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Abstract

The robust fault-tolerant H_ control problem of uncertain linear system is studied in
this paper. The solution of this problem is obtained for a H_ output-feedback controller

by a linear matrix inequality(LMI) approach. The simulation of a satellite attitude control
system with actuator and sensor faults validates that this solution is effective.
Keywords : robust fault-tolerant H_ control, output-feedback controller, linear matrix

inequality
5 fRiTm PR R B L ROT LPR
— ~ I =
i B - BE AT T o
M KA F A RA AR g e g B % Hih F 4 7 4 (Fault Tolerant

B AP R RERRE DT Control, FTC)E_# % ¥ A > 247 & £ chc
T2 > e 247 % 4 (analytical BETHENFEA FRBA KD ok AR
redundancy)F £ ] * k kL2 B ahp AR % (actuator) ~ f B B (sensor) & & it F 4 kR
e i+ e 3% M (redundancies) » § Jk dueb o PR AR RIS ¥ mRE
FEAE L RN F AL KK F ORI g sj‘ﬁaﬁéut“ Baw ] kG
B B rdE A kR kBTl & FEHIEH ks o ZEITHIL G # F e g
e > 1y ﬁ%* R o R F RN A el d g enf®® [1] 7847 2 - &
WA TR AR ETE B FOOL A A k% TR B F 4 4r 4] (passive

103



s EE RS $ L3

¥-¥ (A®- O0#)

FTC)—fr g #1(active FTC) -
rm?zﬁﬁJﬁum

%ﬁmﬁ%@]’%* (RS
#F%%WP“*#?%WQQW’
Bl 1993 ERE A MR F A
UM’EW%%QH@4 el
£

Fien

)2)
R

e

=t

aa?xwﬁs
wﬁwmw

s

ik s Btk P &2 2 ¥ (Fault

Detection and Diagnosis, FDD)E_7% 45 #7# e
TELFHFL - o FDD Hjireng B e & <

AT F LN TR > HIEGHE BT L%

~ iﬁiﬁgi“%@:#’“%"mmé%o PR
4 E gL ) BOFDD S 6 i e SR
BAT L) R R R R i
WAL D3RG AR 1971[5] 0 % - K FDD
v *?ﬂﬁéi%]@mW:;g
-~ FDD = & chjis¥ i7[7] > &3 6 HE
B it 8 FIF[R-14] -

FHLAIERELI SR 20 £ 2% f
g 0 FP i E - PATERR B . il

FHAE B - BhE RS KR
FARA AR E B E ECT0 E R AT R
”F?i%?%%ﬂﬁ%F’Jﬁ%%wg
FTRREEN ORME - 21 A5 BE
R#Ff‘ff P £ lﬁ-%fﬁ}”]‘fy‘%m«‘ =R
e - PRBEH T H fﬁ*mm
Fodl > FRR R DR R
ﬂf%iJ%“ﬁ%%omﬂﬁﬂg%~¢
BT v k] s B E S K% -

PR R AR R

P

At

o

U g

ELF&HF 2T A (RS FHE
Q)L & Fadrd c BB FHELF - RT

R () AR R~ (i) % A B e ) = 48
DBl T AR RIR Y S B Bt
PR L Siljak bt i H (3]
R P AN By 4 R 3R 0 4%
@ﬁ+ﬁ%$ﬁ?ﬁ%ﬁ%£%’
R &g ZA A 5% v T
(strongly stabilizable) T ¢ $F 7 AR f§ T e
sl % TR 3;[15] o R o F AT H IR s
5 ¥ AR "+lif‘$’ﬁ?ggﬁ‘§‘“lﬂ‘7

o

104

Tié‘f”fé!ié v %

%‘)Th
@;‘hx’?ﬁre‘
a7

o

=

3

HfE o
e
TR AT
& R A T

e ig-

T RN A RFE S 2 0 TR LR
Teh s R AR RG o BRPFL R AR
GBI ad G B(F LA B

[17] - &2 @3> 22 Fend > 4@ > & BA
@g%ggtﬁ@gﬁﬁﬂgp,*w%ﬁ
Lo g B EREPIE v REFDE TR
R[17] o & TR AN AR
AR e REM IR RN TR EES
#](integral control) > v — # F_ it H F & 4]
L EF N AR AR I A R Y g
B BE o AF S Al ks BB AR
VI 4 Ao ERE RN LS TP R s E Jé";];’fi{
MIMO &4 2L pF 5 % 52[18-20] #7237 7 B >
Kb BER B O FENL - RN KiE
Bl R - B HE g R

