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Wiener state estimators based .on Kalman filtering for

systems with correlated noises
DENG Zi-li, SUN Shu-li
(Institute of Applied Mathematics, Department of Automation, Heilongjiang University, Heilongjiang Harbin 150080, China)

Abstract: Based on the Kalman filtering and white noise estimators, the unified, general and asymptotically stable Wiener
state estimators were presented for systems with correlated noises having non-zero means. They could handle the filtering,
smoothing and prediction problems in a unified framework, and avoid computing the optimal initial state estimates. The relation
between the Kaiman filter and Wiener filter was discovered. A simulation ¢xample shows their effectiveness.
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1 3|5 (Introduction)

£ B Kalman IS B4 — b FLRS IR I
AR AIEE . 4% 5 Kalman 3 2560 E R
B BESR R BB MR 2 77 ZFFRYOERE . A
R T Kalman JEH2S A QMGG WH#FER
PHEMHXBRERGR D THERENE —K
Wiener RS EES . ST ESLE —ER T AHERE
RO ABUR P Bk, B R T i R
PHERRE 5 ERERNER  BAFREE . MEARS
ARERR SR IR RS SN EE S,
M ST REME RS R R SRS, ef1h W
WTAR A A SRS {EAR R 1T . FIFZE Wiener 3
AL AT I TR 25 0 e s AL (28 5| th 85—
) Wiener IRZEAH{E 25 .
2 6]/ j# iR ( Problem formulation)

X R I F I EA RS R4

x(t +1) = &x(t) + T'w(t), (1)

BCRE B $9:2002 - 03 - 04; Wi B 82002 - 10 - 22.
ESUH BT H ARMERS (F01 - 15)%BHAE .

y(t) = Hx(2) + v(2), (2)
Hep o EEEtE,RE () € R, W y(2) €
R™, @, " f1 H R HEE.
BRi& 1 w(:) € R Fo(s) € R™ EWIERY
{HRIAEE MRS .
E w(t) = q,, Ev(t) = q,,
w(t)] [w () S
C,pv{ v(t)] [v(_]) } Qv]B,;, 3)
H E AHES , cov %JW?:T%’%,T FEBES .0, =
1,8; =0(t % j).Q, > 0.
Ri& 2 (@,H) M(D,H) ¥HLuaWxt, B
@:@—JH,J=I‘SQ;1. 4)
PIERETRI (y(¢t + N),y(t + N -1),-) 3k
REx (1) B Wiener REMHERS 2(2 ) 2 + N). X

N =0,N>0EN <0, EREAREIEHELS LB
IR TR A

JRFRGE AT AL T BB AR R 75 RS
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x(t+1) = &x(t) + I'q, + T'w (), (5
y.(t) = Hx(t) + v.(1), (6)
Horh g SCHFR PIE F RS BT A TR A

w,(t) = w(t) - qu»
v(t) = v(2) - q,, (7

y.(t) = y(1) - q.

ERIE 1,2 TARA Kalman FiiR 512

2(e+112) = (I, - ¢7'"¥,) ' [Ky.(t) + Iq,],
, (8)
yo(t) = HeCe 1 ¢ = 1) + e(2), (9

HH+ v, = &(I, - KH) K, = @K + J,H ¥, Hia

EEME. I, Hn x n B, ¢ HRMHEET,

g2t +111) =20 1e-1),FBe(t) ER B

YA, T EMN Q. AR, K AR SEEHNE,

K = SH'Q;!, Q. = HZH" + Q,, . (10)
Hep S RANFEA Riccati 7R AIHE— MR :
S =®[3 - SH'(HSH" + Q,) 'H=]®" +
reQ, - sQ;'sHrr, (11)
SATRABERBEERER . BERG)RAR(9)ZIH
ARMA 37 SR
A(g D y(t) = D(gNe(t) + p, (12)
T(g™h) = det (I, - ¢7'¥,),
D(q_l)‘ = (¢ I,,
A(q™") = D(q™") - Hadj (I, - ¢'¥,)K, q7",
p = Hadj (I, - ¥,)I'q, + A(l)q,,
(13)

Hrh adj HHERERES
AR T FRFAZS Kalman 38 ¥R Wiener RS

fEERS 2(2 1 ¢ + N),ENRBLL y(t + N) YEXH

AR &3 BB R .

3 WAESHNAERAEDN Wiener & 5 25
(Wiener filters for measurement signal and
white noises)

B (1), (2) MSHB R A RS HR 3%
2(t+ N1t) =D 'e(e +1112)+ by, (14)
by = Nicp"l‘qw, b, = 0,
Heb N = 2. R () A WM FHR 2SN
(2 + NI1t)=H2(t+NIt)+gq, N> 1y
‘ - (16)

B3N (8), (14)F(16)5| i WM {E S Wiener TR 25

ple+ Nit) = (g DIN(g)y(t) + Sy,

(17)

(15)

520 %
HbXt N = 18X
In(g™") = HO"'adj (I, - ¢7'¥,)K,, (18)
oy = HO"-'(1,-¥,)"(I'q,-Kpgq,) + Hby+q,,
(19)

HX N<0EX
J.(¢g7") = (g NI.¢", 6y = 0.  (20)
XERGE(5), (6)MAX2]NESRALE —HWBE RS
BB
B(t 1 t+N)=qu+I4(qNe(t+N), 6=w,v,

