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General process model for unanticipated fault diagnosis of

complex system based on data driven

CHEN Yuyun', HOU Bowen' , HE Zhangming'®, WANG Jiongqi'”
(1. College of Liberal Arts and Sciences, National University of Defense Technology, Changsha 410073, China;

2. Beijing Institute of Control Engineering, Beijing 100080, China)

Abstract; The unanticipated fault diagnosis for complex system is a difficult problem. A general process model was proposed. The model

adopted a four-layer structure and included four models, i. e. an anticipated fault detection model, an anticipated fault identification model, an

unanticipated fault detection model and an unanticipated fault identification model. Several key problems and the corresponding algorithms in each

layer were analyzed, including the establishment of the fault detection statistic, the extraction of the fault character, the design of the fault isolation

criterion and the construction of the fault contribution rate. The general process model regularized the diagnosis process of unanticipated fault for

complex system and defined the data-driven fault diagnosis framework. The effectiveness of the proposed general process model was validated by a

satellite control system.
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Fig.1 General process model for

unanticipated fault diagnosis

2.1 THA(BM)MERNE

U A )2 P 5 2 DR e I a0 2
T IERR . BAE IR BB R2 BT 4T B i
R e EA TS RAGI o POl B ) 2 AR ot
A RIS o XA 2 T R

WILRIG , SRBUR GAE 1E F AT W BRRRAE
T S8 ORI A5 B P A 3] o e i R A
) T s — AR 22 A B, KBk 25 S A SR S
S s IR ERZE VAN, e 45 R ) )
BT, i — 254 5% 2 5 Ak B T LR 40300 1) A6
MG

SEBR R, AN [ 8 52 2% R G0 R AR I 1
BRAE AR IR 2 A R k. Hod, i T 4
TH 0 E P R BUE 3R 55 5 AR B B8 - T
RN FH 1 B8 AR A5 A PR A 1 FE PR R 4t
TR /DN ARG TG ARG 00 205 A 5 I P A
T3 T M S S FC A A R G, 3 A B ik
FREHT, Bl aS B e
2.2 THEA( M) EEIRAE

U G B 3 2 AT 55 5 T A AR
2 HRGE I P B AR (B B & A ) ) B 4 i
TR AREALE ) A0 e e A 2 o () B R AR 0 A T
DC P, 5 7 4% g o A X ) A O 20 o v i B
A S ) T < — S ) 8 5 e A e ) ) 5 05 —
S XF PR A TR B8 R AT 1 — 25 04 0 1) DA
SRR foe /)N VHE D488 2% e/ N T A 8, 5 R T
B

SRR R TR IR 3h A SR W
s SRR IR R PSP S iapeie il I DR VA
Sy AR 0] 43 A AR S B o AHGT I 5 JE
AT B TR £ ., T 7 L A T (L 1
I DT Ay A TR A ) i B
2.3 AETHA(SRAN) BRI R

AV T A I )22 (R AT 45 2 S B ) e
(RGN, = 30 3 X 3 T30 e e A 0 3 1 P A
A, A YRR R AL T ) 5 T T R AR Y
WCRRERAAE A7 72— DEC , A T S B 70400 e e 5
TR 1 73 B9 o A T I B AG I 2 A T gl A
—ANZAHNER . WY TR R S AT AT —Fh
T4 14 FE AR AS RE DT T, D08 BA & A T AR 15
B . 02 0 S B [ U = T e e A
R AL 3, LS B S TS AR 2 25
2.4 HETAHA(R&0) BERIRAIE

AR R A 2= BT 55 2 X T il oA
I, XS 4 A O e e 40 R A T R £ 2 >
ST LAAE BB 2 B B (1 S Bt o, LA ]
Jet > FIMERE AR R b A B, 5 Y]
AR AN [R] , AR T e e U0 AR e 31 e e 4
BB A A 5 AR, DR U A A
AT R B AR AR SRR X S AR AL



56 1]