-

TR

[19]c 8@ » 3% 2 4 % & WFEBRKET
P IR LR EAFE T e A o MR R

BB E: FBEZERF 2 LN YR
B BUTE S b e B R R e R fE S 2
[20] - BAEEEAT AR R
thehe o ﬁ,fm‘raﬁﬁvﬁ T o 3T 1
B h P RIEEEA R AT LR BN o T
b LF gl 2T R

Bl i o 2% E - B4

Betniged 2 3 R AR

4

%27 =

E
%,
<

HRE B TR
Pm{ Ti% ,a‘

L =

L pESE

Eabh FaHE*HgEfR 7 EfRd
PF R RN ARR AR 2L
Foors ﬁaﬁﬁ#émﬁw%<%oﬁﬁ
AHFEI R AR B TR T
LFABLIRER o - FAREHRE L
E"Cfflfli’ V| l?f’klﬁl#f%%y\ E*}% X



A Pl R E R Y AR B REE G B0
Tl i S Ao o HAREHE o BV HE R - B RGO BRSPS N DREZF KR
PR AR - TR e 27 WL R BRELER VUL ST
| %1 TRFH R H DR § A ﬁo—,-.)ﬁ%f;: TE R DIl AR B B o %2
BAR o s B 2T A iy T B BenE AT R i i
PR RT AT ROAAEH G B 1&51 - BAEE R dR RE
TOEE K e Al A T w5 8 e e BN - BRI ST F i
B1[21-24],1982 # % % 2 IEEE AC[24], #[28] & # B~ &l > %3 * %P
iﬁiW%F%%*?%iﬁﬁﬁﬁii ik B0 A0 e bite ) F Ao
- AP R EBRETEERE AR A SRR A AHY > T Y
m%ﬁ&%%%&%°avﬁﬂ?%7% (Lyapunov) = % 3 3= 7 #-3 %4 F & £ 4

%

4

1=

D& T w2 T AR AT R A i
’isﬁ#%'%wﬁﬁw E oo )T Ak
Aoz v R # ) bR RARMS - xR

e R he S TRl
?#le

p)

\,
N
o

=

-

B

»¥

=

b F_k

[ N
2

@ P
=

—n
¢
o

& |-

WM

B e
2

B
ETE Y

WO
=&

Bow %oy
R
3T
oo 3 !
S
Yk
&

H\
I

Wy

'-11
=)
)
N
2
>

i\4
EX]
A
sy
>
v
4

~

o
)
ke

Bt g o i d

PR
ﬁkizﬁ!*“"ﬂﬂ’?* e
- %9 > %% FDD
K Zi'l“ifii‘]ﬁ?”‘ E R o N
3 o X iFiT 30 & % B » FDD
P e Bi\%\ BTN i A A
[S-11],2 & F & 454~ R7 A4 = = % 3:()
£ 0 R mww*ﬁéﬁ&f fe (i)
HAEE Ei‘”’# ()AL ATH R A
< Ed ‘rﬁﬁﬁ‘i’? 42 &k e
BAALBAHRGY
el T o g mblﬁm#"’# s F
C AR AR Y o AN A
FDD #i#718 F] 7 & Frengc i 3 5018 ﬁ;ﬂ "
PE - B kA E R WIIE AR
B[2526]87 %% » " F L FUk B TR £
BARKBE R D BTk o pE A 2
W EWEF S BABEPEARMP DT
#A1[4,25] - (x4l =L K& FDD ®
AR ERE O ARL e ERTHIE S @
A-BPpPaRXMILAFEY > % 0 MG D
FRRC[127] ¥ AR & B s o

EN]

|

-

c

e e
At

o

=
&
\\'a

-
40

g

R
1 fF R

Dol
m%ﬂ

W
=
>

Y
A e

12"

ﬁ \\?{r [{- \—

f—71:|

—

105

B FEAT A PR RPETRE
SRR - AT T AT R
T, e 2 B R R
d WA P RO S EREAFR R
MRt r gt S fee oud BT X
#% (Markov process) k 47 it > $% &1 7 — FA A
TR R B TR #[29] - 4
AALEA R AP IROT PR R
RER I ADEEF > far ¥ FFpm g

