Bk sy EHESEL KA Vol.1, N,
19844 7 A CONTROL THEORY AND APPLICATIONS July, 1 98,

e T T T T —— S e ———————

-

AN

BB RGN 1 E N g

A g or -
CCBRITE AR )

w E

AR T B E W R G500 318 RS e 152, G THERFE ST Tl 47
RIGH B (G 1E8%, DA TINS5 s, 7T Sage f Husa!SIgss R, 4o
RIS R AT ToRSCRBR IR g5 T 040, BB B TFIUE R T A0S0 85 r A g b,

— FENBERAW KL SRELE

FRS B W R Y
6 :
X(+1) = D7 L0 K= )+ B,(uk- )3+ w(k), (1)
=0 |
MIT5 78y .
2(k+1) =HGk+1x(k+1) +v(k+1), (2)

HH xU)Hynx 1 REFE: ulk) HEREK 7> 1 WAFIE, 2() & mx1 MWL,
Aip Bjy H REFORIGERE, & 525500, 0 E B BAIOM, BAE R wk) A
RS v (k) RO B e

ECw(B))=q, covlw(k), w (7)) =00,

ECv(k)1=r, covlv(k), v(j) ] =Réy, (3)
Hi EZBES, cov Bz, 6 /& Kronecker ¥,

WA B E R L R R Sk C10,
;(HD=EMUthv&OLxUU=P(Hb,izm-lyu—ﬁ;
covix(s), x(j)) =0, 1], 1,7=0, - 1,000, =6

covix (i), w(k)) =0, cov(x(7), v(k)) =0,i=0, - Iyeey =05 k=0,1,2,--
(4)
HRFE G E A, MBI REFEBREL (1), (2) HIIE B R, HET
RZS U B I 5 B R e ATETEREHE, TR A Tamura i R 38 TS B

AT 19834 5 A31HUCE], 19834 105 7 B ke s,



5 8 ' SRR R R R A% 125

eily

%% ~ ”~
XChk+1]k+1) =x(k+1lk) +K(k+1)ek+1), (5)
6
x(k+11k) = > CA ) xk=jlk=1) +B; (Duk—7)q, + (6)
i=0
ek+1) =zG+1) = Hk+ Dxk+1]0) ~t, (7)
Kk+1)=Phk+1|DHG+DTCTHGE+DPE+1HDHG+DT+RI™Y,  (8)
6
PGe+1lk) = 2, A PG jlk=1) 4,07 +0, (9)
i=0 ’
P+1lk+1) =CI-K¢k+1DHGE+1IPG]+1[k), (10)

g POe1k+1) PC1]k) 55 HISHIEIEIRE Xk + 1k + 1) =xCk+1) = x(k+ 1]k +1),

B2 X (b + 110 =xCk+ 1) = x(k+110) MHF %, (5) — (10) EIFHIE Kalman
B A R R
HCLD) L (2), (5), (6) RBFH

)
XC+1lk+1) =0~ K+ DHE+1)) { S A x Ck-jlk-7) + (w (k)=q)]
1=0
—Kk+1DOvk+ 1) -1, (11)

HC11) RAALRE (4) 538 i, % h>0 0, ECx(k+11k+1)1=0,

W0+ 1Eﬂ“,iﬁ~z€@i§t[”;(klk), T(k—lik—n,---, ;(V(k—ﬁlk-e) HBARMEX, TR
BC1), (2), (6), (7THOR, kIEFH ek+1) THEH:

' :
e(k+1)=H(k+1)[ > Ai(k);(k~j1k—j)+w(k)-—q] + v+ -1, (12)
i=0 ‘
BB ERMTE ek +1) HRIEMFE,
ECe(k+)Y1=0, k=0, (13)
0, |k—i|>6 ‘
ECe(h)e()™= | k= il>0; (14)

UHk)Pk|k-1DHE)T+R, k=i,
B T R#EBE, Pklk-1) f1(9) Rit&. |

. RERWEESEE MK

W E q, r, ThFE O, RAEME, HBEETMM {2(1),-, z¢k+1)} R
WG E BT HEN IR S, FITT Sage f1 Husa " 'WIES, FERATRMET



126 EH®me 5 ®E

W {2y, z(k+1) } HJ”“P'J%LIH’J(i\{}M&)\)m”"{ (el #FJ2 T fha 1
k )
q(/c+1)— T Z X(z+1]2 F1) - E A7 (1) Q(z'—jiz‘-j)v-Bj(z')u(z'-i)j%
;-o i=0 ’
' (15)
k
(3(k+1)— ”]:1 2 [K(H-l)e(z’+l)s(z'+1)TK(z'+1)T+P(z'+ljz'+l)
'z':O'
g
- ‘> A; (7)P(z~7!z—7)A’ (1)7] (1g)y
7 =0
k
r(k+1)m 7'1_1_ F Cz(i+1) ~ H(z+1)x(z+l[z)L (1.7).
L 1=0
k -
Rlkr1y= -1 _ > CeGrDe(i+1) = H(i s DPG+1DHG+DT, (15
k+1 ico

B, Wi C13) (5), (6)EQF‘Z%TU%?'EEC’!\UH—I)]:Q@ B C13) , (1) st
guﬁE[?UHl)J:r Eh<14>fk‘L“z?fJEEE?’<k+1>J~~R BJE, Rk C14), ()
M C10) ks 3(9)&{&)\(16),&,1 ”JEEO<k+1>J 0,

m<15>~(18>1m T TEIR TS G5 1l 52 o,

. 0
qh+1) = —%~ ’75q(k)+x(k+l]k+1)— > A = [k )