WREE B , 55 - Bl YR Sl 1) S 2% AR e Bk i Wi i R Y 129 -

FEEHRZ ERZEE AU BLZ el e R
HOFE VA e I o ST K =S W s SIS PO |2
TR T 53, — SO, g )= b
(1R L 5 5 2R AR B PRI A o X HEL 4
TR 2 00 1 T ks 3, 3 a4 AR
AR ZR G IR 1) TR e S BRH IO 2% o 1 U R
52 AR T R

3 EEIUEEN

AR AR T e P12 W e P e R, 25
JE P g DR S B TR, DA TR S RGN
1, R AR R FE I B AR

(EARE R, X T HAL — e R 48, Wbl
ARG KRBT R G4, AT IS A 18 1 Prifiig
A TS 12 e e A L AT 1 Y
FHRE 324 S BAR U e s A A 00 -5 001
3.1 IDEETERRGRHERER

B2 25 T RS RS M L

P
HATHIAY LN TR AL
N —‘
2l Feifl g
K2 TRESER RS
Fig.2 Structure for satellite’ s attitude control system

e

Y T TR A ) R G HORZE 1 1) 52 2
T FEIREE AN 8 1, SEBRTE B AT, RS (FF
SR g I ALY S5 AT HLAE ) B S R
R

2 I8 TR A 2 g A HILAL 1 2
i, A 20 PHERI B . B DR IE R
B, 1A RO 2 T SR AR TR, IR Y
19 AL FI0K, W3 20 B s 76 208
i ERIS EEAEE B, B34
W T IR HE R RN AR — L TR Sh M BR AR ik
BT B B0 i o % b, e O ) R 4R R
Bk At 2, AL B EE AE R n, =7, X
TALERM BN (B, By, Sy, Sy, 85:80:8,)
W3 3, BEAHE B B [E] 2 500 s, SR AF: (] BE
1s,flm=500,YeR™™",
3.2 BRI EETH

X BT B A 0 B HE el T B i R T e
(ANl 3 Frzm ), C8 260 B A 00 5 75 2 o) 3
7 B0 1 TR A Kb B 45 I R ARG T ) S A
B

A4

A

®2 ARBERA TOHERER

Tab.2 Batch number description of monitoring data

Jre [ AR/ s
1 IEEAE

2 E—HR S b ERUR A R 211
3 ERShhERGUBAS R 364
4 B HUR S b ER URER 254
5 SEVUHLYR 2 Hh BRAUSAR K 254
6 SE—HOR D R U b 440
T S HL ORI b R AR 240
8 B AL bR URRES ik 170
9 SR VUL IR b R U K B 351
10 55 —HVR K PHBUR SR 395
11 58— HEVR ) R B U S b 368
12 58 = HER 2l K B BUR S 5 b 78
13 55— HEARFM AR PH U=k A5 i e 352
14 55 ZHEARFAM R PH U=k & i e 70
15 S —HIRZFE IR 328
16 55 —HEVR Bl be SR e 95
17 5B —HEARHD B SR e 392
18 5 ZHEARHID g SR e 125
19 Bt i i i e 386
20 SR At A B g 144

X FAE R H AT IR Y = (y,,

Yo, o, ¥,) € RO e n Sk ARG 4E 5, m

IREAES B, IR ARFRECE I R K Y gy
i AR PR AT P Rask 22T

Y=Y+Y (5)

OP My B Y Y W B,k
(B 7 2

2=m1_11? ! (6)

[ B y ARSI A% 25
r=y _y‘i (7)

H X (6) Azl (7) ¥ T Seit e .
T(y) =r's"'r (8)

TEVNZREE A i A 22 06 1E 25 43 A 1) i £
T MR R (B EM KT N a(a=0.05)
i, 28 2500 o MUY JT 6T o 554 e 6 R A
n,(m>-1)
MCHEAS IR I 1, %528 2 v iy B i a4k 4
AT C BB I, A U 25 2R L3R 4. ik 4 7]
TRV WA B, ASE DU SR LA I S A 45 2R

T2

n,) =14.3979 (9)



