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New algorithm for robust H-two/H-infinity filtering with

variance constraints for discrete-time systems
LIU Li-heng, DENG Zheng-long, WANG Guang-xiong
( Department of Control Engineering, Harbin Institute of Technology , Harbin Heilongjiang 150001 , China)

Abstract: The robust H-two/H-infinity filtering problem for linear perturbed systems with steady-state error variance con-
straints is considered. The generalized inverse technique of matrix is introduced, and a new algorithm is developed. After two
Riccati equations are solved, the filier can be obtained, and the following three performance requirements are simultaneously
satisfied: The filtering process is asymptotically stable; The steady-state variance of the estimation error of each state is not more
than the individual prespecified upper bound; The transfer function from exogenous noise inputs to error state outputs meets the
prespecified Hnorm upper bound constraint. An numerical example is provided to demonstrate the flexibility of the proposed de-

sign approach.
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1 5|5 (Introduction)
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TCEMEAR K LI, B A G KX 4 Ric-
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2 [a)BHiA (Problem description)
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x(k +1) = (A + AACK))x(k) + Dyw(k),

y(k) = (C + AC(K))x(k) + Dyw(k),

z2(k) = Lx(k).

(1)
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Hefr: w(k) ROMBTH, HRBK 2:2(k) € =

REMAIERE 2 (k) € =, y(k) € =9%%54,C, L,
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AA(k) [ ]
AC(k)] F(k)N. (2)
A F(k) € = B DM RMBTTER, #E
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Rig 2 7EiTIOUR B A =M RN, 1% w(k)
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WP IE 2R A
{ﬁ(k+l) = G£(k) + Ky(k), (3)
(k) = Lz(k).

KA 2(k) FARREMIF, ¢ K BESE R IER
B"EH.
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K e(k) = x(k) - 2(k). FX

x(k) A 0
xf(k)z[e(k) ’Afz[A_G_Kc G]’
b, (4)
br = [Dl - KDJ’
M=[ M ] N, = [N 0], Ad, = M, F(k)N
VAN AR » BAp =My 1
(5)
HHARER(DFR(3), ATLAKB I TAIE) RS
x(k +1) = (A + DA (k) + Drw(k),
{- (6)
z(k) = Cfxf(k).
Kep, ¢ = [0 L]
w(k) Bl 2 (k) MofEiR R BN
H(z) = Clz - (A + DA ]' Dy (7)

YURG(6)RERINLREN RERESH T ERE
X = ,‘I_I,IEX(k) = ,}iTE[xf(k)x}(k)] (8)

F1E W E TS SRS Lyapunov 5 2
(Ar+ DA X(Ap + AA)T + D;DJ - X = 0. (9)

3 FELFE(Main results)
WAESCER( 7], BRI T 53 1.
S 1 WEELH e > 0, HFEMKIEESR
B Wi R &
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W+ eMM] + DD} = 0,
el > NWNJ.
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N T EALBUR SN T E X
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A=A+ (eM M|+ D,D])D',
Q = C+ (eM,MT + D,DT) D!,

(10)

Q* =Q(QQ") 'R QHIM-P i,
P, = H+ HL™(y*I - [HL")-'LH,
=& YP' - 'N"N) (& DT,

W, =[-(eM M + D,D]) T
(eMyMT + D,D)™ -
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W, = Q* [(eM,M[| + D,DT) - I"
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QP,Q" + eMyM] + DzD 21(QH)T,
Wy = (eM,M] + D, D)) -
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AP, AT — P, + AP N"(el - NP, NT)"'NP AT +
eMMT + D\DT + 8,1 = 0, (11)
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Pf=[1;l g]’of:[gl i(’)z]' (13)
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(20)
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(21)
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(22)

(Ar+0A)7 < 0.

—, 148
(Ar + DA P(Ar + AA)" - P+ DiDY + (Af +
ANA) P CI(Y* 1= C P C) ™ Co P A+ AA)T < O,
(23)
MRYE B RET B A R L5 3E, B A
TH() |« = | Gl - Ar - AAD'DS] < 7.
UEEE
HESSRTH, EH 1 EAEARER
H,/H., I8 (5] REAG R ) 76 4 2. SCRR (6] i 7| 3
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4 H{E =0 (Numerical results)
%fﬁﬂﬂ?%ﬁiﬂa‘ﬂ“ﬂ%%ﬁ%ﬁ%ﬂ?%m

A 0.8 0.05] [01
-0.08 -0.5 0.1
0.08
c=1[1 0], D, =[0.1 0.08], [

M, =0.1, N = [0.5 0.5], L =[0.01 0.01].
M E REAXG)FHISHERE ¢ HK, FfR
SR EHTEH L varle (k)] < 0.02 = o7,
vare;( k)] < 0.076 = o3; HIEH AL BTRW R
¥ 7 <0.012 = - 38.4 dB.
FIRAASCRIE T 3, TLVRE 5 S BF B
ERHEKRNER XBEHHHP -1, N4
vy = 0.012,¢ = 1.89,8, = 0.31,8f, F E¥iaSMH

IREWH T EREEN LR HEER
) [0.02 0 ]
0.076
RIEEHE 1, FEIRHSRS N
- 0.17795  0.09257 0.9764
- 0.01529 - 0.58288 - 0.0882

HFW wlk) BEHELN T EZBREFS
B, H AR GiHRE D A EZE R LA, TR
fhIHR 2 0 7 20 RE 1T LU a3 2 8 & 48 Lyapunov
BT (8) 88 YN EARRELERE F(K) = 1,0,
- 1, R (B) SRS MITHRED T ERKE P
wMF .

0.006496 - 0.009493]
- 0.009493  0.015080
0.006542 - 0.009664]
- 0.009664  0.015734
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