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On Designing Robust H,, Fault Detection

Filter for Linear Discrete Time-varying

Systems with Multiple Packet Dropouts

LI Yue-Yang!  ZHONG Mai-Ying?

Abstract This paper deals with the problem of designing ro-
bust Ho fault detection filter (FDF) for linear discrete time-
varying systems with multiple measurement packet dropouts.
By using an observer-based robust H..-FDF as a residual gen-
erator, the design of FDF is formulated in the framework of H.,
filtering for a class of stochastic time-varying systems. A suf-
ficient and necessary condition for the existence of the FDF is
derived in terms of a Riccati equation. The determination of
the parameter matrices of the filter is converted into a quadratic
optimization problem, and the explicit solutions of the parame-
ter matrices are obtained by solving the Riccati equation. Nu-
merical examples are given to illustrate the effectiveness of the
proposed method.

Key words Fault detection filter (FDF), linear discrete time-
varying systems, multiple packet dropouts, Riccati equation
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(A, A& i 75 vp B e A0 5 RIS 2 2 R S s R L (1)
ERHE, WS ERIRSE . BiE LEA S PMRSE. st
R RGBT RG] SRS BRI A Wi
151, B GEI B 1 A T (R B AR I i) R H T O 2R

Bk [5—6] 23 AEST T BEHLEE B 5 A% LN B A Polytopic
AEPEN LTI RE0R T-S 100 2 85 (1 MO A6 i 80, SCk
(7] #FXF LTI FRGEI 2 20 ME 3 AN 5 I ) e B AS 0 1) e 4
W7 SR, SCHR [8] BRI T R E B A BE AL R 04 1 25 2R 1
LTI RS s i 48, SCiik (9] W —ZERH BRI 5
W (147 D) 2% 42 ) 28 0 B2 6T 100 % 4k 2 -9 Markov BEER &
2 [0S R 00 1) R0 AR o, SCR [10]) B2t T B 20 HE
3% R LTI R4 FDF, SCHk [11—12] 235 R) SR 25 5]
TTVEFMLIN 3 T s e T — K5 0. % 2k B Markov Bk
FREPE I LTT ZR 00 b I il . (R, b Sk i) 45 R A
T B FEAZE L (Linear matrix inequality, LMI)
IR 1) Hoo-FDF AF{EMI 7000 554k, AR A RE BN T
e (Linear time-varying, LTV) R%t.
F— 7, AR LTV 28 S ) il it 9 1] 26
S FNEAW. B, SCk [13] WF9C T IR S FDE (8 vt i i,
SCik [14] £ 5T 2Pk B 4L (Linear discrete time-varying,
LDTV) RS | &4 Hoo-FDF, ik [15] B H &M%
[ J7IF9E T 2% Markov BIK 2 40 (1 46 0 1) 458, Sk
(16] £t XL PEIE S L REL N T Hoo/H-+ Hoo/Ha VL)
Hoo/Hoo ToAR R — M, SCHR [17) A+ FE NI #1521
LTV R4l FDF. 4Rl LIk SCHR 38 ok 2% 18 & 504 40 % 2k
R, DRI I L R R AR LR LTV 28 58 14 i b 4 )
il B AERE R
A ST AL 2 8 BEHLIN 5 0 & 2R 0L T LDTV
R4 FDF Bevh ), RAFE T WK E# Ho-FDF fE
hkZEFE SR, K FDF B3 vk 10 U0 — SR ALIN AR R
SRl Hoo WEIL ML A SCHIEIHT ST, 5T Riccati J7 FEHE
FIAUFW] T Hoo-FDF 71617055 2 B4 2, 380 3 3K figt it
Riccati 77 %, 42| FDF S0 MEm WU, S50 1 &
PRINESEVEES
1 [e)REfEA
FIEWT LDTV R4
{ z(k+1) = A(k)z(k) + By (k)f(k) + Ba(k)d(k)
y(k) = C(k)z(k) + Ds(k)f(k) + Da(k)d(k)
L, z(k) € R, y(k) € RY, d(k) € R?, f(k) € R"
3 RGUIRAS . RGN S b AR S N R £ S
f(k) € 1[0, N, d(k) € 1[0, N], B Y1 f7 (k) f (k) < o0,
S dT (k)d(k) < oo, N REAIH KL A(k), By(k), Ba(k),
C(k), Dy(k) Fl Dq(k) Ai& HAERR) SIS ARRR . AR —
Mtk v C(k) ATIRR. 7 R GE A0 I i i A @ & 2k,
MR BIFMESS S (k) e R 4
Y(k) = 0(k)y(k) + (1 — 0(k))p(k — 1) (2)
Horr, 0(k) A7 IR 2340 (1) Bernoulli BEHLAL &, A

