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DEEHMERNE R, MSEREAMENZRESBHEEZHYER. TEN
— MR SIFHERERA R, BANBRSEREEE AR S EBERZRNITRER
MR BETETHREEEIENMEIERA®EH /% A ILESEXANR THTE
BN R, & REPZAMFTEIHE R T BHEERE B4R, AR RE 2 MR
B

Xt MME A DB, #iESH

1 5

Tl

TEM—THEERER SE LATHRENFZHESEE X TN EEMME
PW A EREETHRAMAZE MO %, WRIZKN —R% RS ZERERES RS
WA TSN, SRS KHHEEMAS, EETT. BT ATERNSH T EMAR
F L RETHEARFIFER SR T, GBS N AR RN EASRIE, HHE
BILA, A—HEWBH TR E EEEMLAIITHILEMESEITEL, L5
FRHMIES. EE BT SAIEIE T DR MRS W5 B RE T — ORI
T LRSS N & 5ANE B RRA W, AT N A RS SR B e T bR T2 MO
RBTTAR 1 FE. R RS £ TR A0 TR AT WA E 14 T R 14 T [T P9 SMATLAR B2 46 HCRE 32 T 1 BT —
ABRRME. T - DL TESESH R E, RESHSERRK 4RI (M
E5H) B%, ERREANFEBESRZLER, AT BRRE KRN USRS BT A
SUEREPE, A LI HETAR. ASCRRAOE TREERERN T EHRSHTNE, B
BN TEBMEEHIRBUNIR, BIRMESWARN, THHETRARE, PARWELE
o BR AR R AE BT A, AR (L DRSS W IR A L

2 MR R HARTIE

2.1 fAREHIER
MRS TG R iy Zdzislaw Pawlak K, HERMBFRAX M ST THTE
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Mo mE—HEREEMRAES R EEMRAES R THE®HEES U e, %A
M, LA U/R. RIPHRESEEIENMIRNEN, BRI REREE R X KT 2K
RIRE D, BRTLARRA SR R B FER ST

EHEES U B— ARG ESOVERANE X1, Xa, -, X, H X BER

OX;CcU, X;#0, X;,nX;=0, OXi: U 4,j=12--,n
=1
W X % U/R B4,
REFRRS S=(U,RV, ), U Nxt5%, R=CUuDNBHE (CHEERY,
D hysERE). V= V. RBIEMEMES, fUxR-V AU AR KR

réR

Yl X TE—1TREESE BC R, X
IND(B) = {(z,9)|(z,y) € U?, Wbe B, b(z)=>b(y)}

ARG KRR
AR FR IND(B) A—FHhRRH
IND(B) = () IND(b).
beB
2.2 YUEHE
REEBRFHA G RIEMESRBEA R, SRR BEEAFRBERRERISBEAR
IR BIERIRFKR, RRBERIERERBEHEREBENIE. RERGEERETHKH
BUEF S — R E L RKMERE, RIfFE—ENTTR, AREELN—EEH
EWRRMNPKE B RE N & BYESTANE, Bl AIREER, §H RS SHEHN.
XA HRERFIKGE BRETRERMLS &M BIEZ R IR R R LA RH
RTHAE, BEFREES C MAEXNAR C' £ C MY TRERYE D &AM IT
£
HERKRGEERENMNBEU, P, Q RENLE U LMK FZHEHL Q C P, HXF
Re P,
IND(P\{R}) = IND(P),

M R Xt PRATLEK, BN, REXNVHER. MES—/ RXt P RASHLER, I
P RMSIH, BN, REMEKESN. P PHALENLNEXRARNESNXERE P M
X (CORE(P)).

% IND(Q) = IND(P) H Q hsr, M Q B P My—/Naxt2yf.