>3
B

A& 8V p @B e R E i
A B qubﬁ*&lfékmé/r’p%
Bl =g T - A8 E o PIDC b-

A A Y B » i
AR a4l i s Fadlai
ARIEE YA ST p o AL
B WAAIE AR T e 8P iR B F B
A o A 2 g AT FL 0 R
T A& FIFZE FDD HE &~ > §
%Jﬁmw’ﬁ—%ﬁﬁﬁ§%7%4%

B A8 e (i)

R
# r#%rgﬁ1 PR EFEAE RS
R oy K% A 8 9 eh R B
[30-32] > = g &y > AR F A A A R
AR E I N L3 R R R VR —ﬁéf

A HRE Y Rk RE R

[33] > * *% F-16 Mg en 3 &5 304 _t_lg_\;k
EHEL S48 P B2 S
ORCHE o RS R A 2
FoWRFY RS- BHERT

AR E Bl A A o gt AAY
W - B FDIRHAPE L » ¥ 11 L 5ER

& ek g R0l e e ] B R 5



Y A L

¥-¥ (A®- O0#)

A A
rgwﬁPﬁﬁﬁmm@ﬁ’ﬁﬁ?%ﬁﬂ
s AR RERE v PRk B L T
B2 Acg » P wdd Fafdle s BE
F PR R AT _%&{[32]: DA HFRE
PR AP EE RS F R R
£2)ﬁ ML G RS A
R amﬁdﬁﬁ FIL 0 5 RE R &Y
ﬂ&&¢%ﬁkh ® R LAR[1,34]0 2 & 5
R E ot VR i A
RN AR T R e 0 d
AL A 4T Ao R E R A HE
lmDﬁw,ﬂ&Aﬁ%ﬁﬁ%%ﬁﬁ#%J

T
3B e

Y o

la. ]

Boo g A fhpis o & ks ¥ E AR
AR A F A ke (2 R )
g’ﬁ“r—f"% s F ok A .ﬂ_ma}tﬁvé,\fh > ‘;}
£ it

ol AR R e

> ©

. PR b

koo #- FDD ﬁlﬁbﬁﬁﬁ;ﬁvﬁfhfﬁjﬁﬂf‘%g ”%%
m)—ﬁw%ﬁaﬁ%w&ﬁgﬁﬁﬁ%*
HIRY U & 4] 2 [35,36]
PR )T RS ﬁ@*wﬁm’f%%&‘
HERR S B FEB LR T AR
B FREEFIFAER }%@g% ek en
Whas 2) e 2 BP0 FIR K Sehia dp
LSS RO R HC
EEER R ERREE e T SR
Boo R B H[36] 0 b R
SE R B R0 - MR
E g p e Bl 2A¢4
i :’—ECF—?-B?? » W O EE G Biendg % [37] -

- AT R R B B ?%4’:#‘]"
o Ee B B R o
BR8] T - A EH ER
PR F AR B o B
T R g kA f’“"@‘“m%‘l
» iy %#[39]

R R L

B3k

e

At

=S

2,\& <k

T

Pmm}%?’ ‘3\'% ,’ ’ lm_’g

106

ﬁ@”$%°5%f%wa
g h%‘u}"x‘%
%iam%ﬁﬂﬂuﬁaﬁl
“ﬁ%*ﬁﬁﬁ%°ﬂ&’§%ﬁ
BAFRER L ROV APR RO - 0

FLIR A TR L € B
J;vué&;{%
—éﬁﬁo%ﬁ&ﬁ
ek s Foa F AP o
PR R 5 » )i FDI = j* eh
Lo wRREsRNTE- LFRF @
=7 - FPFA s TR PFUEARSE ?‘J’ﬁi#]f'—
*ﬁﬁﬂﬂﬁﬁ$?°ﬁﬁﬁﬁi?ﬁgé
4 il:#‘gg:'é‘mfgé r}FFg\\,wf Lok A A#
#’iﬁl%ﬂxb%};%*ﬁ B R B oy g
BEE[4] - 2)5 e e Rl & s A e oA
KR A R R ap R4 - T
SRR EET o kRN R T ALk
oo s iEddlan g R AR Tl B2
FE TG | he IR AT o Fl
FREF R A5 B R A
R RE o ATIU R o de SR iR PIE SR i
FlEFSR- R PGP AP ﬁ%xérﬂéw
T @ 2 A EAMAT EE DI dEaLR
T e o REABFHEENI- A
BRER S 2 pilEobtmEm e
e F N FERLAAAE R D w2
PR BRI H G AR FEAE
Kﬂ%ﬁéﬁﬁﬁﬁ’ﬂﬁ?uLi =g

n_\

&
1‘;‘“371
e

» T ﬁ
ljmé

>om v

-

™

P42 % [29,30] 0 4)a B F I Y h gk
ﬁ»ﬁ&ﬁb~%oa1@§%ﬁﬂﬂ’%
LRIl A#LAIEE G Rl b
RgREZEEZLG il of e &
Fafp L G R B2 B G adp 3
T @ B 6 FHEEP EMREEL T
REAFAE[] 7 L ERFFY S o0
vk,qmﬁnmumé%§%¢¢‘?’$%ﬁ