Prob{0(k) =1} = E{6(k)} = p
Prob{0(k) =0} =1—-E{6(k)} =1—0p

(1)
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p € (0,1] J—E50HE, Prob{-} /RN SEMAE, E{} A
e LN

% a(k) = 0(k) — p, 1l (3) 40, a(k) B FSEiHEE

fiE
{ E{agk)}:_o - @
E{a®(k)} =p—p" =¢
SIAIET I E(R) = [T (k) 9T (k= D], Wdist (1) 1 (2)
E(k+ 1) = (A1(k) + a(k)Aa(k))E(K) + (Brr(k) +
a(k)Bysa(k))f (k) + (Bai(k) + (k) Baa (k))d(k)
Y(k) = (Ci(k) + a(k)Ca(k)E(K) + (Dgi(k) +
a(k)Dga (k) f(k) 4+ (Dar (k) + a(k) Daa(k))d(k)
(5)
Hor
) = A(k) 0 }
pClk) (1-p)I,
_ [ B _ [ Batk)
Bn® =1 p,m) } Ba® =1 p,w) }
Gik) = | O (1=, |

2
—
Sy
=
Il
—
Q
—
Dy
N
|
_?
[

Dya(k) = Dy(k),

WAEFA R FDI RGN EEAESZ —, AH W
T A1) FDF AR 5% 27 A 4%

{ E(k+1) = Ai(k)E(K) + L(k)($(k) — Ca(k)é(k)) ()

rk) = VR)@K) — Ca(R)ER))
Hd r(k) € R” Wk zE, WIS HE 3 5005 L(k) RO FE
V(k) RSB
4
e(k) = £(k) — (k). n(k) = [€"(k) € (k)"
re(k) = (k) — (), w(k) = [f*(k) d"(k)]"

Sk
agy = | M0 0 ]
0 Ai(k) — L(k)C1(k)
(k) = Aa(k) 0 }
Aa(k) — L(k)Culk) 0
By(K) = [ B(k) - Ba(k)
Bii(k) Bi2(k)
Byo(k) = [ Bya(k) Bda(m}
Bai(k) Ba2(k)
Colk) = [0 Vi) |
Cralk) = [ V(k)Ca(k) 0 ]
Dyk) = [ Vl)Ds(k) 1 V(K)Dar(k) |
Dya(k) = [ V()Dsa(k) V(K)Daalk) |
Bu(k) = Bgi(k) — L(k) D1 (k)
Bis(k) = Bai(k) — L(k)Day (k)
Bax(k) = Bya(k) = L(k)Dsa(k)
Baa(k) = Baa(k) — L(k)Daa (k)

HERBIRS (7) 2ATHIEE o(k) MNERS, A
Mr&S (7) MTERE, *5L TR E .

EX 108, M wk) = 0 I, HHEAEWE ¢ > 0 A

€ (0,1), MAXTE BV n(0), H E{|n(k)|?*} <

cq®|In(0)||? BT, WFR RS (7) AT fascke, d | - |
411 &= 1) Euclidean 5%,

AWM FEH 2R s (6) (1 FDF, i R4
(7) ore ke Bk 2 52 2R, ARk,
N (e (k)26 FanEk 28 L 2 22 10 KN, FRBEHLEE S
T Hoo-FDF Wi M A4 5@ bnie v > 0, Wit S35
ke L(k). V(k), fER S (7) Brfase e, Blen Tk
AefEbr

||"'e(k)||§ E 2
sup - <y 8
lw(k)l220 M7 (0)S0(0) + [lw(k)]l3 ®

Jerp, S > 0 AR AR B,

lw (k)3 = ZwT(k)w(k)
N

Ire()3s = B{ 3 rT (kyre(k) }

k=0

% 1. Bernoulli i ALAR 24 10 A58 0 E R
R R Gy AW I— 2R (2) MEAZ P&
WA ERNEL, UELE (1) BSEIEEE A5, ik
FDF ¥ v 17 8 B ok SCik [10] BTt i i s 6 0% Sk
[5—17] &5 H I B2l I i B b 0 5 R I S 0. AR S 3 o R
B2 A MEHFEAEREN T LDTV K41 FDF # it
TR LA ) Y B AR O B R A E R ) LDTV
RGP,
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2 H,-FDF igit E{AV} = E{AV}—E{r! (k)rc(k)} + E{r. (k)r.(k)} —

2.1 Hy MEEESHT E{v’w" (k)w(k)}+E{y’w" (k)w(k)} =
AANTIM RS (7) BT TRERE R He TERE, 13 0" (k) (k)n(k) +w (k)21 (k)n(k) +

F| Hoo-FDF {F(EI0F0 50 b B4, B 204 i R o 7.
3138 1. X RS (7), 24 ALCUAFA P() > 0, TR
AN HT
AT (R)P(k+1) A, (k) + €Ar o (k) P(k+1)Aya (k) — P(k)< 0
9)

R4 (1) WoTIREGRE.