XRERE B REHITAMN, —BRE T HIHRERESTH. PN E LT

RREREL S = (URV,f), U AMRE, R=CUD HBNHE C={uli=
L2, ,m} ARMRBRYE, D= {d} ARKEME. a:le:) AREK z, 7F a; FHBUE. Cp(3, )
FAPHRAEREREE  f7 7 ST E, WA Cp B XA

3 d(z;) # d(z;) B, Cp(i,5) = {arlar € C A ak(@i) # ar(z;)}-

Y d(z;) = d(z;) B, Cp(i,5) =0.
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HTHHRER BRI BRI T.
XFHREERE T K PTA BES E SR A TR Ciy(Cyy # 0,0y # ), B HEIATEL
Eﬁiiﬁ}t Lij’
Lij = V a;.
a; €C,j
WRANTIREERAR L; #7862 H, B2 —-T58uX L, B
L= A\ Ly
Ci;#0,C,#0
WA S BT E BT EGER,
L/ = V Li.
BB 2 A B A BT N — SR I M AR, B S EUR ET A IR AR
AR BERFHRIEES.

3 bR

N RS B IR 31T LR MRS W R AP BRI T

(1) EIAREAR S BRI, MESWROER. BRI HEN, FRLE TR
SEOBETE, B R XA SRR R BRI EE S,

(2) A&, /2 & IERSE

(3) R B SRS UL RS BT AL,

F 1 FREEREISEHR
Table 1 Gyro fault diagnosis table

. ERTRREE g
2} w T

1 O w1 T di(F3E)
T3 03 w2 T d (5 %)

z3 O w1 T3 d;
24 fy wo T3 do
x5 61 w1 Ti  d3(EBIK)
g 61 w Tb ds
o7 63 we T da
T8 & wn Ty ds
To G2 w1 T3 dy
Z10 03  wa T do

B W LRSS H REMREMEIERER (RERY) & 3 1 DA
HORBRHI A (0), WEEE (v) FIFRERIRR (T), WA 3 & RIL. (74, BB
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K. HENRA « Fox, RESREA d R B0 10 R, WZEIEI2 KT RS A

KEE BN
U={zy,22, -, 210},
A={0,w, T},
D = {d}.

WM W R IR 1 Frs.

ARBFE, BF 1 BRHEHEL2BA

® 2 FEWEMEISETR
Table 2 Gyro fault diagnosis table

% ERERBEE S

8 w T
Ty 2 1 3 1
T2 3 2 1 2
T3 2 1 3 1
T4 2 2 3 2
T5 1 1 4 3
g 1 1 2 3
7 3 2 1 2
g 1 1 4 3
g 2 1 3 1
z0o 3 2 1 2
RIEE 2 A2 rREWL 3.
*3 SR
Table 3 Classification table
U/a 0 w T
{z1,2z3,29}=C; 2 1 3
{z2, 27,210} =C> 3 2 1
{z4} =Cs 2 2 3
{z5, 28} = Cy4 1 1 4
{re} =Cs 11 2
RIER 3 WTHRBHREERE 4.
x4 PSR
Table 4 Discernible matrix
C1 Cs Cs Cy Cs
o - {gwIr  {«} 6T} {67
C: {0,w,T} - {6, T} {6,0, T} {6,w,T}
Cs {w} {6, T} - {6,w, T} {6,w,T}
Cy {6, T} {6,w, T} {0,w, T} - {T}

Cs {G,T} {evva} {87“"7 T} {T} -
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RIEHPERE T 577 T B B2 A RUE M &R B0,

c= A Cy={0v}u{wT}
d{z:)#d(x;)

Prld, &R ME (MEZHIERER) 8 B FHY, —DR (0,0}, B—1E {w, T}
XYL T RS WA 3 MMERAS B AT A — A

WL {0, w} BEFTHEISHWE, AT T S

IF @ = 65 and w = w;, THEN #{f& = -K4F.

IF w = wy, THEN #p& = {54,

IF ¢ = 6,, THEN #f& = B K.

MRUM {w, T} BEATHRE, FI31H0 T GRS M.

IF w=wz and T = T3, THEN #[& = %3¢,

IF w=wy and T =T} or T3, THEN #{[& = {£%%.

IF T =T, or Ty, THEN ¥ = %53 K.

4 Wig

X TR BIE AT DB MBS W T AR .

(1) ETFHEBEERRNAMAFEN DEYRESKHIERSEN EWFN, i T
BHEELRIE R, BRI, ARHE KRS R .

