H 2 % 4R
ACTA AUTOMATICA SINICA

841 % 56
2015 “F 6 H

Vol. 41, No. 6
June, 2015

—MFR RGP EZMHAERNSREENZE LA EMR

BEXR Buh' HRE' £ F°
 FE RN RSl Rsh RGP E S TR R G SR N iRl L, 2 Fhiz 2 1R LA 5 3 Se Bk 22 g 1+
PUMRRE TR Sk, M BT R 72 AR s I S IR ZE 0 2R Guan AN U H0 R ARy, B R 72 (S S B A T R 0, AR A m R
TR R R 2R ) o3 B S A AR ZE 4R, ATk 25 4R 5 iR m AR 2 S8 X NG R, SE RGO 1 BR . 5 i 8 I 4 %) LG 1 S
BIBSAE T JATVIT SR R AT AT PRI 250k
RIIA WA SRR A, S IREN RS, T, AL i, AN e T R
SIS AR, BEATID, WITRVE, 5. R R RS 2 R R U B s ) J LT g, B sl ik aE Rk, 2015,
41(6): 1113—1122
DOI 10.16383/j.aas.2015.c140801

Research on Space Geometry Method of Fault Detection and Isolation for

a Kind of Abnormal System

HOU Yan-Dong' CHENG Qian-Shuai! HU Zhen-Tao* JIN Yong'

Abstract
system under measurement disturbances, this paper presents a novel algorithm based on space geometry approach to

Aiming at the problem of coupling between residuals and disturbances in a kind of abnormal overactuated

achieve the decoupling of residuals from disturbances. Through designing a proper residual generator and implementing
the decoupling of the residuals from system inputs and measurement disturbances, the residuals reflect the fault detection
status. By applying space division to the unobservability subspace, the structured residual set is established, which is
exactly corresponding to fault set, and therefore the fault isolation is achieved. Finally, simulation examples show the

feasibility and effectiveness of the presented algorithm.
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AL, S 2 k7 Y 2 AR RN YOG Rk
ATHRVE. SCHER [12] W& H 7 — P IS TRFAE 4544 23 T
HEE SR WU 5 (087 732, X 45 A AR 22 T8 G AT i 9,
B EDYIRIE Y IS il TR & e 5 F ey AR BUN el WS
MR &R, Ik 25k Ak 22 A0 15 5k 72 55 W) i il
K. SCHR [13] 807 T RAE. 1Y a8 i AR Rl 22 I AR —
TG A MR Y A g R A ik 22 i Jml L, H] =
(B JUART 74 LA Btk 7 4 5 it i 4 18 5 o . 5K 3806
ARG AL KIS BB AT R 5 B, B R 8
EWTIREOL. 53R [14] J7EX L, e AU
L8 T R — BT A AT I 5 R ) ) L A
SCERRT R R R R, WIS RS, HE RS
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z(t) = Az(t) + Bu(t) (1)

y(t) = C(t) (2)
Hol, @ € R* WRGRAER, u € R™ A RELE
WG S, y € RY 4 RS0 IEH I A
5, A e RV ARG, B € R™™ N NFEFE,
C € RV b . M RG k3, i d R
GPATHITUR, I HAEA AR A=W R4
KR H:

&(t) = Ax(t) + Bu(t)+ > Limi(t)  (3)

y(t) = Cx(t)+DD(t) (@)

o my RoRH @ ANPAT R R AT, Ly AN A
i ANFRAT B R A W N P SRR R AR, by S B
B, L BB (554 1, 468k, B = [Ly, Ly, -+, Ly,
Dy A8EWFHFERE, D(t) HARFISENE, HobkE
HLTHE.

PRI, IR R A A D, 5C(3)
RS (4) £=H

&(t) = Ax(t) + Bu(t)+ > Lim(t)

i=1

(5)

y(t) = Calt)+>_ Dy Dy() ()

S, Dy WHERE Dy W § U, D, (t) B Dy
REFH, 7200 O f e b R, B2 A
PRRBAT MR . 55 AR 2 e T LA
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2(t) = Az(t) + Bu(t) + Y _ Limi(t) +