IERR.  LFHR. O

FEFGI 1 SRR T IREOR R R 7 b A,
AE R .

T 1. SFTRE (1), 4E v > 0, ¥ n(0) =0, M AN
MAELEARRE P(k) > 0 FUESEL 8, 1515 F 51 5 FE 17

P(k) = Ay (k)P(k + 1) Ay (k) +Cy) (k)Cy (k) +
KT (k)0 (k) K (k) +eCho (k) Cralk) +

T (10)
€Ana(k)P(k+1)Ana (k) + BI
P(N + 1) = SN+1
I
K (k) = (A3 (k)P(k + 1)By (k) + €Ay, (k) P(k) Bya +

Cry (k) Dy (k) + €Cra (k) D (k)™
O(k) = 7’1 = By (k)P (k +1)By(k) — €Dyo (k) Dya (k) —
€Byo(k)P(k + 1)Bya (k) — Dy (k) Dy (k) > 0
ARG (7) BT E, HaR T Heo TERESRFR

l[re (k) 13,6 + E{n" (N +1)Sy1n(N +1)} <
llw (k)13
(11)

MERR. HCUEM R ME. XPRS (7) I Lyapunov
V(n(k), k) =n" (k)P(k)n(k), P(k)>0 (12)
W Fr HE (), = =t (4),
(7) 1 (12) 13
E{AV} = E{V(k + 1)|Fs} = V(k) =
n'(k )A3( )P (k + 1) Ay (k)n(k) +
( ) k)P(k + 1) By (k)w(k) +
P(k+ 1) Apa(k)n(k) +

[l (k) [I27#0

-,k 724E10 Borel-o 15, U1
n(
(

k

n" (k)P(k)n(k)

i (7) o re (k) FRIL, AW FESE R

E{y*w" (kjw(k)}+n" (k)2 (k)w(k) —
Efre (K)re(k)}—w" (k)(~Taz(k)w(k)  (13)

Hrp

1 (k)= A} (k) P(k+1) Ay (k) + eAp, (k) P(k+1) Apa (k) —
P(k) + Cy (k)Cy (k) + €Crio. (k) Cra (k)

ia(k)= AE(k 1)

Cy (k) Dy (k) + €Crio (k) Dya ()

oo (k)= Bg(k (k+1)By (k) + €Byo (k) P(k+1) By (k) —
Y?I + Dy (k) Dy (k) + €Dy, (k) Do ()

o1 (k) =115 (k)

Ha (138), AEFWIIH AT, X E{AV} WO %% N i
ZIRAN, BT A A4

)P
+
VP(k+1)By (k) + €A} o (k) P(k+1)Bya (k) +
)D
)P

B{S AV} = BOM OV POV -+ Do+ D} -
k=0
77 (0)P(0)(0) =
N
B { SR -u() ORI @R -u)} + (1)

=0
E{n" (k) R(P()n(k) } +

B3 " (Byw(h) — I (b))
k=0

O(k) = —sz( )
u(k) = 07 (k)21 (k)n (k)
R(P(k )) M1 (k) + 2 (k)OO (k)21 (k)

1) BEMENNT, 2 wk) =0, Mb5I 1 5, WEER
gt (1) WUrfa R E, 4 BACUAER P() R (9) T
AN (10) 19 P() A1 8 > 0, A (9) O, W
B & T4 A

