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1 #E

BEREHTTEREEMALER, A1EE
B E TS, R RS RSN ML
WFEHE, MEREBER. REFBRAER
MY E %05 EE A TR A EE A RS
fEh. AREHEEREISTUXAA HRENAS
fieh, MBEHEERB RN, BTN H®
SE P HfE FE R O R o DA X 3 4 T B MR AT B Sh A T
fiWe. BAT, AMEEREFAREEERER
ETESRBQMMLE RN, HENRERE
EFE. FRASHEEECAEETEIE, EEF
RN TEYBEMMLHH=MEFTE, 2HETF
AHEEEEE PO SEES . EREEELH
INEoE 32k Do

2 =HHFERN

2.1 GBRERBRAZE
&[1]:

(EmAaN]
(XM ]

2002-10—-11; #EH# 2002-11-29

X AMREE, ACX(i<k) A X BRI,
BIE A;NA;=0(i#)), ﬂiQ‘A,:xo

CARXB—ADRR, A =1 A i<k o

‘DR X EaRe ik,

‘X ERBAGRA, =1 Ais i<k } W B, =
{B;; j<lfo

%% ACB;, B, KB T A, (A,CB,). W
R A€A,, BBEB.HACB,, # A¥WA B,

D(B;/ A))# D(B,/ A,) %1% X #D L&
AFE. AFEEXMT:

D(B,/A,) = A(V D(B,/A)),

A, <B,, D(B,/A;) = 1,

A;xB, = AiNBj; i<k,j<Il,

A: X B; < A;y A: X B. < Bgo

%D(BI/AI)=A/:\I(_\:/1 D(B;7A;))<1 B i<

k, B B,, WR D(B,/A) =V D(B,/A), M

BXRH (1964-), B, KEWEEHA, ALXIEMBFLOREATEN, ARTERFNLE
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AREMT AN .

mER A, WH B
2.2 HEXERHE

e AERESE (rough set) HiSHHITRKR(E
BREARMTE. ARBERFRRFELERLEK
BXAAERHER TN H#FTHL, AEKEUT
E)‘L[.’wll]:

X1 RREBRAEKATRRNS=(U,R,
V.f)o UNXSKE, R=CUD NRBRHE (CH
FORYE, D NRERI). V= UV RRHEMK

A, IUXR>VAUHRE—-TNR s WEH
H. ¥TFE - BHEE BCR, EXRFTHXEA
(IND):

IND(B) = {(x,y) | (z,y) € U?,
Vb€ B,b(x) = b(y)lo
IND(B) h—%#*%,.H
IND(B) = (1 IND(6),

L2 URMRE, PREXEU L#—
NMEMEXRE, REP, MRIND(P\ {R})=IND
(P), RXPREMNAVLEN, BN, BEXMNLE
Mo

X3 UAIMERE, PREXEU LW—
NEMXRE, REP, MRB—-1 REPXWPH
RAXMULEMN, W PRMIKN, FU, REMHK
Hi .

EX4 UAIMNRE, PREXNEU LH—
NMEMXRE. PEFAENLEXRARNE
BAARREP W% (CORE(P)),

XS5 UNNMRE, PRQREXNHEU L
KA EHXRERLQCP, MR IND(Q) = IND
(P), BQRMMHM, N QRPM—-ITEXNY
fio

X6 X XHMAGFHXEB, SB8F X W
BOKW S UHEB _ (X)MB/MATE XE B (X) %8k
BREBHRE. B_.(X)MB (X)AHHI XK
B TEEMLEEIR:

B_.(X)=U1{Y € U/IND(B) : Y C X},
B (X)=U1{Y € U/IND(B) : Y N X # &},

EXT UANMRE, PRQREXNEU L
BRANEFMEXRE, QWP EHHNPOS(Q) =

U P_(X)o

z€U/Q

EX8 UMNNRE, PHQREXNEU L

KRN EMEXRE, WRPOS(Q) = POSp /1)
(Q), N »r BP PHEXTQAIHEE, BN, BA
EEL3:08

EXL9 UAMNBE, PHNQRENEU L
MR EMELRE. MEPOS(Q)#POSp i)
(Q), P AMEMFQ MM,

X110 UAMERE, PHQREXNEU L
BRI EMERE, H SCP, 1R POSs(Q) =
POSy(Q), W S K P K Q A (REDg(P)),

X1l U RIMRE, PHQRERENEU Lk
MBENEMERE, PHFTAQ AFAIEBERE
X P #Q #(COREG(P)),

X 12 URMEE, PHQREXNEU Lk
MEANEMERE, WEPOSH(Q)=U, U] U £
P EHMTFQ —BM,

AL 13 REGBGEREKXHREREES C HHE
X1 C R C X FHRERBMD WR KM TE,
2.3 EEEREIEHE

IEEHEEE LR LB AR mass B mass
REMERBRERKEBEMMNNSE. 28, MR%E
BEN. MFR—RKRE, SAUERAHNERE
BAR, RN A EEEEES, KIETERN
S5 ) mass REESATHRER BN, & NI
TS, RRRERES, BNIEEEERE
AT LA T4 FF X 2 mass B, ERBEEILH
X—HRaMTLESREMMZERIERAERAN,
EDERERMMESH LIRS, E2FSHEXHENE
f: XFRA—1ER, ¥RINMBE\EEEBRANMAS
HMERREARRM, HEERE M T EREMEE
SHATPEHRENERREEEN, WA, AT LR
FEEEEEEAEMEMNERUARMA, B2E
ﬂm%%[12~14]0

mass REARFEMT (H HBEEME):

= > m(A) - my(B), (D C H)

m(D) - NAﬂB=D

H
m($) =0,

N = E ml(A)'mz(B)>0°

ANB#$¢

B om B X EH mass BRE, N
B(A) = >,m(D), (D C X),

DCA

L(A) = D) m(D), (DC X),

DNA#$¢

ﬁfﬂﬁﬁ m = B(A)/L(A)o iﬁﬁt;k H max fﬁ
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B5%

EFHTEHENIREE,
PLFEREHEEE RN, BEEBRUTEAR:
BRI EHEHERRAERE,

- AT LAST & L% KB mass R B4 AR R A AL
H, FEARRERBEANERTLUARR,

—MEEEE TR ESHERRNIIE, M
JBRERERE mass RPENFREMEER.

CIMRARFERK o BEE, NgkEETER
MXILAERIEFRERNSR.

" EZREBERRNEABR. HEBER
RHESBRATREANBERRNOBR, WALZA
A—MITEHATHEES W, LK R #E R IS R
ZHER,

3 ZHANFEHERLR

3.1 S8EERMEA
RSB RE RH L R 2,
-DERBFRBMIRILRE;

CRELMHEEH;
‘EFFHRERETEL,
REQTERL, TREESERITTEIEERG

BREMEHRERME 1.

F1 DEESESIVEV K
BRERE (FBEX)
Table 1 Information system of the fault of satellite

attitude control computer (original form)

% B fER

MR FE@MRE HESH EHRRES
F,
F.
F,
F,
Fs
Fq
F,
Fq

K

D,
D,
D,
D,
D,
D,
D,
D,

O W e ofn oD D En Eo
[
O B K oFn B o D Hm

X F RAHE, CRRYBERESE, D
TN B PRSR R 1

SERBEFR “B” A1RR, “B” HOX
A REBEFHR “D” R1%w, “D,” A2 &
A, “Ds” A3 RM. WRABFE, A PNP KR
“FRMIRIKR”, AOMRR “BLEEH", A
MGO %A “(HRERELXR", WIEEEEHEH I

BUHERGBRENER LB INE 2,
F2 DEESEEVENHE
BERRE (BX4EX)
Table 2 Information system of the fault of satellite

attitude control computer (formulary form)