(21)
HbhEXEHmREE 4(q7") = O(N < 0),

(g = 2 Mg, 2)
Kb N=0, HEX '
M,(0) = SQ;', M,(0) = Q,Q;",
Me(i) = De(1)[(I, - KD)T®T]'H"Q !,
D,(1) = - SK'®T + Qr' - §j7,
D,(1) =- Q,K'®",

(23)
HX(12)F
e(_t + N) = (g H(A(g)y(t + N) - e),
BHAAR QDS A% Wiener JEH 2%
9(t|t+N)=‘1’_1(q_l)L?v(q_l)A(q_l)y(t+N)+p0‘N

(24)
Pon = 95 - T LE(Dp. (25)
4 Wiener iR 718 {8 8% (Wiener state estima-

tors)
BB 2 AR RS E S

E(tlt+N)=§.Q,~[y(t+ilt+N)—

i-1
ZH(Pi"‘jI‘w(t +jlt+ N) -

0(t+ilt+ N)], (26)
Ho#lE & =0(i <0) Hj=0, TTWEN
Q = [H",(HP)",---,(HBE-)TIT,  (27)
Hrb g Anl e, BiE QF Sk R
Q% = (Q")'QT = [00,0,,+,05.,]. (28)
EE A%(D,QERE 1,2 TAHLRE
BI85 —iY Wiener JRSfG{H 28 . ,
2(t1t+N) =¥ (g DK(gDy(t+N)+up,

(29)
HeE X
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Ky(qg™") = 0.9676 - 0.9676 1.5]
Qjﬂ (T (o) i[@i-'-f 0.6169 ‘{ -0.8169 1

JionCg™) - p X (38)
ILk.;(¢7)A(g™") - Li; (q’")A(q“)] (30)  PISRIS ARMA BB BIR. .

MN = Zni[ai—N - gﬁq’i'}’l_jppw,lv—j - OoN_il-
“(31)
iE HROADHFQDAAR(26)51H3(29) ~
G1.BF ¥, BREEERE. & v(q¢'") BRRENE
s, AR (E AR (29) BRWIR AR ERY .
L 1 AR 1,2 THIBE Wiener REAEE

2
(g HN2(t1t+ N) =
Kn(g V) y(t + N) + dy, (32)
dy = T(1)uy. (33)
it 2 ERIFE1,2TF,#FH g =0,0 = w,ov, W
AR E B Wiener IR AR
V(g D2t 1t + N) = Ky(gDy(t + N).
(34)
5 {5EMIF (Simulation example)
E AT HEARRRE RS
1.5 1
x(t+1) = ~ 1]x(t)+[1]w(t),
(35)
y(2) = [1 0]x(2) + v(2), (36)
v(t) = 0.5w(t) + €(¢), (37)

He w(t) BYMME ¢, = 2,5 Q, = 2HBETEWE
B,e) BREFWE FENQ = 1HM LT w() B
E%E’uﬁ?gﬂﬁg‘ qy = I,Q,, =1.5,8§ = I,E.
1.7114] _ [0.5931
0.46421"

2.1863

1.7114 1.61691°

x (0, £,{t]1-2)

0 50 100 150 200
t/step

B1(a) x(1)5 \g}nemrﬁ:fﬁiﬁ £.(21t-2)
Fig.1 (a) x,(¢) and Wiener predictor £,( 1z - 2)

x,(6), %5(¢]£-2)

(1-q1'+0.3¢g7)y(1) =
(1-0.0324¢"' + 0.2577¢7%)e(1) + 3.3.
(39)
BN =-2,0,1, BIfEL 2 Wiener RSB TIR S .
BEMSN—FRFTR—FN
(1 -0.0324¢7' +0.2577¢72)2(t t t + N) =

Kn(g D y(2 + N) + dy, (40)
H
. — 0.2903
Kole™) = [0 4234] — 0.1851
Ko(q-1) = 0.5931]+[0.3746]q_1 [0.1356]q_2
0.46421 0. 1527 ~0.0543
5.2679 0.1174
3.9139° 0.34611°
0.1225] [0.4706
Ki(qg7") = [ ] [ q!
. 0.20871 T L0.2556
0.4113] 0.1356 |
0.215319 T L_0.054317
— 0.2867
~0.34261°

fEXRME £¢(0 1 N) = [10,10)T,N = - 2,0,1.
FHESRME 1| £E 3 B, BN «(1), BE N
£(t 1t + N), Hep
£t 1t +N)=[£,1t+N),£,01t+ NI
AT RIEFERR 2o | ) WIBER TR 2211 -2)
B, TPl 2G 1+ ) MEESTHRES
£(t | ¢) BOE.

0 50 100 1.50 200
- 1/step
1(b) x,(t)5 Wiener FIHE S8 2,(1¢-2)

Fig.1 (b) x,(t) and Wiener predictor £,(¢1z - 2)



http://www.cqvip.com

576 =

®20%E

x‘(l), i‘(lll)
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B 2 (a) x,(t)5 Wiener BI85 2,(zl1)

Fig.2 (b) x,(¢) and Wiener filter#,(z1¢)
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Fig.3 (a) =x,(t) and Wiener smoother £,(¢1¢+ 1)

6 45t (Conclusion)
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