2) Hoo YEBEOMT, 58 X

MIFEF ERER A, XX (14) BIa 4

iy = B i(w(k) — u(k)) O (k) (w(k) — p(k) } +
E{T]T(;V+1)(SN+1 — P(N + 1))n(N +1) }+
E{nT(k)R(P(k))n(k) + %" () PO)n(0)} <
- { kio(wuf) — u(k)" (k) } +
E{nT;V—G-l)(SNH P(N +1)) N+1}+
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E{WT(k)(R(P(k))+ﬁI)n(k)+’v2nT(O)P(O)n(0)} (15) B4 (7) WIiissRE, IA Hoo YEREIRER (8) 1ROV
HERB. =k (7) 40
thal (15) aJBLE L, 25 R(P(k)) + I = 0, BIA#ELE P(k)
E#32C (10) WO BlE ©(k) > 0 i, /EBWIREKM F LA (C (k) + a(k)Cra (k)@ (K, 0)(0) +
Jin < 0 B, Ml Hoo PEREFRRR (11) 187 7870 PEAHIE. (Dy (k) + a(k) Dya (k))w(k) +
BT ORAIE 1] 5 B A D B 0L SOk [19—20], SR LS
WESE. BUER k € [0, N], AEAE P(k) A4 (10) W7, 1 rel) = (Colk) + ak)Cna (k) 2, @(k,5+1) X
BUEI®IME P(k + 1) = Sny1, KM# Riccati 77#E (10) (M & (By(j) + a(k)Bya(G)w(j), 0<k<N
=N, N —1,---) i, £ k = ko, A O(k) 1T
. H T =R (C(0) + (0)Cya (0))0(0) +
1) O(ko) AT 07 HEAFAH, 1L I 4% 4T 1 30 (Dy(0) + @(0) Dy (0))w(0), k =0
A(ko). & (17)
n(0) =0,w(k)=0, k< ko Herf, (K, 5) 92 W R AR IR H A P
k) = A(ko), k=k
Zék;:yik;) e (Ag(k = 1) + alk = 1) Aga(k — 1)) x - x
’ ’ (Ay(G +1) +a(j + DAya(j +1)) x
M3t (15) A4, Jiv = 0, 15 Jin < 0 FJ&. PRI =N (4,0) + () Aga (i), 0<j <k
2) O (ko) FAFHFAT L. 10 A(ko) 2 O (ko) — SUAFAT Lo
S5 T PR B 4 » k=
w(k) = p(k), k # ko J;ﬂ;t ;;;D%x G A (n(0),w(k)) B re(k) MLk VEBG 5
w(k) = pko) + A(ko), k= ko ‘ 4
((m1(0), w1 (k)), (2(0), w2 (k))) =

Wk (15) A Jiv = —6AT (ko)A(ko) > 0, 55 Jin < 0 7
.

3) O(ko) FLAH EHUSAEAY. 30 A(ko) H O(ko) L HUHE
LA “a + b X ERRFAE ] & 4
w(k) = ll'(k)v k # kO
w(k) = p(ko) + Alko), k= ko

Mt (15) 5 Jiv = —(a + bi)AT (ko)A (ko), Jiv TR X,
BT IE. L. O

ER 2.t BT A, w1 S e 1 (Back-
ward) Riccati 7712 (10), &8 R4 (7) ¥WIirfafiicse, HAE
PHAEMRM Hoo PEREFRAR (11) W7, B3 1 af LG/ R
SCHR [21) e 2.5 (e BRI RMECR (O HET. R iR Ay
W (7) WERE RS, 45 tHAT M (Forward) Riccati J7H2, i
1 HRFYVIBMHKN Hoo TERETRFR (8) 107, M RHWTH
EH 2.

E’ 2. WRL (1), HE vy > 0, U AU AEAHBE
Q(k) > 0 FEHHL 8, M543 T A T7FE AL

Q(k +1) = Ay(k)Q(K) Ay (k) + €Bya (k) Bya (k) +
By (k)By (k) + M(K)E~' (k)M™T (k) +
eApa(k)Q(k) Ao (k) + BI
Q(0)=s5""
(16)
Hor

M(k) = (Cy(k)Q(k) Ay (k) + €Cha (k) Q(
Dy (k) By (k) + €Dna (k) Bya (k)"

E(k) = v T—Cy(k)Q(k)Cy (k) —eCra (k) Q(k)Crp (k) —
Dy (k) Dy (k) — €Dy (k) Dya (k) >0

E{n1 (0)512(0)} + (w1 (k), w2 (k)
= E{Z ’wrlr(k)wz(k)}
k=0

B G A G ERE T, Had
Gre(k)=[ nX0) wl(k) ™. BTG~ GAMTRR
(G(n(0),w(k)),re(k)) = ((n(0),w(k)), G re(k))
Xt w(k), re(k), N FiRAFIL R
(G(M(0),w(k)),re(k)) = ((n(0),w(k)), G re(k)) =

N
FHED w' (Rwa(k)}

k=0

(w1 (k), w2(k))