C
F

o

o
Z
o
o
<
2
8

F,
F,
F;
F,
Fs
Fg
F,
Fg

I S S — Y — S SN
=R Y R
S O = »—-‘ o O (=T
W N = o= W W N -

4+ ¥ PNP, OM #1 MGO R4 F:
Ay pxp = {Fi5 PNP = 1} = {F,F,,Fs,Fq,F7},
A, pnp = {Fi3 PNP = 0} = {F3,F,, Fgl,
W PNP 3t F #9%I4> (PNP") K
PNP* = {{F,,F,,Fs,F¢,F;},{ F3,F4,Fgl}o
Aj-om = {Fi; OM = 1} = {F,,F;,F,,Fs,Fg, Fg!
Az-om = {Fi; OM = 0} = {F,,Fyi,
W OM Xt F #&14 (OM™) K
OM* = {{F,,F;,F,,Fs,F¢,Fg},{Fy,Fy}}o
Ai_mco = {Fi; MGO = 1} = {F,,Fs, F¢},
As-mco = {F;; MGO = 0} = {F,,F3,F,,F;,Fg},
W MGO X} F #R14r (MGO") K
MGO* = {{F,,Fs,Fgl,{ F,F3,F4,F7,Fgll.
TR, BEXT FRARBENFARS:
F ={PNP*, OM*, MGO", PNP* x OM"*,
PNP* x MGO", OM" x MGO"*,
PNP* x OM* X MGO"* },
#® D RIS F:

Al_D= {F';Dzli = |F19F5)F6l9
AZ—D: iF,-;D =2} = { F2aF7}»
A3_D= {F.';D:3} = {F3,F49F8}’

W DxtF @RS (D) R
D* = {{F,,Fs,F¢},{Fy,F;},|F3,F4,Fgllo
B F PNP* >D*, OM* > D", MGO" >
D*, Frk, #K# PNP*, OM*, MGO* H# 2z —
AR KA, HER, PNP* XOM*" D",
OM* XxMGO*<D"*, T LAF PNP 5 OM &
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OM 5 MOG %4} D,

- Bl ,
PNP* x OM* ={{F,,Fs,F¢l,{ Fy,F4l,
{ F3,F4,Fgll,
OM* x MGO" ={{F,,Fs,F¢!,|F,,F,},
{F3,Fq,Fgll,
A
{F|,Fs,F¢l ={F;; PNP = 1,0M = 1} =
{F;; D = Dy},
{Fy,F71 ={F;; PNP =1, 0M = 0} =
{F;5 D = D,t,
{F3,F,,Fgl ={F;; PNP = 0,0M = 1} =
*F,'; D = D3},
{F\,Fs,F¢l ={F;; OM = 1,MGO = 1} =
{F;; D = D},
{F,,F;1 ={F;;0M = 0, MGO = 0} =
{F;; D = Dy},
{F3,F4,Fg} ={F;; OM = 1, MGO = 0} =
{F;; D = Dsl,
B8 3 AT e -

Ao,

mE (PNP=1, OM=1), W D=D,;
mE (PNP=1, OM=0), W D=D,;
mE (PNP=0, OM=1), W D=D;,
o)
mE (OM=1, MGO=1), W D=D,;
mE (OM=0, MGO=0), W D= D,;
mE (OM=1, MGO=0), W D=D;,

m2;

3.2 HEEEERMNR

R D EEARBNEAENBEAERA
5O, SRR, MOEE, NERFE, “#H
28" Fi Thruster 7%, “fE#” F Gyo 7. “BhE

HARABRITE, B Ty, Tw, TwHHER
Thruster BMBEW=FIRME; A G, G,, G;
3 RFR Gyro BMBEHW =FERME; A M, M,
SRR A MW B BIEWFHFHERE; A To, To
4+ 51 FRA MT 1B 3 3048 i P Fh B

RETEHLMERESIAMMBREGFER
gk 4,

Fa REBRRZ

Table 4 Decision information system

ded §edie HRR S
Tw G; M, T x
Tw G; M, To x
T G3 M, T A
T G M; T A
Tus G, M, T )
Tus Gy M, Tor %
T G, M, Ton A
T G, M. T x
Tw Gy M, T <]
T G, M, To H
T G, M - To A
T G, M, To -

B H MW %R, ‘B ESR” A MT %
ARETILED] AR R R AR 15 B 3.
%3 ENRER
Table 3 Symptom information

B &K SRR

P, Thruster Tw Twe Tus

P, Gyro G, G, G;