> Lm0 7)

uit) = a0 ©)

oL = [f AR mi =
40 -] -

S8 R A RS I 5 B8 2 )@ (Structured fault
detection and isolation problem, SFDIP) £ I
W 5 SCR BN AR ZE L A, A4 DU ) w(t) A
y(t) ENENTHE AR ZE ST ri(t) (i € p), H
HACUNMERG: 1) 2 RGE8RAT Wb R A, I
BRZE v (t) HOIE T, 2) 258 5 DMHAT AR R A b
I, TR IRIER 22 ri(t) (¢ € S2y) Kb oK, T
RIVIRZE ro(t) (o € p— ;) KT REIBE AR, HL
T, p NPT RZE TRRRIERS, Q; JXFE 5 A
U B 22 i A, 28 3.3 kg the . AT R
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A0 555

w(t) = Fw(t) — Ey(t) + Gu(t)
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(9)
(10)
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(11)
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[ml(t)7 mQ(t)v T mq(t)]T'
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3 (11) F (12) v LARE— Pk il s A fay e
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r(t) = Hez(t) + K°u®(t) (14)

M (13) A (14) FTRAF Y, difef £ 2038 24 10 2800
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R"} C R FOAFFESL T C 1B 1% 1)
Ker C ={z|Cx =0, e R"} CR" (15)

FRAFIER - C BIA% A1)

EX 2. % LC R, #Vx,, T, € R", L
Ty —xp € L, MFK xy Ay KT LN, BT
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ENX 306 Mgt A R" — R, 7250
W C R, i AW CW, WKW h AR
— AL WL AWNKer C) C W,
MFRF 20 W A —A (C, A) AL X
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16
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2.3 MEMESHKEZEBIMEKXR
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Gi=PB, K;=0.
Wi, BRZEA NS ri(t) MBI

ri(t) = Myw;(t) — Hiy(t)
2.5 MRBEZLIAREMRS

WikZE e;(t) = w;(t) — Pa(t), RIFERGEMT7
T (5) A1 (6) LA JTHE (21) F1 (22) v 15

éi(t) = wi(t) — Pa(t) =

Fie;(t) — E;D;D(t) — P,L;m;(t) (23)
ri(t) = Myw,(t) — Hiy(t) =
M,e;(t) — H;D;d(t) (24)

I (23) A1 (24) AT, Bk 22 () AT OB RDIR
A&, HAOG BB my, (¢) 8O, 1 HoAd i b At X
FFABUE. [FIN, 22 E;Dy = 0 M H; Dy = 0 Itf,
S A LA ZE R BT 58 42 s, H. D(t) "o
BEHLTHE.

SR, A SC B ST At A 5 72 A 52 30 e A i s
Ry sE R, T 5 FAD S B RS G &, JF HLARARIT4A
A RESE MR ZE 1 A R Uk, WA LA Bk
SEIL TR R R S, AL, AN SR X B il
B, T HLOT 22 s (G 00 5 R B AT AR B R R

HH S, SO R A IRy VR I B HE T
S LB 7 R R (R RO, ) BT S BB 7 By A\
TP AR A, 76 ST B AT 4 e S D 5 6 9 11
BEfli b At n] 58 B AN PAAT A A I 5 R, T S
MR [14] HhAREvd L BRAR R BN P T 245 A 0 5 8
R Te) 8, L% RS I TP i) e i, it DAAS SRV
SCHK [14] s B — e .

3 (hEXRESSH

HIEAS (3) I (4) 1
1 1 1 1 011
A=10 -1 2|,B=|01 1 0},
2 0 —4 010 1
[0 1 0
C=10 0 1
1 0 2

WA, RGEH 4 M AIEIE, Rank(B) =3, Bt
PLZ RS AW RS, il p = 2, HInT
WFRECH, PRl LUER C(4,2) = 6 DMk ZE, 709
M Ti2, Tis, Tia, Tz, Toa, rsa. HHA 6 DA
W72 (A6 Y AR 2. 2R 1 S i e i i 5 6] Y Bk 22
R G AR,

1 R TE 0] R 2 RS K AR

Table 1  The decoupling relationship of fault channels
and the corresponding residuals

3 1 PALV 2 fil AL R 2%
Fy T23, T24, T34 T12, T13, T14
Iy T13, T14, T34 T12, T23, T24
F3 T12, T14, T24 T13, T23, T34
Fy T1i2, T13, T23 T14, T24, T34

Fy, F1 Fy 713, T14, T23, 724, T34 T12

Fy T F3 T12, T14, T23, T24, T34 T13

F, Al F, T12, T13, T23, T24, T34 T14

F>, fl Fs T12, T13, T14, T24, T34 T23

F, M Fy T12, T13, T14, 723, T34 T24

F3 T Fy T12, T13, T14, T23, T24 T34

W42 3.4 WAL ER, MRS ECRM I R
Fis = Fiy = Fiy = Fyy = Fyy = Fyy = —10;
B = 163639 0 —Lm44,EB=:@ 2 —4,
Eu=[-9 —20y
By = (46192 121254 ~T7.5062,
Bay = | 5774 12.1254 ——5.1966},
By = |~4.6192 ~14.435 51966 ;
Gi=[0 0 —0.7071 &ﬂwq,
G = |0 101}
%=b11(ﬂ@ﬁpmmoo1mﬁ,