E{n" (0)Sn4(0)
IR

> E{"';F(k)[(cn(k) + a(k)Cha (k) ®(k, 0)n(0) +

(Cy(k) + a(k)Cha

(B () + a(4) Bya (5))w(j) +
(Dy (k) + a(k)Dna(k))w(k)]} -

E{'r; 0)Sn4(0

NITE=]
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walk) = (By() + @) Bra ()T 3 TGk 41y x  OF) = Ol _)f(’f“)CT( )= <CralF)PUE+1)Cra k) ~
Parafl Dy (k) DY (k) — €D}y () Dyt (K) +~21 > 0

(C () + a(4)Cra () Tre(d) + H R Hoo MEBEFRRINAT
(Da(k) + (k) Do (k) e (k) w12 ®)Be + BAT(N + DSy ANT L) _ s
TE X er(fc)l\\)ﬁeo ||7_'e(’_€)||§,}a K
N - - (21)
A“(k):j_zmq’ G+ DC) + 0N Tel) s b s (19), 1 (20) L (16)

WG~ BRI FRIA T

Xa(k —1) = (A} (k) + (k) Aja (k) Xa (k) +
(Cy (k) + (k) Cra (K))re (k) (18)
wa (k) = (By (k) + a(k) Bya (k) Xa(k) +
(D5 (k) + a(k) Do (k))re (k)
xFak (18), & X
N N
Jon =B wg (k)wa(k) — 4> rd (k)re(k) +
k=0 k=0
Au (DS A (-1)}
L k=N —k, M (18) H R T
Xa(k +1) = (A7 (k) + a(k) Aya (k) Xa(k) +
(CY (k) + a(k)Cr, (k))re (k) (19)
wa (k) = (By (k) + a(k) Bio (k)X (k) +
(D5 (k) + a(k) Dyo (k)7 e ()
e
An(]_c) = Ay(N - E), Ana(]_c) = Apa(N — E’)
By(k) = By(N = k), Bna(k) = Bya(N — k)
én(l_@) =Ch(N - E)v C’na(k) = Cha(N — ];5)
Dn(i) = Dn(N — k), Dna(i) = Dpa(N — E)
Xa(k) = Aa(N — k), 7e(k) =r(N —Fk)
Wa (k) =wo (N — k
FIAR (19) AT
N B N B B
Jan = B{D_wg (R)wa(k) — > 7l (R)F(k) +

Ve

P(k) = Ay(k)P(k + 1) Ay (k) + By (K) By (k) +
F(k)O~ ! (k)FT (k) + €Bya (k) Bya (k) + (20)
€Ana(k)P(k + 1)A}, (k) + BI

P(N+1)=8""!

I
F(k) = (Cp(k)P(k+1) A} (k) + €Cra (k) P(k+1) A}, (k) +

/J\

¥ G, G~ BiiBer A T, Bal(8) Al (21) 4
SR G, G~ B TEEL, M th Sk [22] B 3.9—-2 AT,
G, G~ M THBURSE, BIat (21) Wi, SR (8) 1K
A O

ERE 3. VUK IS Hoo TERE, 3CHK [20] EHE 7.2 S0, 4
R4 (1) FSHEE AT H, LDTV R% (1) M (7) B4k
A LTT R4S, AN EBE 1 SR INAR R P (k) A6k 3 800
B P, ##fE Riccati 7724 H 2L Riccati 772, H. 3 =0. @
SCHR [5,7,10] %1, HEF LMI A1) Heo $8ER (8) 1K 7E
IR AEAE P > 0, f15 T AR

{ © =0(k)|pry=p >0
R(P) = R(P(k))|py=p <0

th Jin 8 (15) %1, 24 N — oo I, U R FR LT
B{ irg(k)r ()} =

—g{ éw(k) -

E{n" (k) R(Pn(k) } + 7 in(km(k) -

E{n" (oc) P(o) }

WIF Y1 repy=0, V2| R(P)<0, HI AR R

-7 Zw

Ml 7lrPy=0 < Y2|R(P)<0 Bl 2e 1 ME s 2 JF
Riccati 7721381 FDF (2L 78 70 L B &AM, AR RS
(7) BRAYEEFN Heo TERE

ER 4. EH 2 JEQ?ﬂ‘ﬁﬁﬁ?fA'l TR (7) BITTRK
FOE L Hoo TEREIRFR (8) MIFE b E4 M, BLE IR AL
ATLAEAF 2 S0k [23]) 51 3.2 EBENLB RS (7) Tk
Jo, W] DUE AR 20 SCHR [24] P 3.1 (14518 t LA
SENEE R T RGER BRI 00, 37 1 B BT 2 80T B2 %2 B
MU E Mg T, [R5 18 T RGN T fadiha e Itk