P, MW M, M,

P, MT Ta T

EX CRHERHERESRE (FERHE):
C= {#HNHB (ar), R (ay), BHER
(a3), BHERE (a))lo
WD ARFERESE:
D = {Decision(d)},
MEMT “AA4BHXEKR (IND)” 1 “EH
(POS)”;
IND(C) = {{1},12},13}, 141,15, 161,17}, {8},
{91,110}, {11}, {12}};
IND(D) = {{1,2,6,8},13,4,5,7,9,10,11,12} };
POSc(D) = U;
IND(C\ a,) = {{1,3},12},14,8},15,91, 16,71,
{10}, {11}, {12} 1};
IND(C\ a,) = {{1,8}, {2}, {3}, {4}, {5, 10},
61,171,191, 111}, {124} .
IND(C\ a3) = {{1}, {2}, {3}, {4,101, {5}, {6},
(71,181,191, {111, {12}};
IND(C\ ay) = {{1,2},13},14},15,6},{71, {8},
{9}, {11}, {1241,
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B5E

H U AT 48
POS(c\.)(D) = 12,5,9,10,111,

POS(c\.,)(D) = U = POSc(D),
POS(C\.:J)(D) = U = POSc(D),
POS(c\4)(D) = 11,2,3,7,8,9,10, 11,12},

B, AW ZEER, BRIFBRHER
RAVER, HR:
IND(C\ (a;,a3)) = {11,8,91,{2,11},1{3},
{4,5,101, 161,171,
- POS(c\ (q,.0)(D) = 13,4,5,6,7,10,12},

Bk, RHERESE (HOFE (a)). BR (a,).
BAOES (a)! M {EHH (o). HER
(a3). BEAOESH (a)) BBRERKBRHESE
{Decision (d)}, C MEFA D A4f&H
REDL(C) = {{Thruster (ay), Gyro (a,),
MT (a4)t, { Thruster (a,),
_ MW (a3), MT (ag)lt,
CHDEHR ,
COREp(C) =N REDp(C) =
{{Thruster(a,) ,MT(ay)}t}o
REETHREENZEBZHENRERBHSA
WAL, BIALKGEEREANTINAR A M B,
mES, X6,

K5 RARELRZEH/M A
(N3, PEIR, HAHIER)
Table 5 Reduction A of the decision information
system (Thruster, Gyro, MT)

6 REBBRENE B
(¥EHzE, WML, #AHIER)
Table 6 Reduction B of the decision information
system (Thruster, MW, MT)

Eiged Be3it BEER S
T M, T x
Th M, To x
T M, To A
Tus M, T A
Tws M, T A
Tys M, To x
Tw M, Tor -]
Tw M, T A
T M, T )
Tw M, Tor A

B REE BECR S
Tw G, To x
Tw G; To x
Tw G, Tx A"
Tw G, T B
Tis G, T -}
Tws G, T x
T G, Tor A
Tw G, Te x
Tw G, Toz ]
Tw G, To A
T G, To -]

3.3 ERBEERHONA
REBILEESHBRABHAIRR R
(P BABHE (P,). BSEBB{HE (P,),
ERABHUTHW (P, RAREZBGIBEEH
B\, A A RBEBHIFHRESHK
ﬁ)[12‘~14.17~19]:
my(nPy) = 0.6, my(xPy) = 0.2,
m3(yP;) = 0.4, my,(yP3) = 0.8,
ms(yPy) = 0.3, mg(xP;) = 0.5,
m7(yP;) = 0.3, mg(yP3) = 0.7,
mass B AIH:
1) 8 mMmy, m = m@Dm,
m(yPy) =0.6, m(U)=1-0.6=0.4,
my(yPy) = 0.2, my(U)=1-0.2=0.8,
mo(U) = (m; P m,)(U) = 0.4x0.8 = 0.32,
mo(xPy) = 1-0.32 = 0.68,
2) B3 mol ms

mp(U) = (mg @ me)(U) = 0.5x%x0.32 = 0.16,
mi(nP1) = (mg @ mg)(yP;) = 1-0.16 = 0.84,

3) %# m:;fﬂ ms

mu(U) = (m3;@ ms)(U) = 0.6 x0.7 = 0.42,
mu(nP1) = (m3@ ms)(yP,) = 1-0.42 = 0.58,

4) B3 m, M my,
N=1-0.84x0.3 = 0.254,
mi(yPy) = (0.16 X 0.3)/0.254
myp(nPy) = (0.84 X 0.7)/0.254