'*F'ii\“lg “-‘E’ §E$FF’»$E°
Dzbad ey S drd] o oA h & g gk



EE -~ FlY

S R E SRR Y

T ora)yMim k Rak L - Py W R
S ik b)ZEM M 5 sieh FDD R AL:Ri §
EAE N £ L
2)%%@7{& J x
RO SRR =

P DS R R

DNHF A PR S Rl AR R
o MRER BT EREE S BRHR
e SR gl ol AR TER & A
D FRFHESAIEE - HF G i
o f R R A AR s T
PP E BB R B g
o RS B ER R e

L
v

pus

«um

A o AP K
Pk AR

40

,A

\

4
%
2N

MR AL E AR AR S
FRE PR AP T R F A K S
;L'ﬂ.v'ii:{:i,]v}og}%sgﬁ%ﬁ

(redundancies)=n®s f& & SR P T8 3 45
AR S RFHRE FRDTRERRT - 0
Frenig L o SEFHIAL AT LM% 21
T RRF o FHESY AR ED R
AE AL o P oM AR S e B
IR R R A - o 1 T =
= ERXR I AE kAR TR O~ P
[MﬂoﬁﬁL.mmmﬁw4m@J “e - A
SO IREE A R AL AT iR
mAR R AT xrmff—%]“* v F R OF R Ch A A
# (redundancies) B>+ # § = 2 Rif 3t
iRl Eder LG LEERE > & 2
RS- fay 4 2 K[41] e T E ko
M3 R R A AR BRI E T 2%
% % [42,43] - izt éjl?e«’ PR A A e
A EHIERZ & K2R+ @ (Riccati)™ 42
BB RN a2 Y g
B3 IR R 2 7 -

L
‘ %’l_;

e

’L

I
s

m

)

Kﬁ&<é

YU

FofaA LEE ¥ ob o i B H & B o
RS R R AR R AR R R 2 B

(Fault Detection and Diagnosis, FDD).% % - 4*
HEL R A2 drappeds g
(Linear Matrix Inequality, LMI)3k 3+ 7 ﬁs?l a
BRHE WL HT KB RRI R

I IR Rk T

v

107

PEEA T g R RS oR  F ek

e 2 FDD e mE e it > @ 47 4 F 4§
FDD’J'%mmf_‘llfFl’ﬁxw- Z;! ’th{w
#1302 N icEE R e Tk

FHR RS ERETZS2HFLIL
Flk i B AR R E kT
L '?'H CoA AR EE BaEAIE R
FHAESEORAI Y 5

2
Ja

[“Q

j&—ép\%‘

22 %

'._ﬁ.ﬁ,aﬁglk
Wk F A fifﬁ_—éﬁ
§ 5 h 5%ﬁﬁq
S Y AR E R

“ B i

FoanRd BRERERER LR
B> 4]* 4 A FDD &% o b P53 5 FDD i
A2 A FE B:&'I“"’ R FER % E I |

#_—l(r"'? :
R IR

fe i
i

LRk

c% D,.¢ +D,2, (1+T A, )u, (1)

%H_A@+B@+Bg¢@+QAJm
J(1+TA)Cox, +2 (1+T,A,) D, .,

I 5 Apend =4t s xell”
%ﬁﬁaﬁﬁuﬁx v yel?
el i %‘u%ﬁﬁ%ﬂ
’§eD5f GRS, D AW
FM)%%ﬂﬁﬁﬁﬁﬁﬁ@@ﬁwﬁ%%

;‘ /J "L’;P—

E
2
%

oA, A R R T iR B S i ¥

MM<1F O oAS &5, A, A b R

IR 3 IR

( LI4T,A) T o®m H
(Z,(1+T,A,)C,, 4) 7 BLipl -

B h R > S

Fradh s BEA NG

X, =Ax, + Bw, + B,
2, =Cx, + Dyw, + Dyu,

(2)

Y =Cx, +Dyw,

#

B,=BX%~

2 u=a’