2.2 BB L(k), V(k) &it

AT ER 2 45 ) Hoo-FDF {2AE 787> A8 4%
1, ¥ BEGERE LK), V (k) (RBUE L ik B4k 9 B
RIViE I Sk il Riceati J7HE, M3 L(k), V(k), 14 Z(k) XL
ATRE/NEY R T E T I A, NI L A RE TR AR (8). 4
Qui(k) Qi2(k)
Q21(k) Q22(k)

1) O(w(k) - u(k) | +

E)+w=0, w>0

-]
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E(k) = T — V(k)C1(k)Q22(k)Cy (k)V™ (k) —
eV (k)Ca(k)Qui(k)Cq (K)V™ (k) —
(V(k)Dy1(k) = )(V(k)Dgi (k) = 1) —
V (k) Da1 (k) Dy (R)V™ (k) —
eV (k) Dsa(k)Dia(k)V7 (k) —
€V (k)D o (k) D g, (K)VT (k) (22)
HRE E(k) b V(k) B RBLRE, W V(k) B

Vopt (k) BI & X0 fERT X K, 4558 Q(k), SHATRIE M4k 4L
AT v (k) AU FRAWT:

v (R)Z(Vopi (k), k)o(k) > 0" (k)Z(V (k), k)v(k)
1R Vopu(k), %

(X2

OZ—UT(k) (k) (C1(k)Q22(k)CY (k) +
Ca(k)Qu1(k)C5 (k) + €D ja (k) Dfa (k) +
D1 (k) Dy (k) + Dax (k) Day (k) +
€Daa (k) Dia(k)) + 0" (k) D}y (k) (23)
Bt O (k) ATk, 2543

PvT (K)E(V (k), k)v(k) _
OVt (kv(k))?
— (C1(k)Qa2(k)CY (k) + €Daa (k) Dy (k) +
Ca(k)Qui (K)CL (k) + €D sa (k) Dfu (k) +
Dy1(k)Dy1(k)" + Dai (k) Dy (k) < 0

NI}
Vopt (k) = Dj1 (k)
€Dgo (k
Ca(k
Dii(k
(24) WA (22), 4
E(k) = (v* = DI + Ds1(k)(Cr(k)Qa2(K)CY (k) +
Ca(k)Qu(k)CL (k) + €Dsa (k) Dfo (k) +
Dy1(k) D1 (k) + Dar (k) Day (k) +
€Dya(k)Dia(k)) ™' Dy (25)
M V(k) =1 i, BIAGIASHERNE V(E) I, A

E(k) —’VQI—Cl( )Q22(k)CY (k) —
Ca(k)Qu1(k)Cy (k) — Dar (k) D (k) —
6Dfa(k)Dfa(/’f) — eDaa (k) Dia (k) —
(Dsi(k) = ) (Dsr(k) = I)" (26)

(C1(k)Qa2(k)CY (k) +

) Do (k) + Do (k) Do (k) +
)Qu1(k)Cq (k) +

)Dj1 (k) + Dar (k) Da (k) ™! (24)

e

thiat (25) A1 (26), a5 ASEHE V(E), #m17eot
B E A, WS4 21y, X (25) B2 ol (26) 175 a] AARIE
O(k) TF5E, Wb 1wt IR SEE, 115 re (k) XF w(k) A 8L
SENGAVE

Xz (7) F1(16) &0, Q11 5 L(k) ok, Xt Qoo A
MR RR I

Q22(k + 1) = (A1(k) — L(k)C1(k))Q22(k) (Ar(k) —
L(K)C1(K))" + e(Aa (k)= L(k)Ca (k) Qu1 (k) (Aa(k) —
L(k)Ca ()" + (Byi(k) — L(k) Dy (k))(Byi (k) —
L(k)Ds1 (k)" + (Bai (k) — L(k)Dax (k))(Bar (k) —
L(k)Da1 (k)" + €(Bya(k) — L(k)Dya(k))(Bya(k) —
L(k)Dsa (k)" + €(Baa (k) — L(k)Daa(k))(Baa (k) —
L(E)Dao ()™ + T(k)E~ (K)T'T (k) + BT

T

Cr (V™' (k) +
e(Aa(k) — L(k)Ca(K))Qa1(k)Cy (k ) T(k) +
-DT+

€(Baa (k) — L(k)Dya
HF 3 (25), BT Vope(k) MISRME, L(k) 1AL
Lopt (k) 7 SA: fEW A ky, 2572 V (k) Q(k), RERE ™Y
BRAEEF M & v(k) B FAZER R
’UT(k)sz(k + 1)v(k)|L(k):Lopt(k) <
0" (B)Q22(k 4+ 1)v (k)| L(k)# Lope (k)
NI &
0" (k+ 1)E(Lops (k + 1),k + Dw(k +1) >
v (k+ DE(L(k+ 1),k + Dok +1)