\D

7=
+B](lc)u(/c—7)j} (18)

O(P-Fl) a1 UO(k) +K(k+1)s(k+1)e(] +1)TK(/L+1)T+P(k+1!Ic+1)

g

- > 4 (k)P(l—y]]c—y)A(Zc) 2 (20)
f=0 ‘

P 1) = 76 ~~~~~~ S TR 2 D) - H (s Dy e 115, | (21)

}x\?(k +1) = Vﬂl‘T"[“’a‘(@ e+ e+ 1)~ Hk+1)P+ 1EYH (k + T,

CC22)



3 5B IR E BB 127
5 (19) — (22) @4 Sage fl Husa"®? G5 RAEH 1541,

2 Tamura MY R (5)— (10 RIMA G5 0,r,0,R SRR ER
AR GW, 10, 0, R I8, WEEI TN EEMS 1k B, B
e BB 5

€0y, 1(0), 0(0), R(0), o (23)

)Q%?itﬁrﬁﬁ (5)— (10) 20 (19) — (22) RHEMEME T B HHR SRS L
e Hrp A (5) — (10) RPBEHARZ] b B EZEERA

FLAE R E R SR 3 N AR Y

ECw(@) ) =q), coviw(i),w()I=00)s;,
ECv(i)I=1(), covlv(i),v()I=RG)S;, (24)
g5 (19) — (22) X, FIBEINILE" S 5 S HHE DAY AR MR 78 45 3 i (A 2% D«

qlk+1) = (1-dy) @(k)+dk; XC+1]k+1)

g . .
E LA,-(/c);(k—jlk—j)+B,-(k)u(k—7') J; (25)
7=0

O+1) = (1-d) O (k) +dk[:K(k FDel+Dek+ )T K+ 1T
9 .
+PU+1k+1) ~ EA,-Uc)P(kﬁlk—i)AT(/c) 1 (26)
1=0

ra+1)(1d9?%)+@{z@w¢)wﬂdw1)(c+1M)]

27)
R +1) =(1—~dy)Rk) l—dk[8(/c+1)€(k+1)T~H(/c+l)P(k+1!]€)H(k—i D ]

(28)
f”ﬁ de=(1-b)/(1=-b%1), 0 <b <1, b%ﬁ&g[g%. ‘
DL T 75 BIAR R PG I 305 R R DR =

BEE BT
B R

x(k+1) =0,7x(k) +0,4x{k— 1) +wlk),

2(ky = (k) +v(k),
Hrp @m@

(29)
(30)

A a=0.01, 0=0,01, r=0, R=0.01, Bk »(0) =10, #(~1)

<0, x(=1]-1) =0, #(0]0) =10; P(~1[-1) =0,

0.1, Q(0) =0.,005,

P0[0) =03 0(0) =0, R(O) =



128

BHEiES KA

%iiﬁ&ﬁz~wﬂiﬁﬂ%%m@
ﬁﬁ.m@gﬂ,ﬁﬁﬁﬁ%ﬁ%@%ME 0.0

0=0.01, §(0y=0,005

|
]
ﬁ%ﬂuﬁﬁ,ﬁ%%ﬁ&ﬁk%%m,é omE 420,01, o)<

mwﬁﬁ%EﬁF§E%E§@.ﬁ§%“
I%&%@%%ﬁmﬁ%(m)~(M)ﬁ
&mﬁwaﬁmﬁﬁﬁ%%%ﬁﬁ&.

B QR (k). RCBHyicsmt

€13

€23

(33

(4]

(51

{61l

2 % x W

Tamura, H. and Ueno, N., Suboptimal Recursive Filter for the
Distributed—Delay Model»SMART, ﬁ@ﬂé@]%lj?ﬁf%%?ﬂ%j%,”,
3(1975) »296—302, '
Tamura, H. and Ueno, N., Sequential Filter for the Distributed-
Delay Model with Serially Connected Structure and Its Applica-
tion to State Estimation of the Water Quality in a River, &t
maﬁﬁ@%é%iﬁ,n,4cwM). -
Tamura, H., Application of Kalman‘ Filtering Techniques to River
Quality Systems, AT A LHIM (Systems and Control ), 22,
1(1978) s 20—27,

Nagata, M., River Flow Prediction by Multiplicative Kalman
Filter, ﬁiﬁﬂﬁiﬁ%ﬂ?ﬁﬂ%ﬁé?ﬁi%, 18, 5(1980), 643—649,

Sage, A. P. and Husa, G. W, Adaptive Filtering with Unknown
Prior Statistics, 1969 Joint Automatica Control Conference,
760—769,
%Qﬁ»%N%?ﬁWﬁ@aFmﬁﬁﬁﬁﬁ,Q%k%ﬁ,%
2(1983) » 120—128,



3 4 % B AN B SR BIRIE B AR 129

~

AN ADAPTIVE RECURSIVE FILTER FOR
SYSTEMS WITH MULTIPLE TIME DELAYS

Deng Zili, Guo Vixin

( Heilongjiang Institute of Applied Mathematics)

Abstract

This paper presents an adaptive recursive filter for systems with
multiple time delays. For both stationary and nonstationry noise pro-
cesses, suboptimal unbiased maximum aposteriori estimators of the mean
and covariance are given. Sage and Husa’s results are extended. The
results of this paper can be applied to hydrology and enviromental
systems”""”;”. Numerical simulation example for illustrating the

feasibility of the proposed method is given.





