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Abstract: To address the problems of observational information uncertainties and task deadlines encoun-

tered in the online real-time health management( HM) for aerial fuel system( AFS) , the latest HM algorithms

in China and aboard were researched, and an approach for health modeling and online real-time reasoning of

AFS was proposed. The object-oriented method was used to develop BN health model based on the system

structure model, and the global variable elimination( GVE) algorithm was applied to the offline compilation of

this BN into an arithmetic circuit( AC) health model. The simulation results show that the AC, compared with

the Bayesian network, can not only provide precisely online diagnosis of system faults, but also effectively

meet the strict time deadlines for HM requirements, under the condition of observational information uncertain-

ties.
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TOREA B2 2 AW 1 28 AR, AT LA 34T 7
FLCRGE SR RURS B2 OB T REAS FE 701 K H
SN ahy , HAAAE 2 & %00 ; BNs ( Bayesian Net-
works ) 7R —F TR BEHLAE B EAE(E HIOC R
SRR RTIN Ry HEAS B i 0P SRk A B
AR BRI 2 — (H RS i 4 O I AP 7R
TR DRI AE R A BBE ™ i8R Monte Carlo 2R
FE | Gibbs SRAF ST U4 B 3505 RE 92 iz n) L, (R
AT ARLHE BB — b LIATIAG E 5 BBCBE I 4 vh
Ab P J5 ¥k, T CBN ( Compiling Bayesian  Net-
work ) T EEFEAR R BNs 58 K B AN A S 2 n)
A FRRE 7 14 ]I Hy 4 o A D0 e ft Sy 5 2 G
PERELMER B A5 TH IR B IR AR P M AR TR 2
IRy AC ( Arithmetic Circuit) Y F2 H 1M
AC TEZAREFINAL T IHFE D A TR B (H ]
7E HM i ] CBN, MFERFF 5 50 k.

ARG HT AFS S5 R FI AT ) % 5 07 v
P T BN AR SRyl BN TEL AR 3T
TEIHAFE R B IR R, 36 T BN 28 5 M 48 Stk 2
T ( NMLF, Network Multi-Linear Function) , &
4R E LB ¥ (GVE, Global Variable Elimina-
tion) BLEAH T AC {FERLAL h T BN 45 M43
E MW BT AT — U, A A AC W] H 5
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RBEMITHE AFS TEZESEHT HM J7 %, SLULE]
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Bl 1 AFS Z5fafesm
R1 AFS AREERSEMESF

RS R/ ek LR R 2/ AR
AR f#FE/0.90  HiE/0.05  5%iE/0.05

B OmIE fEE0.90  WE0.05  #R/0.05
fitl % f#HE/0.90  HMH1/0.05  #IF/0.05
4 IR f@RE/0.90  FHE/0.05  FRiH/0.05
v RIS f#FEE0.90  BEF0.05  #{H/0.05
K f#FE/0.90  f{F/0.05  FAfF/0.05

it S, {#/0.99  #®/0.005  #1%/0.005
BCOWRNLS,  fdEE/0.99  HEE/0.005  HAK/0. 005
WX, MHE0.99  HH/0.005 /0,005

1.2 BN &R

8 BN 3R AN 5 1 (] A LR ), AR
TRELL AFS 5 A AL g B Al >R 0O ( Object-
Oriented ) 775045 G 3 CATHF 98 BT AIL A & 00
PUE RS I A EE BN f AR AR RN

1) A AFS 004 B AT 9 2R DG 3 A g
A BN T2, B 2 25 H B AR RS BN FIORE
F, HA 5 05 Health SA{EERE WS 5 55, 1% BN 28
JIEXF N R RE S S EAN 3R 2 .

