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H-. Filter for Discrete-Time System with Time Delay

Zhang Ming Xie Hongwei
(Department of Automatic control, NUDT, Changsha, 410073)

Abstract T his paper studies the problem of H . filtering for discrete-time systems with time delay. The sufficient
conditions for the existence of H. filter are derived in terms of a Modified Discrete Algebraic Riccati Inequality
(MDARI). Moreover the design method of H « filter is obtained based on a MDA RI, which may be solved by a recursive
algorithm.
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X(t+ 1) = AX (1) + AdX(t - nd) + Bw (1) (1
Y1) = CX(1) + v(1) (2
Z(t) = LX(¢) (3)
X (1) ,Y(1) ,Z(1) ,w(t)  w(e)
XA(t+ 1) = A)E(t) + AAdXA(t - na) + K(Y(t) - 6X(t)] (4)
Z(t) = LX(¢) (5)
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I Tl ws Y (6)
T(z)= LlzI- (A- KC) - 2 "Ad '[B - K],

X(t+ )= (A= KC)X(t) + AX(t- na) + [B - K]{ ((tﬂ (7)
Z(1) = LX(1) (8)
1 ( () (3) ¥>o ( (4 (95)
(6), ( (4 (9) ( () (3) Y
H o : H o
( () (3) ¥>0o Ho ( (4 (9)
? H ?
( (1) (3), P>0 Y>0
M= Q- APAi> 0 (10)
N=VYI-LPL' >0 (11)
P> APA"+ Q+ APL'N 'LPA" + BB' + PAJM 'AuP + APAIM 'APA" (12)
, 020, ;
X(t+ 1) = AX(t) + AaX(t - na) (13)
( (1) (3) G(z) = L(zI = A- z "A4)"'B
I G(2)Il «< ¥ (14)
(13)
X(t+ 1) = A'X (1) + AdX(t - na) (15)
Lyapunov
V(X (1) = X' (1)PX (1) + lz"XT(l)QX(l) (16)
(10), (15) (16)
AV(X(1))= X' (t+ DPX(t+ 1) = X' ()PX(t) + X ()0X(t) - X' (t- na)QX (¢t - na)
= X"()(APA" = P+ Q)X (1)
+ 2X"(1)APAIX (t - nd) — X' (1= na)MX(t— na) (17)
(11) (12), (17)
AV(X(t)) =X "(1)(APA' = P+ Q+ APAaM 'AcPA")X(1)
- [ "aePa" X (1) - MX (1= nod "I "*AaPA X (1) = M"°X (1= na)]
< - X"()(APL'N"'LPA + BB")X(1)
— M "APAX (1) = M X (t = na)] "[M ™ "PAPAX(t) - M X (1 - na)]
<0
(18)
Lyapunov , (15) , (13)
I G(z)Il =< Y, 2= €%8(z) = 21 — A - z "Aa,

G(z) = LS '(2)B
(12)
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BB'< P- APA' = Q- APAMM 'APA" = PAGM 'A4sP - APL'N 'LPA"
=ZPz - APA" - Q- APAIM 'AuPA" — PAIM 'AsP - APL"N 'LPA"
=S(z)PS (z) + S(z)PA" + APS (z) - APL'N " 'LPA"

— (Q+ APAIM ™ 'APA" + PAIM AP

— zPAiz " — z "AWPZ + APAY) (19

Q0= M+ APAL, (19)
BB' < S(z)PS (z) + S(z) PA" + APS (z)
— APL'N"'LPA" = W(z)W (z) - T (20)

W(z) = zPAIM™ "> = z7"aM"?

. 21
T = 244PAs+ APAIM 'APA" (21)

(20)
G(z)G (z) =LS '(z)BB'S™ " (z)L"
<LPL"+ LPA'S " (z)L' + LS '(z)APL"
- LS (z)APL'N 'LPA'S™ (z)L"
_ LS"(Z)[W(Z)W*(Z)+ T] S~ (2)L" (22)
Y'I- G(2)G (z) > Uz)U (z) + LS_I(Z)(W(Z)W* (z) + T] § ()L 2 0 (23)
U(z) = N"> = LS '(z)APL'N™ " (24)
I G(2)Il w< ¥
1 ( (1) (3) ¥Y>o, P>0 0<A<?2 (10)
(11) MDARI:
P>APA"+ Q+ APAIM ™ 'APA"
+ PAIM ™ 'AaP + BB + APL'N 'LPA"
+ (X = 20P. R:'P. (25)
Ri.= 1+ CPL'N"'LPC" + CPAIM ™ 'APC" + CPC" (26)
Pi= APC' + APL'N 'LPC' + APAJM 'A.PC' (27)
, Ho : K= AP. R7', (4) (5)
K = AP. R, (25), P MDARI:
P> (A- KC)P(A- KC)"+ (A- KCPL'N"'LP(A- KCO)"+ [B- K][B- K]"
+ PAIM '"AdP + (A — KC)PAIM ™ 'AaP(A - KC)' (28)
, 1
I: A= 1 ,MDARI (25)
P>APA'+ Q+ APAIM 'APA" + PAIM 'AqP
+ BB"+ APL'"N"'LPA" - P. R:'P. (29)
, P> 0 (10) (11) MDARI(29), (29)
P.,R. (26) (27), Ho ; K= PR, (4)
(5)

He : MDARI(25 (29), (29) ,
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(25)
2 1) 6> 0, Po= OlI; N, i=0.
2) P YI- LPL"> 0, ; Pi= 0P, 0< o< 1,
3) Pir= f(Pi), f(P) = (29
4) Pi> Pia ? P Riccati (11) ) ;
5) i> N ? , ,
6) Pivi> 0 ? , i= i+ 1, 2
7) E> 0, kI + Pi+1> 0, Pivi= kI + Pi+1;i= 1+ 1, 2
22 P> 0,YI- LPL' > 0 :
(P ' = Y?L'L)"'= P+ YPL'" (Y- LPL") 'LP > 0
P '> Y?L'L, , ; L'L , 0< P<
Y(L'L) "'.
3 VP> 0, 0< o< 1, Y> 0, n> 0, YI - «LPL" > 0,
2
4 P> 0 f(P)=/f+(P)-f-(P)
f-(P)
=P. Rr'P.2 0
S+ (P)
=APA"+ Q+ APAIM 'A4PA" + PAIM 'AP + BB" + APL'N"'LPA" 2 0
k> 0, kI > f- (P), E> 0, kKl + f(Pi)> 0.
3) )
3
MDARI He ,
MDARI
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