¢ : B=[BZII, 0 B,



PG PEREE %Y 5o (AF- O0#)
0
G =|ZI.C, |
CU
0 0 0 I
D,=| 0 0 =rD.| D,=| 0
Duuzara 0 DUQE Duuza
C,=%.C,, D,=[0 I D],
{ C xk+D§§k)
Au,
AﬁIéC%+Qéﬁ
E%ﬁ*%éﬁﬂWﬁﬁﬂﬁ’magﬁ
BEA T N7
xk+1_Axk+Byk
=Cx, +D.y,
B9 Rel LI BAgE A0 B C,
fo D, LR B R 5
d I ) B Q) e A R AR R (2)
ER KRN 1 =R S
{77/{44 = A, +B,w,
z, =Cyn, + Dy,
(4)
wo s |7 4 [ATBDC BC
)2_ cl BCCZ AC

_ Bl +BZDEC21
< BL’DZI

Dcl =D, + D12D¢»D21

} ’ Ccl = [Cl +D12DCC2 D12Cc] ’

108

ﬁﬁﬁ#@&$%4am%
Hrme sl nit
ERAFFERPFHEH D
fﬁwa%ﬁ ﬁ”%x@“
(3)’ i# @;?iz&é,hwm(4)§+a‘g,&F{ﬁ@&ﬂe;
FHOTRTL 2wl 2B JdhH, 2
, TP ”lez
Ty <y-©
[,
S R@EFERFLES S
3132 1[5] >0 4 BQB) # FFw

i= )

73

AR (A)EW D z e B S H 2§ B

Wy P Pk ksaEE 4 R R s
LEREEEFTAX=XEBEERAPELT S
;X

X X4, XB, 0

* X 0o C’

<0 (5)
* * _}/I Dcl
* % * _7/[

G)itP & e A ZARHERL B

}E o

#

RIL L H 4 Q) hm BRI TR H

o' F oy e X=Xel™
Y=Y"el™>»Lel™ » Mel” » Nel?
Kell™ » @ @mpaedr 550

(Y I AY+BM A+B,NC, B+B,ND, 0

* X K AX+LC, XB+LD, 0 (6)
*ox Y I 0 (GY+D,M)

ok * X 0 (G +D,NG,)" <
¥k * * il (D11+D12ND21)T

* % * * * -l

ol BB EAFRUV =1-XY B %

i

F_k



FE  Fllegh PR E KRR Y A B R F S
A 5. Y'XAY Y'XB AV 45
C, D, o . Y1=|0 X4 XB,
YCCI Dcl
cY C D,
_{U XBZ}[K—XAY L}{VT o} o
B 0
0 I M N|cy 1 2 Ire 2717 o o
+| I (11)
Al B (3) @ 7Rk AL(4)briEiT 0 M N|O C, D,

e KwizahEH Jh H 2 §= )

7/ o
WP AN ] P LWLt X hb
MEM L X=X"> VY=Y"&&
X U . Y Vv
X=l_ . J X =
u’ p Ve o
lr v
Rz
HHEXX'=1 7 @#F
Xy+urt =1
) . (8)
Y'U+VP" =0
47 #
YU +VP"

X

T
vy | XU
U

oo

. Y 17 [r 1
Y XY = , =
XY+uv: X I X
LHAG)EFY =Y BT
Y'XY Y'XAY Y'XB, O
T T T
«  Y'XY 0 Y| o
* * * _7/[
EINEE L Al SRR 58 A eh B
—Tl. ’if \(9)1&‘.]"}@3 |2 E'JF};B‘&)"_E,/f J‘L%’E“i_ﬁfi’ P ix
B8 IS A

109

#

K L] [U XB[4 B,
M N| |0 I |[C D

Jor 1

XAY 0
12
{0 0} (12)
#-(12) &~ (1) 8 £ #(9) > (1) & »
(10) » ¥ #54(6) > o (12)“r’ B(T) - & &

® ot FRRELN R 72 (Bounded Real
lemma) > 3132 ] Fpt o d fizmpmerd
FEN(6)F P ek KA B Q) g d L (7)
S AN O/ P S - e s e = SR

R EFSEN AFEE S Ok
#
bz RS £ Bindl h s e
B - e Zfhendid A2 = phig 4
BIELRERIE > d B4 F 2 fpd 2 op i)
[44,45]

U +7:11 :Jllé_a)()(‘]ll _Jzz +J?3)l/'/+4a)§ (Jzz _J33)¢
u,+T, :J229+3a)§(.]“ _J33)0 ,
u,+T); :J331/7+a)0(.]“ -Jy +J33)¢+aﬁ(‘]zz _Jn)l//

