 is A55a Then T5 is {(Db 5?,]65)7 (DQ) /6257k5)7 (D?n 5??,]65)7 (D4) /82,k5)7 (DEM 631%)}
With rule weight 6}, . (30)
5.3 HHERLA (Aggregating of life data) Yo=[07 -~ 03 87, - §73]T,
TERQD-G0), Lh_F 2 ¥ 33 12 38(4)(6). i, )T
SR LA i g ]
Q=1[¥; %3 ¥i P35 wi - wsl', 3 Pl Tt el
1/,_[ N R 5}T_
Hor- 5 3 P11 5,3
AT £ REFANBRBEG IS BASE
Table 7 The initial brief degrees given by experts
BRB J¥5  fA frth oy
t3 T3{D1,D2,D3,D4,D5} = {VS,S,M,L, VL}
BRB, 1 S {(D1?0'2)>(D270'5)7(D370-3)7(D4?0)7(D5’0)}
2 M {(D1,0), (D2,0.1), (D3,0.6), (Dy4,0.3), (D5, 0)}
3 L {(D170)7(D20)7(D3702)7(D4706)7(D5702)}
t4 T3{D1,D27D37D4>D5} - {VS7S7M7L1VL}
1 S {(D1,0.2),(D2,0.6),(Ds,0.2), (D4, 0.0), (D5,0)}
BRB3 2 M {(D1,0),(D2,0.2),(D3,0.5), (D4,0.3), (Ds5,0)}
3 L {(D170)7(D20)7(D3a0'1)’(D470'6)7(D570'3)}
4 VL  {(D1,0),(D2,0),(D3,0.1),(D4,0.3), (Ds5,0.6) }
t5 Tg{Dl,DQ,D37D4,D5} = {VS,S,M,L,VL}
1 S {(D1,0~1)7(D270'6)7(D370~3)7(D470'0)7(D5:0)}
BRB4 2 M {(D1,0),(D2,0.1),(D3,0.7), (D4,0.2), (D5,0)}
3 L {(D170)7(D20)7(D350)7(D470'7)7(D570'3)}
4 VL {(D1,0), (D2,0),(Ds3,0),(D4,0.3), (D5,0.7)}
te T3{D1, D2, D3, Dy, D5} = {VS,S,M,L, VL}
BRB5 1 S {(D170'1)7(D250'6)5(D370'3)7(D470)7(D550)}
2 {(Dl,o)v (D27 01)7 (D37 06)7 (D470‘3)7 (D57 O)}
3 L {(D1,0), (D20), (D3,0.2), (D4,0.6), (D5, 0.2)}
XA BRBIWWIGG B AF I & K4 €, (ERTh MR UL 45, @7 W1 UEBRBAE Y. L T'BRB-

UL VRN BTG EAR B E Tk C 2 i Xul 7142

WL WIAE B A T R o E AR AR MR, R filgs R 226.7104 h.

TS T

BOEN 1. 8k, AR BRI Hw

L ws HERGE, FERSHHIH. BRB-ER model)
A8 FREEZRE 2t LRI T, 18 g vk 4t i

Table 8 Initial weights given by an expert

E w1q w2 w3 w4 Wh

LREEME 05 02 01 01 0.1

ERFMY, 12 FHER TR AT A7 i vPA, 4910 T Ar i oF

5.4 BRB-ERBE! FJYI k4L (Training process of

P BRI 77 Ay 2220 h, AR, A 2R 6) M dE A
PR, 38 i MATLAB T HAR (A Ak B Btk A7 250
Ptk 75 AL IS I S 508 Ak f5 i B B e
RO, RALE I AL EAER 10171 H.
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Table 9 Updated belief degrees of the model

£ 9 BRI %ISR BIZE

BRB 5 B

1 0.20002 0.19624  0.203906 0.200349 0.199486

BRB2 2 0.20006 0.19337 0.20687  0.200549 0.199151
3 0.200064  0.194245 0.205957 0.200446  0.199288
1 0.204232  0.201754  0.20196  0.197417 0.194637

BRB 2 0.207752 0.203332  0.203424 0.195198 0.190294

3

3 0.202644 0.201075 0.201254 0.198399 0.196627
4 0.2 0.2 0.2 0.2 0.2
1 0.199929 0.199286 0.200681 0.200111  0.199992

BRB, 2 0.199603  0.195777 0.203992  0.20057  0.200058
3 0.199875 0.198705  0.20123 0.200189 0.2
4 0.2 0.2 0.2 0.2 0.2
1 0.199348 0.198549 0.200916  0.200502  0.200685

BRBs 2 0.19885 0.197447 0.201607 0.200881 0.201216
3 0.2 0.2 0.2 0.2 0.2

ﬁ 10 #ﬁ@ ‘i}ll ééﬁ/é”f%"éu él} #ﬁ)\*yxﬁ Technology of Multivariate Information Fusion [M]. Beijing: Ts-
Table 10 Updated weights of the model inghua University press,2006.
[2] E35, 2R, SSe0E. AR TR0 AR 0], AR, 2001,
B w wo w3 wy ws 22(3): 74 - 80.
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6 4518 (Conclusion)
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