JRAT. ARAF Lops (K), 2
" (k)Q22(k + Dw(k) _ 0
(LT (k)v(k))
(CEl
0= (H(k)+G(k)E" (K)G" (k) LT (k) —
G(R)E™ (k)N (k) — T(k)
Herp
G(k) = Cr(k)Qa2(K)C1 (k)VT (k) +€Daa (k) Do (k)V" (k) +
Ca(k)Q21(k)Co (F)V™ (k) + Dar (k) Day (R)V™ (k) +
D1 (k)(V (k) Dgr(k)—=1)" +eDjaq (k)D?a(k)VT(k)
H(k) = C1(k)Qa2(K)CY (k) + €Ca (k) Q1 (k) Ca (k) +
Dj1(k)Dfy (k) + €Dya(k)Dia(k) +
Day (k) Dy (k) + €Daa (k) Dgq (k)
N(k) = €Aa(k)Q21(k)Co (F)V™ (k) +
€Baa (k) Do (k)VT (k) + Bar (k) Dy (k)V'T (k) +
Bs1(k)(V(K)Dy1(k) = )" + €Ba (k) Dfa(k)V" (k) +
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(1

)
Q22(k) AT (k) + €Ca (k)Qu1 (k) A (k) +

=l C(k) 1Tk

90" (k)Qaz2(k + (k)

ST e = B+ GWET MG (R) > 0

NI}

Lopt(k) = Q7 (k)(H(k) + G(k)=" (k)G (k)™ (27)

E(k) thak (25) #iE.
B bR SRR 5 R R
EIE 3. WAL (5), 45E v > 0, 24 AACUAEAETF 2 5B

| Qu(k) Qi2(k)
Q(k)_{czm(k) sz(m}

ANEHRH 8, X (16) oz, b 2(k) thal (25) kKA,
R FEAR (8) ) Hoo-FDF (6) {211, S L(k). V (k) 47
it (27) 0 (24) €.

E%% 5. A UIRYE FDF (210 M7 50 b B4, T
Riccati 7772 (16), 431 T LDTV %%{;ﬁ&‘%*#%zﬁ%%m
R FDF SHGERE L(k). V(k) BB MR5% (1) /7%
FOH I A BN, A S I e S SOk [10] £T%F LTI R4%
2 BB £ KRG 0UT FDF () Riccati 77 FEf#. it ® 3
AI%H, AHEE T 3CHR [10] 2305 LMI (RAUE M, €51 3 45
I SEE BA BN R S 1

3 Hf

BHI 1. HRIERE R, FIBRAE (1) &S HGERE
W

—0.le"15  0.9*
—0.85 —0.1
0.6 sin(k 0.6
0.2
[—01 }
= 0.8, D4(k)=0.3

B0 E LM p = 0.85, £(0) = [0.2 0]T, Q(0) = 0.11, ~
= 1.1, 8 = 0.01, 0(k) ZRINE 1 Jrox, KMEAG W
B 2 s, B3 R 4 40 BIEs T 77 i b 0 T 5% 0 5 A
AN ISR 2455, hE 3 FE 4 af LG, At e
¥ Hoo-FDF AJ LALE R & AE I 15 B 805k 2505

B 2. UL WIASCR LA, 28 SCEk [10] 4T
Xt LTI REMHEG, FS3 50T
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Fig.1 Change of 0(k)
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Fig.2 Unknown input d(k)
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Fault and residual
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Fig.3 Stepwise fault f(k) and the residual r(k)
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b . _— Residual

Fault and residual

0 2‘0 4‘0 6‘0 8‘0 100
k
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Fig.4 Sine-wave fault f(k) and the residual r(k)
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[ 05 —06 0.7 87, M
S v 51 (DE (B (R} < BT () P(Hn(9)} < ra(DE (k)n(k)}
. 0.35 0.2 HA
By =| 045 |, Ba=| 03 E{n"(k+1)P(k+ 1)n(k+ 1)|Fp} =
| 0.2 0.5 E{n" (k)(A, (k) P(k+ 1) A, (K +eA) o (k) P(k+1) Ay (k) —
¢ =39 25 35, Dy=16 P(k)n(k)} + E{n™ (k) P(k)n(k)}

p = 0.7, REVAGT S E 2 Frog, Mt £(k) By
T

k € [20, 40]

k € [60, 80

L
0, Ifk

M A S e 3 15 v 103 /ME Ymin = 1.0005, /N F3CHk [10]
SKIFIE) Yopt = 1.0019. 4HL v = 1.0019 It}, e 3 135
T
Lopt = [ 0.0248 0.0717 0.0935 1.0056