Gos = (05774 0 1.1548 0},

Gy = [—0.5774 1.1548 0 0];
My =1, M3 =1,My =1,
M23 = —17 M24 - 052227

A@4:4052HJﬂ2=[—QﬂW1 0.7071 @,
H13 = _O 1 01| ;H14 = |:1 0 0:| )
Hays = |0.5774 05774 —{L5774},

Hyy = _0.3015 —0.9045 0.3015},

Hy = [—0.3015 —0.9045 cx3015}.
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%Emﬂﬂﬁt (21) ﬂ] (22) *?ﬁﬁf%fﬁ T12, T13, T14,
T23, T24, T34-

Shy SE B E A 2 R R0 I 38 e A A H AR, R
EEUH 205 22 B € = 4:0.05, 24747 5k 2 (R L i (i
IS U RT3 B 2R e AT b e A, e e B 2 A ) 45
TN SE Z 8 PAT S A2 15 Al R A, s B
ZJE IR IHATRE B, IR RS E BT, XT3
BR (14] S, FATE R 7 2R LUSEEL A AT
i (1 R S DU 5 R B, AELNS T 22 AN BIAT 2% R (R
DUARAF g vk, 7 FLas R 1 A& 2 froi, 730 w]
HY AR ZE AR N — PR 100, Jerh e 2 oy
Hlrg HHIZEHE S

0.1
01
i 0.1
Hy
-02
[
—
Cos B
—— 3
3 I'_‘
1
04y 50 100
t/s
1 2 SHPATH R AR
Fig.1 No.2 actuator has a fault
0.2
01r *
% ........................................... B
4 0
—_—r
-0.1H. A Ty
—— Iy
"y
-0.2 L
0 50 100

t/s
2 4 SPATER AT
Fig.2 No.4 actuator has a fault

FEARTL ST, HRBANTHEE RS 1 5
TP ERAE 50 I ZIAT M5 A, (AR IR R AR 8 10 B
e R A TR, Wk 3 Fr, St R e e
HEMT R RARG IR, A6 ik 2= W
MBI, RIGHE 2 M3 SHATARAE 50
IS 20 [R) I AR s, Pl 4 s, (RSO S 18] 3 BoR
AL, AT5ANBE b B ZE A AR e ) 2

B2iME

t/s
B3 1 T R A MR SR 2 0 T A

Fig.3 No.1 actuator has a fault and residuals are not

decoupled from disturbances

VS RrlicH

—0.5H

-1.0

0

t/s
4 2. 3 SPAT IR A MO A STIIR S0 TR

Fig.4 No.2 and No. 3 actuators have faults and residuals

are not decoupled from disturbances

DLUR JUAI S T A0 S B T Ak 2 060 5 DU 0 (1) .
5 ) FRATTRT DL BT AR ZE A U 240 T
0 "I, RGEEA MR A, R NMHAT 8 A RE 5
AT, EE 6, 1 SHATHAE 50's I 2 159 Wb
R, AR (AR 22 E AR A R I e B, B RS HR
REAE BE VG A IEH TAE, UG ol T, Jdi T
VERGERA W KA.

CINEE] S s & =3 T23, T24, T34 1E 50 s I %[
IR AEBARFIER 1 [R5k 22 15 W (1) 56 B Al D¢ & T
Al 1S HATAAE 50 s I ZIA 5 R ik = A8 R BIHE,
I B 8 ~ 10 TIRFRZEME 113, r14, T3a~T12, T4, T2a
M 19, 13, oz MAEH 2 51 3 S 4 SHAT
AAE 50s I 2 I8 R MR = A eSS Lk A Bk
725 AL RN
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Fig.5 No actuator has faults and residuals are decoupled

from disturbances
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T3
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50 100
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Fig.6 No.1 actuator has a weak fault and residuals are

decoupled from disturbances
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Fig.7 No. 1 actuator has a fault and residuals are

decoupled from disturbances
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Fig.8 No. 2 actuator has a fault and residuals are

decoupled from disturbances
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Fig.9 No. 3 actuator has a fault and residuals are

decoupled from disturbances
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Fig.10 No.4 actuator has a fault and residuals are

decoupled from disturbances
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Fig.15 No.1 and No. 3 actuators have faults at different

time and residuals are decoupled from disturbances
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Fig.16 No.2 and No. 4 actuators have faults at different

time and residuals are decoupled from disturbances
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