(13)

B U, (i=1,2,3) 5 dciEk = B2 A
HERE 900 v yAhruLFELES P
s ELd o T, fou, = %] & = ghen 34 e
fripdl4 B o, 2 P L2 R §0 0 fry
TR AMEER oL g=[p 6 y]
BN (13)8 2 aEras s L

A G+ AG+ A =F,d+Fu (14)
H o



P PSS REE FLE F5-9 (AF/-00#)

0.3rad/sec. » P thdp w4 & 5 0.1deg. ,

4, =, 3(Jy s ,
o (-2) D

(Jzz_']n)
0 0 -1 y
A=awy)(J,—Jp+J3)|0 0 0 |
z

10 0
W1 (k@ k> e

Ji 4 )f 3
4=|0 J, | F=F=I A T LY
"]33
B TEATNQ)Y o ERRE “ﬂ_*iﬁ‘z}
ST EEET RS TR !
T - T T 7 i
xz[q q ] . 77=[q 9 4 i G
SRS RS S iﬁl ol £ 5 X 2
AR LR RIFHNRIE LR APHE Bl (b)iEhiFh a4 Bd sFEE T x—y
Ik a0 TRl ez B ISR
0 I 0 2 LT
A={ i 2 } ’ B§=|: - } ’ AR A d
_AzAn _Az A] _Az Fd
.2
0 44, 44 Y
) C — ’ b
u |: A2—1E z 0 1 J
I 0
X
-1 7 -1 =y
Az Fd AZE: ,
Dz§: 0 ’ Dzu: 0 ’ Cy:Dyé::I
v
0 | z
; b /J.__E :/ e A o ,;;;:\ _
I FEREFHRILT LR Bl 1 () h ek 4 Bt d f B xy

Ty A LER
EEH AL w40 1(a)TT 0 R
4 g R x—y T e AL R
vﬁﬁ&_’% rﬁ"#ﬂ —z 3 B ;}i’E}'JG\;ﬂ = q}#ﬁ&&%’ﬁ-
d o L‘:L,J[,lfg%p}’f Hx—yT e [FEH +z 3 B30
‘E’ i NN T‘j’ ,E. ’ '&f’?] 1(b) (C)’;L’r:l_ ° f% * J“=5.5384kg—m2, /1=5deg
Matlab/Slmuhnk@%s_%ﬁt‘ #* FDD %% # 3] J,,=5.6001 kg-m?, 1=0.5m
22 N ’ .
T, DEBTD, =1, [ =1, X&EHHE J.~42382 kgm?, d=0.1m
FOHLA L pE] G =S0sec. 0 BB R 2 ~
pF %] 5 t=300sec. > Bl 2 77 5 ik £ A
BOFEE R 3 o s kFELEL S
B> =7 MiEk P EREH AR

21 #EZBREMELMESEE S
LRl = 3

i m@ E,’t"

110



&

g

~ Eleu ~ iR E

CARR R hER G i

i sy o
i s 3

&
8 o
T

2 wh Rt

{ SN S
j |

L L L L | I
El 2% % 3 % 3
Time fec)

‘37}

fl:'?ﬁ¢;i—- ’ 3@
it -

—_ N I

=4
2139

2

Vil

TE PR HEME BT % NSC
99-2221-E-344-002 fr ] 7% % ¢ w eht §

=z i B 2 4] % NSPO-S-099135 > RBf >+ 1

RREIFH B2 F ey o, ¥

IIIETIJ = = _g; —E\F i ’ﬁ

SRR SRS

1. Patton R. J., “Robustness in fault tolerant
control,”  Processing of International

Conference on Fault Diagnosis, Toulouse,
France, 1993, pp.1081-1117.

111

2. Niederlinski A.,
the design of interacting multi-variable
vol.7, pp.691-701,

“A heuristic approach to
system,” Automatica,
1971.

Saljak D. D.,
multiple

“Reliable control using

”»

control system, International

Journal of Control, vol.31, pp.303-329,
1980.
. Patton R.J., “Fault-tolerant control:

1997 situation,”

the
Processing of IFAC/IMACs

symposium on Fault Detection and Safety
for Technical Process. Hull, England,
pp-1033-1055, 1997.
. Beard R V., “Failure accommodation in
linear system through self- reorganization,”
Man Vehicle Laboratory, MIT, Cambridge,
MA Rep. MTV-71-1, 1971.