- 130 - N R N 5539 %

AL T RICE Jh A I E] AS RE  R A AR T

% -0.7 1 N N e
N B A U BRERE A T 18] 7, 3 4 TR BCRERG
0 S A0 WY ) i e S SR A R R AR o 5 R A B A
~ 095 T2 L IR RS R R TE IR AR i AR
S osfhibtyl Mt TREARZ 1.
100 200 300 400 500 Qé 3 ;ﬁﬁméﬁﬁﬁj
> 2} 1 Tab.3 Data variable description
et 21F ]
- 100 200 300 400 500 A A/ | AR A/
o, _ TR G Iy BRSO
T bk s s eS| v EREMBREURE B, | v RSB g,
100 200 300 400 500
— v, HIPHEREUSEE E, | e GHOREER g,
S R : v RHKWEUERE S, | v AR e
- 1(‘)0 200 300 4(I)0 500 Ya Wfﬁpjﬂ;ﬁﬁiﬁ!@%& So
o -0.0555 : j g
< 0056 W%MWWWWM
= 00ses 100 200 300 400 500 3.3 E%ﬂ&ﬁﬁiﬂ%u%iﬁ;fm
R X107 25k IR R 2 5, A5 30 21 Wi B R AR
SO Vi I A4, THC RIS %
o e e RGN B 22 (5 B 4 A 55 18] 20 A1 S UM B AR AL
(a) T FHT R e s PR O s B o RO 1l {5 BAE
(2) Normal patter Fay S R AR 8 1 {5 R o 10 T, S0 R T
ﬁ&ﬁ%*ﬁﬁﬁ E(J %:‘?Ejifﬁ](l = 1 ’2a'“5nf> 9rij(j = 1 ’
o 03 rm - 2, eeeymy) SRR IO 1 R AR T T ) B A A
< -0.7 MMN M L
- 0 100 200 300 400 500 T3 18l SREA DT [ RN -
_ iy, /s
S L Pt D
) 1002003040000 iC0(r,T,) Sy r FIC AR e v 5
c = [ AR f, X R ARSAE T ) T, 1975 1) I £y, B
~ (11)
o 0 ]
= 20 D i o e 0L A M ETCREREA TS 1) r 555§ A SRR X
e FREAE D5 0 T F e ff eI U i T 35y
c 3% ] S 0 R R, 27 (T, , T, ) MR, 25 4
I XiE 4 rp i CTECRAGIN , 046 B BE , B Y
o e SRSy 2 4 TR 2 HERCR o R
g 00 e IR ¢ = 212 s, K 2 il i AR RE A T 1] B AL A
o _ 1 RS A RRAE 5 1), B T, = (0. 979,
T 1 |
& 1 w%ﬂféo 0.012, -0.134, -0.067, 0.012, 0.156, —0.022)",
/s X T55 3 MUK , Sy 18] 2 ¢ =365 s, 24 i
(b) Rt WO REAS J7 1] r = (12,131, 0.289, —0. 238,
(b) Fault pattern 1.002, 0.602, —1.632,1.649)",
B3 IE R B b A ks SR R MAEIHLIN 1, 27 ik W50 3 SR d0E 1tk

Fig.3 Data comparison between the normal pattern and Bk o 1 AU s AR 2, IR ATk AR A T
the fault pattern ] $2 58 28 AR RIS )2



55 6 3] WRER B , 25 - i K 2l (Y 52 2% AR e AR U 2 W e P o e Y - 131 -
4 COBRERNGER—TE(EM) SRENE
Tab.4 Calculation result of anticipated fault detection—anticipated fault detection layer
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Tab.5 Calculation result of unanticipated fault detection—unanticipated fault detection layer

B REBU AR Xof IO AL B A X R AAE o) B 4
1 IEF B 0 0.000 0. 000 0.000 0.000 0. 000 0. 000 0. 000
2 & 1 0.979 0.012 -0.134  -0.067  0.012 0.156 -0.022
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8 Pt 2 0.001 0.920 0.003 0.003 0.101 0. 004 0.043
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Tab. 6  Calculation result of unanticipated fault detection—

unanticipated fault indentification layer
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12 2 3 VR 0 K PR USRS
13 7 4 ARFAD A PR Ut
4 2 4 ARFAD A BH B0
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