Vopt = 8.2853 x 104

BRI 5 Bs, B S8 A SCE B 3 1B 15k %
ek, ME2kh discik [10] & 2 A3 B0k 2 2. sl har
LA, SR REILE v I, g SO R R A 15k 2 B
BOKHWRAE, ROCEAR [RISRShHM AT 200, R B 45 e 19
) i 5 2 x s B A S v 1 R A

Compare of residuals
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k
K5 Gkt

Fig.5 Comparison of residuals
4 g

ALY St — A7 AR % 5 BE LI 2 H L 2 R LDTV
R, Wi EE T W1 FDF, ¥ %k Hoo-FDF it 19 i
VL5 BEHLI AR REE Hoo B8N AR, S IUEW] T FDF 1%
LEMITE oy B4, FE4 I T 3 TF Riccati 7752 HIIEI 48 5
bl R A Ve s W B 4 e R R 5 L I = KT R T
PRISESEVEdS

Bt 3%

3|32 1 AYIERR.
1) 7artk. B (9) 1oy, i P() > 0, MAEAE ka () >
0 Fl ka(+) > 0 ffife

k1 ()T < P(k) <rka(k)T, k1 (k + DI < P(k + 1) <ra(k + 1)1

MK (9) W, A0 < ka(k) < mo(k) fH13
E{nT(k+1)Pk+1nk+1)} <
—r3(k)E{n" (k)n(k)} + E{n" (k) P(k)n(k)} <
—Zﬁ—E'fc;E{nT(k)P(k)n(k)} +E{n"(k)P(k)n(k)} =
(1- Zﬁ—ﬁﬁi)E{nT(k)P(k)n(k)}
NI

ri(k+DE{nT(k+ nk+1)} <
E{n (k+1DH)Pk+1nk+1)} <

(1 — 28 E{n" (k) P(k)n(k)} <
(1 :gﬁ’,?)( 2 BT (k=1 P(k—1)n(k—1)} <
< (1— 220 (1= 228)E{n" (0)P(0)n(0)}
I g1 = max{(1 — QEkg), (1 ZSEO))} )
E{n"(k+1)Pk+1nk+1)} <
At E{n" (0)P(0)n(0)} =
gt 'n" (0)P(0)n(0)
EAIIER)
ki(k+ DE{ (k + Dk + 1)} < #x2(0)¢" 9 (0)?
PNITRCES
E{n" (k)n(k)} < cg*|n(0)]?
Sk, e = f > 0, q = max{(1 — g, (1=
23} € (0,1). FAPEAHE.

2) DhEME. I SCHER [25) 2.1 [FAIF ], e
i F R
N
9(k) =" (R)P(R)n(k) = B 3 0" () ¥(0)n()Fi |
i, W(i), i =k, N JAER @M Wt E{n(k)]*}
< cq" (O %1, B{n"()¥(im(@)} > 0 HA K, Wil H
P(k) > 0. #hiinlEX g(k+1) A

gk+1) =" (k+1)Pk+1)nk+1) =
B{ S W u+ D )| Fer |
1=k+1
—J7 1
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B{ " 0@+ (@) Fes }) 1A} =
i=k+1
0" (k)¥(k)n(k)

Sz |
E{(g(k) — g(k + 1) 7} =
E{n" (R P(k)n(k) —n" (k+1)P(k-+ D (k+1)| e} =
0" (k) (= AT ()P (k1) A,
€Ay, (k)P(k+1)Apa(k)+P(

k)
k) ) (k)

NIIESES]

AT (k)P(k+1) Ay (k) +eAly (k) P(k+1) Ay (k) — P(k) = —¥ (k)

R A SHERE B SR M (k) A & p(k), #56 R TR,
i SCk [21) SEH 2.5 15

Ay (k)P (k + 1) Ay (k) +€Al o (k) P(k + 1) Aya(k)—P(k) <0

W EEAHIF. O

Sk [26]) %0, A SCR IR 1 a0 SCik [18] 13 1
FUSCHR [21] 4510 2.2 70 BRI RSP 8 R, om0 SCEk
[26] EHE 3.4 Pre @A RE AT Markov SHUN FIREH.
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