*2 EBEEREBN FEBMESHY

SRS AR

P(I) P(H) P(S|1,H) P(S,I,H)

#/0.5 0.9 /0.9 0. 5%0.99x0.99=0.49005
#/0.5 {#5E/0.99  {£/0.01 0.5%0.99x0.01 =0. 00495
/0.5 HE/0.005  1/0.99 0. 5%0.005%0. 99 =0. 002475
/0.5 HE/0.005 /0.0l 0. 5%0.005%0. 01 =0. 000025
H/0.5 FAK0.005  #55/0.01 0. 5%0.005%0. 01 =0. 000025
/0.5 H/0.005  fI£/0.99 0.5x0.005x0.99=0.002475
0.5 #E§/0.99 /0.0 0.5%0.99x0. 01 =0. 00495
/0.5 f#50.99  f1£/0.99 0.5%0.99x0.99=0.49005
f%/0.5 H#E/0.005 /0.9 0.5x0.005%0.99=0. 002475
/0.5 H#E/0.005  i£/0.01 0.5x0.005%0. 01 =0. 000025
/0.5 #1%/0.005 /0.0 0. 5x0. 005%0. 01 =0. 000025
/0.5 #1M/0.005  f1£/0.99 0.5x0.005%0.99=0. 002475

2) ARYELAPFE AR Y B RO AR (A
KE SRS R ) KA i BN 72 A7 4k
W, 4 4 /) DAG( Directed Acyclic Graph).
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3) MRHE L KB AR Ry 455 i 48 CPT
( Conditional Probability Table) , 4% H| EM ( Ex-
pectation Maximization ) 532 XF B4 HE 4724 > |, fff
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A, =1
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ZATEN () BRI P(s).
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NNF ( Negation Normal Form) , ADD ( Algebraic De-
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1) W7 EraEs X MR, Lhk
B Y KR 0, HTFRATE N

6,=6,06, (6)

Hh Z=XUY; LHHEIIE 2 5 »,y 2, Wil
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2) MG G EARRES X MR 6, A
BB YRR 0,(XCY) WG M5 K
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HIE— ML n ANREHLAS R BN, FH DL 2 v X %y
ke B FLIE A 5 =R
B SHLI | HCIBE 2 5 25y . - (1)
P(Xlaxz,"'aXn> = HP<Xi | Xlaxza"'aXi-l) HY,' Xe“=”
i=1 i=1

(8)

AL DU 7 S ks B A
P(X 1 XXy, X)) =P(X, 1 U)  (9)

A (9) , 5 (8) WIFT AT A6

P(XI’XZ’“"X”): HeXiIUL- <10>
i=1

W, AR T MR (8) IR Bt X, 500
FHATR(7) BRI 15

P(X1 s XX ,"',Xn) = 2 Hexiu/,-
X, i=1

(11)
B, AR BOEAESR (10) 5 LA X, FEXT AR
SEAY TEH T A S NMLF, 20 (2) 715

fr= S Mae,  (12)

X, X, i

KBRS FAF = 7+ 7 4B e (12)
H T IR S 1 2 ROk B AC. T30, AR
HEF LAY AC 74 4 Jm 78 48 M HALB A /N, AR 3¢
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LU A AR B

BN 2 A AR BN, RS R S5 fir
F R AC fa FEBE RGN &l 4 FroR , Hodr g oo
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1) FREAR B WA B, s (12 s St 5l
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BN 588 CPT B MK SEL 0, ;5

2) R AR E A7 ARG S AR
BUE V(X)) (75 R . B, 19 X 1 R
EERLY,, Yy, Y,

Horp AR5 5 R ARBUE V(R) TR0 f(s).