Willskyi Alan S.,
Methods for Failure Detection in Dynamic
Systems,” Automatica, Vol. 12, pp. 601-611,
1976.

7. Himmelblau D M. “Failure Detection and

Diagnosis in Chemical and Petrochemical

“A Survey of Design

Process,” A Amsterdam : Elsevier Press.

1978.
8. Gertler, J.J., of model-based

failure detection and isolation in complex

“Survey

plants,” IEEE Control Systems Magazine ,
vol.8, No.6, pp.3-11, 1988.
9. Isenmann R., “Process fault detection based

on modeling and estimation method m a

survey,” Automatica, vol.20, No.4,
pp.387-404, 1984.
10. Frank P M., “Fault diagnosis in dynamic

system using analytical and knowledge-

based redundancy-A survey and some new

results,”  Automatica, vol.26, No.3,
pp.459-474, 1990.
11. Isermann, R., “ Fault diagnosis of

machines via parameter estimation and

knowledge processing,” Automatica, Vol.



g FEE I IR

$L %

¥-¥ (A®- O0#)

12.

13.

14

15.

16.

17.

18.

19.

20.

21.

29, No. 4, pp. 815-835, 1993.

Basseville M., “Detection of Abrupt

Changes in Signals and Dynamical

Systems,” Springer, Berlin, 1986.

Paul M. Frank, “Fault
for Dynamic  Systems,”

London Berlin, 2000.

Xue Jun Zhang,

fault

Ron Patton,
Diagnosis
Springer,
“Auxiliary signal design
in detection and diagnosis,”
Springer,1989.

Vidyasagar M, and N Viswanadham,
“Reliable
Multi-controller Configuration,”
Automatica, vol.21, pp. 599-602, 1985.

Gundes A N., “Controller design for
reliable stabilization,” Processing  of
12th IFAC World Congress, vol.4, pp.1-4,

1993.

Stabilization Using a

N. Sebe and T. Kitamori, “Reliable
stabilization based on a
multi-compensator configuration,”

Processing 12th IFAC World Congr., vol.
4, Sydney, Australia, 1993, pp.5-8.
Morari, M., "Robust Stability of Systems
with Integral Control," IEEE Transactions
on Automatic Control, vol. AC-30. No. 6,
pp.-574-588, 1985.

Nwokah 0 D I, Yau C H, and PerezR A.,

“Robust  integral  stabilization  and
regulation of uncertain multivariable
systems,” Processing of 12th IFAC

World Congress, vol.4 , pp.13-17, 1993.
Ye Y Z., Pole
Assignment System
Using a Fixed State Feedback,” Control
Theory and Applications, vol.10, no. 2,
pp.212-218, 1993.
A.W. Olbrot, “Robust stabilization of
uncertain system by periodic feedback,”
of

“Fault-Tolerant

for Multivariable

International Journal
vol.45, pp.747-758, 1987.

Control,

22.

23.

24.

25.

26.

27.

28.

29.

30

112

Saeks, R. and Murray, J., “Fractional
representation, algebraic geometry, and
the simultaneous stabilization problem,”
IEEE Transactions on Automatic Control,
vol.27, no. 4, pp. 895- 903, 1982.

P.P, AM.
Ravi, R., “Strong, simultaneous,
of

time-varying

Khargonekar, Pascoal,
and
stabilization

and reliable

finite-dimensional linear

plants,” IEEE Transactions on Automatic

Control, vol.33, no. 12, pp. 1158-1161,
1988.

Kabamba, P.T. and Yang, C.,
“Simultaneous controller design for linear
time-invariant systems,” IEEE
Transactions on Automatic Control,

vol.36, no. 1, pp. 106-111, 1991.

McLean D., “Application of Precomputed
Control laws in. Reconfigurable Aircraft
Plight Control Systems,” AlAA Journal of
Guidance, Navigation
vol.12, pp. 325-333, 1989.
Rugh, W.J., “Analytical framework for

and  Control,

gain scheduling,” IEEE Control System,
vol.11, no. 1, pp. 79-84, 1991.

Huber, R. R. and McCulloch, B.,
“Self-Repairing Flight Control System,”
SAE Technical Paper Series, 841552,
Processing of Aerospace Congress
Exposition.

R. Srichander and B. K. Walker,
"Stochastic ~ Stability = Analysis  for

Continuous-Time Fault Tolerant Control
Systems," International Journal of Control,
vol.57, no. 3, pp.433-452, 1993.