0.064,
0.768,
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mi(U) = (0.16 X 0.7)/0.254 = 0.150,
5) B3 m, M myg
m3(yP;3) = 0.318,
m3(yP3) = 0.545,
m3(U) = 0.136,
6) ®/fa
m=m PDm,PBm;P m, P
ms @D me D m7 D mg,
m(yP;) = 0.0263,
m(yP;) = 0.058,
m(yP,) = 0.704,
m(yP;) = 0.160,
m(yP3) = 0.044,
m(U) = 0.011,
My = m(yP3),
R frmax
Pmax = #(yPy) = B(yP2)/L(yP;) =
0.704/0.817 = 0.8617,
CBERA “HEHSHEFBESHE,

EEHEMN T UEAREEEEERH#TT
EREENMSETRGREG, REFRT AR
ML T E EEIE . HREEEIFIERE #
HALHATIESREMMSEH N ITE, RESAH
T 5 50 A8 R EHEER B S Y B R = iR
TRES RIS W =K, 8 X501
MR, BHUTHR:

1) [R] R P RE 1 2 B0 A0 A o 4
Big, ETESEENALEHSESEER,

2) BFAMNZFAB RN AfHEREEER
TEMFEETESEATRUAMSKHKESE, B
IOL FE A S 00 R i 4 2 T 00 3 AT 0 2 gl R 0 0 2 B
M ERTERMLAN,

% # Xk
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Application of Uncertainty Reasoning Theory to Satellite
Fault Detection and Diagnosis

Yang Tianshe, Li Huaizu, Cao Yuping
(Xi’ an Jiaotong University, Xi’an 710043, China)

[ Abstract]  Generally, reasoning theory can be divided into certainty reasoning theory and uncertainty
reasoning theory. Traditionally, certainty reasoning theory is used to detect and diagnose satellite faults.
However, in practice, it is difficult to detect and diagnose some satellite faults automatically only by use of
certainty reasoning theory. The reason is that detection and diagnosis of these faults requires reasonable
reasoning and fault-tolerant capability, but certainty reasoning theory can not realize the capability.
Fortunately, uncertainty reasoning theory can meet this requirement. Now, it is attracting attention of many
researchers and practitioners in the space field all over the world that uncertainty reasoning theory is applied to
detect and diagnose the satellite faults which can not be handled properly by certainty reasoning theory.
Uncertainty reasoning theory includes several kinds of theories, such as inclusion degree theory, rough set
theory, evidence reasoning theory,. probabilistic reasoning theory, fuzzy reasoning theory, and so on. This
paper introduces three new methods to detect and diagnose the satellite faults, in which inclusion degree theory,
rough set theory and evidence reasoning theory of the uncertainty reasoning theory are used respectively.

[Key words] satellite; fault; detection; diagnosis; uncertainty reasoning theory

(cont. from p.34)

[Abstract] Entering the era of 21st century, there are two characteristics bearing on thinking—innovation and
comprehension. As to innovation, how to exite creative-thinking is a warm problem. From the high level of
philosophy—epistemology and relative-truth of materialist-dialectics, this paper shows that there is the duality of
every form of thinking including the thinking of deduction and that of socalled fixed-accustoming. There is an
existence of both non-creative thinking and creative thinking and under certain conditions non-creative thinking
may be turn into creative thinking which can make new knowledge and innovative achievements. As to
comprehension, there are many different opinions on how to define and classify thinkings. By combining
physiology and psychology, this paper divides thinkings into 2 parts and 7 basic forms. Connecting dialectics
with comprehension, the conclusions of this paper are shown: the duality of non-creative thinking and creative
thinking, the duality of reasoning thinking and understanding thinking, the duality of original knowledge and
new knowledge, the duality of idea and test-verification, the duality of discovery and invention, the duality of
science (sense of truth ) and art (sense of beauty ). The last conclusion is expressed as an example of seeking
the theory of a cross-course —industrial design, the main contents of which are technology, art and market.
This theory of ID is the first advance in ID.

[Key words] creative thinking; turn-condition; relativity of knowledge; comprehension
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