3) KA E T 85 ARG S
SHE D(X) (A5 AR5, W5 s RE D(X)
FORTT I X IR INEACKT IR 5 R R R B
FMTIAME P(R,X). TEVIRIRAS AT AR
B D(R) = 1% FHAY 55 X, anSRACT i k3
BT 7

_IV(R) _ 5 IV(R) 9V(p) _
D(x) = IV(X) 2 aV(p) aV(X)

P

SV(R) 9 (V(X) J;[XV(X') )
; av(p) av(X)

aV(R) ,
T8 LT
A SRACTT AT B+
IV(R) _
avV(X)
AV(R) aV(p) _
; aV(p) aV(X)

9 (V(X) + Y V(X)) )

D(X) =

dV(R) X=X _
; aV(p) aV(X)
dV(R)
; aV(p) (%)

T +7 2 B . 7 A f A
W 0 BRI
- JdV(R) - dV(R) ,
D(X) = : - V(X 16
0= 2 3y & IV 4o
&) IR 2) ~3) ML (E R AL
[ HEIR A (5 B BER Y
§) = 1 of(s) DA
PO = 50y a0a) = W(R)

3 MAWIE

FT B AFS #9 AC fg AR R N F ARk 52
I HM B 00 A SO T 18 1 P25 Y AFS
FEREE RS 2] ¢ I ERRIRAS AN T

1) ARV AR T TR F, CIRES
2) RHBLIMAS (1,2) WAL ERAL T IE %R S CIRES
1),8) sp,=2,8p,=1,5p, =13

2) RGECHURE 1A AR A R AR R, R
sy, =2,8,=1,5, =25, =2,s, =1,5, =2,5, =2,
s =2

my ’

3) ARG A A K AR, A% &

He¢S (17)
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A5 S e R,

BETF U EARAS RS 2 WETHE PR 1)
WRERRHETF A, KMESE 0, R 2) ~
3) FELR TR A A RS 1 J5 IR M.

S 45 TSR AT AC {dt BREAR TR A 28 4fi PR 13
HH 025 ALt TR RS SR ARE R 43 A )17 L5 S
AT U IR (B E RS 13) AbF
I RRAR S 2 (CH IR R ) A AE 6 (83. 86% ) i KT
FEAL TR RIMER (15.29% ) , T HAML 20 1 (GLF
LIRS ) Ab T i R 174) ARE e K Ab Tl A X 1
s AR 2 AOMESR MR A AC 7 2R 4 LB
IEHARR RS 2R G, TR L BRGS0 3.
= RS = WK —E 2
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1 23 456 7 8 9101112131415
b NN =R = R AR VA =N B
fLfr A EEREEXER BEEEERX
A e fe e 4 2 2 2 M54 1 1 1
RO RO OO R &Rk
R EBRREER &
1 3 2 4321 2 1

K5 AFEERRAS R SR A

SR FH BN it BREASE R 28 9 P ) E BE A5 2 18] 5
IR A, (H B IR i KT AC fg B
PR (L 3). N3 3 W LLE H . DAC, BN #ifig
0 P 2 L S B (PR YR 1 YR B SR A A
15.29% ,0.85% & 83.86% ) ; Q% AC fil
RS, G0 B 38 % LA v T R AE B R Rk
A (214 ms) |, MTEL LA HERL S AT & FHAR 2
IR (20 ms) ; B2 FH BN R, 3153 96 5 42
A TP A TR R (125 ms) s DAC EZ
B T 50 R R I /T BN 7 4R 6 IR T R
(20 ms<125ms).

F£3 HEHABERNREEST

LT U1 IR A A 43 A/ %
- s +f£?’ﬁ‘iﬁ ALV HE
R RPR o AfERR o e
s VR /s fe R A HAR

AC 214 1 19
BN N/A N/A 125

4 45 FRiE
SET O LR GIAT, AT L F 4545 . (DBN

15.29 0.85 83.86

IR EA SRR B ANER I (R A AR T, (H A B
TR BTN AE R, AR B 2% AFS 1E LS}
HM I BRYEER ; QAC 7ELR B BN 58 KB A 1
Jia) RELAh FEAE 3 ) P, RE A 4 1E A B 2 ML R il &=
etk , H - IHAE AR U, B2 HM 52
APPSR G SCHE 1)« G5 A A H — BN ft A
FU(AC il FEAEAY” i B REAR e AC TEZRSE I
BT BEA U AL A I R GEAE L S HM
[, Al 3 B T HE ML AR .
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