K . and A.M. Agogino,
“Real-Time Expert Systems for Fault
Tolerant Supervisory Control,” Journal of

Ramamurthi,

dynamic systems, and
control, vol. 115, no,2, pp. 219-227 ,1993.

measurement,

. Napolitano, Marcello R and Swaim, Robert



31.

32.

33.

34.

35.

36

37.

i

%

Fliedh ~ ¥rig 2 -t R B

#14l

=

LR 5

L, “A new technique for aircraft flight
control reconfiguration,” AIAA Guidance,
Navigation and Control
Boston, MA, Technical Papers. Part 1;
14-16 Aug. 1989. pp. 1-9. 1989.

Chien, Y. H. and R. F. Stengel,

“Restructurable Control

Conference,

Using
Model
Navigation and
13 , No. 2.

Proportional-Integral ~ Implicit

Following,” Guidance,
Control Conference, Vol.
(1990), pp. 303-309.
Morse, W D and Ossman, K A, “Model
following reconfigurable flight control
system for the AFTI/F-16,” Journal of
Guidance, Control, and Dynamics. vol. 13,
no. 6, pp. 969-976. 1990.

Kwong, W.A., “Expert supervision of
fuzzy learning systems for fault tolerant
aircraft control,” Proceedings of the IEEE,
vol.83, no.3, pp.466-483, 1995.

Patton R J. and Chen J., “Robust fault
detection isolation in

and systems,”

Control and Dynamic Systems (Leondes C

ed.). Mita Press, vol.74, pp.171-224,
1996.
Zhou, D.H. Frank, P.M., “Fault

diagnostics and fault tolerant control,”
IEEE Transactions
Electronic Systems, vol.34, no.2 ,pp.420 -
427,1998.

on Aerospace and

. Zhou, D.H., Su, Y.X,, Xi, Y.G., and
Zhang, Z.J., “Extension of Friedland's
separate-bias estimation to randomly
time-varying bias of nonlinear
systems,"[EEE Transactions on Automatic
Control, vol.38, no.8 ,pp.1270 -
1273,1993.

Zhengfang Chen and Chang, T,

“Modeling and fault-tolerant control of
large urban traffic networks,” Proceedings

of American Control = Conference,

113

38.

39.

40.

vol.4, ,pp.2469 - 2472,1997.

Huzmezan M., and Maciejowski J. M.,
flight
actuator failure using predictive control,”
Processing 12th IFAC World Congr.,
pp.301-306, 1999.

Noriega, J.R., and Hong Wang, “A direct

“Reconfigurable control during

adaptive neural-network control for
and its

unknown nonlinear systems

application,” IEEE Transactions on Neural
Networks, vol.9, no.1 , pp.27 - 34,1998.

Kyucheo E.,
“Point stabilization of mobile robots via

Hakyoung C. and Jang G. L.,

state-space exact feedback linearization,”
Robotics
Manufacturing, vol.16, no.5, pp.353-363,
2000.

and Computer Integrated

41.Theocharis K. B., Thomas G. H.,,
“High—performance induction motor
speed control wusing exact feedback
linearization with state and State
derivative feedback,” IEEE Trans On
Power Electronics, vol. 19, no.4,

42.

43.

44,

45.

pp.1022-1028, 2004.

Wang Jiang, Li Tao, Zeng Qiming, et al,
“The research of state variable feedback
linearization method on the CCM boost
converter and nonlinear control law,”
Processing of the CSEE, vol.25, no.2,
pp.87-92, 2005.

Fang Y. W., and Han C., “SISO nonlinear
control :
Control Theory &

Applications, vol.17, no.4, pp.561-564,
2000.

Han Chongzhao, and Cao J. F., “Study on
stability of nonlinear control system based

system H, an approach of

volterra series,”

on generalized frequency response

function,” Control Theory & Applications,
vol.13, no.5, pp.573-582, 1996.
Shou H. N. and Lin C. T., “Micro-Satellite



P PSS REE F1E F5-9 (AR/-00#)

46.

Attitude Determination: Using Kalman
Filtering of  Magnetometer Data
Approach,” IEEE Processing of
International Symposium on Computer,
Communication, Control and Automation,
pp.169-171, 2010.

Zames G., “Feedback and Optimal
Sensitivity Model Reference
Transfomation Multiplicative Seminoms
and  Approximate Inverses,” [EEE
Transactions on Automatic Control,
vol.26, no.2, pp.301-320, 1981.

114




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