(2) MR ER: U2 SHT, FEBIERERIEREE, CHEYWA
MBS RIRCR. ART0XT T SEBR RS I e B, & BB R S 1 JR M A — 1 FL AR B R 1
L FAFRMEERAR T AP, R s TR, ASCRBS
FINF, X324 BIE R BB A PR oK. IS AR AT R M ® i H R
M, HRERIPEREIRENAMS RS, ERILEZH. SZLEHEZEE RN
FAERYE, FILAFESBIBR AT R TR

(3) ASCHR th i T2 sl 12 W 7 ok T T AU R b T 2 2R 5 S B T 18- T2 A 3
&, MAHEEEIE N A IRBUS T AR, AR RIS H SR, SR (%
BOSKIRHESE) L, MiZWERuaH, 58, FAAEBTROA-BRERNERES
ab 2.

(4) ETHBEER L DEMEE S R A B A5 BNGE, XRE M
EHRAGHBEERT A8 PE&ELE BT HREHE.

(5) BT HEEH Y DRYREH T ERBEE LEENBEERE R EN, &
EBMEEOEFEEYHEE. BT LEMENERENEDERBNEENZZE &%
BREMEENRS, “TEAUE MEREDENERNEPHELUAE]. MouZREL
WA PRSI A SR TSR LEMESHES, FHEHEEE, BK
FhEL, iR B TR MR IS T R ST L BE.

(6) AMTHE R E AL BEE TR M2 W &R AR R R PR SR R,
HERBRARITENE AR AN, SRR AR RAEHEOE
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Zebk R BB — PR BRI, A E S RAR DEMEZ RS KT
KGR, ETRE KA EOERME E, (BN TSR T EHT TR S
WA, % R R (TR SR A

5 Sk

B A I R G TR AR (K14 T e R SR P N G MR HEBE O 0, R B SRR T
RIEERE, HE T SR RATIO W, ASHRE T — MR AT & MR E S T aol g
EEP T DEREESHINF 7. ME DE SRR RERE N, MRSk
FOARBE R AR, BASCR KT A& WA RTR, #E D2 ML
T R RSR K MR, AU WA SRR B R A LW DE LR PN, M
FARRRE B2 B 10 BT TR SRS Wi B — S A (A RAE R 3 B B B, 29 TRy B A P A B
RS 7E) MfR g — .
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METHOD OF SATELLITE FAULT DIAGNOSIS
BASED ON ROUGH SET

YANG Tianshe'? YANG Kaizhong? LI Huaizu®

! (Department of Industrial Engineering, Xian Jiaotong University, Xian 710049)
2(Xian Satellite Control Center of China)

Abstract

The fault diagnosis of satellites is a difficult problem due to the complex and
unique of structure and control of satellite and the presence of multi-excite sources.
Generally, one satellite fault mode is relative to many symptom variables. These
variables comprise a set, called the primary symptom set of the fault mode. If each
variable in the primary symptom set is necessary to the fault diagnosis? The an-
swer is “no”. That is, some variables in the set are redundancy variables. Current
reasoning method of fault diagnosis uses all of the variables of primary symptom
set to diagnose fault. Because of the redundancy variables in the set, the reasoning
method is usually complicated. The redundancy variables not only give no contri-
butions to the fault diagnosis, but also affect the accuracy of the fault diagnosis. So,
the methods that can remove the redundancy variables in the primary set should
be found. Rough set is a kind of advanced uncertainty reasoning theory. It has
several advantages. One of them is to be used to simplify and optimize the sets,
which have redundancy variables. Based on Rough set, a new method of satellite
fault diagnosis is proposed in this paper. This method removes the redundancy
variables in the primary symptom set of satellite fault mode firstly. The remainder
variables comprise a set, called the reduction symptom set of satellite fault mode.
Then, on condition that the diagnosis accuracy is guaranteed, the proposed method
only uses the variables in the reduction symptom set to diagnose fault. The diagno-
sis reasoning is relatively simpler, because it uses fewer variables to diagnose fault.
The content of this paper is organized as following: Firstly, the shortage of current
methods of satellite fault diagnosis and the necessity of applying Rough set to satel-
lite fault diagnosis are analyzed. Secondly, the theoretical method of Rough set for
diagnosing satellite fault is briefly studied. Thirdly, the practical application of the
method is given. Finally, the proposed method is discussed and the conclusions of
this paper are given. It is shown that the method proposed in this paper is effective
for satellite fault diagnosing.

Key words Rough set, Reduction, Satellite, Fault and diagnosis
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