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Polynomial approach to optimal state estimation

of singular linear system
HUAN Zheng-liang, CUI Jin-ping
(Department of Computer, Taishan College, Taian Shandong 271021, China)

Abstract: The steady-state optimal estimation of singular systems is studied by applying ARMA innovation model. The key
problem is the calculation of estimation gain matrix, which is obtained from the uniqueness of the ARMA innovation model. The
estimator is computed in terms of the solution to one polynomial equation and spectral factorization.

Key words: stochastic singular linear system; state estimation; polynomial equation; spectral factorization; steady-state

optimal

1 5|5 (Introduction)
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2 3 #iR (Problem statement)
B —ARENEHENATRS, CRHT @

B 2 B ) S B SR 4 R Y
Mx(k + 1) = @x(k) + w(k), detM = 0, (1)
y(k) = Hx(k) + v(k), (2)

Hea 2(k) € B w(k) € R, y(k) € R™,
v(k) € R~ B RRRRE . REHEILES 0
W5t AR MRS L BUE w(k), o (k) REHEME
FHXHAYA, B Elw(k)w™()] = Q, 0y,
E[v(k)o"(j)] = Q,8y, H ERFEEME, 0, fl
Q, BIAEBIRIER EEFE, 5y REF BFLARF
B TREEENEE 40P EUTRE:
BE 2.1 REFKO)MQ)R R- AWML B

rank[ZM}; ¢] =n, Yz€& C.
AR, FE

M
rank[ ]: n.
H
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He ¢ HE B, rank4 FRIERE A Rk

BE 2.2 RGE)RENE,ED det(M - D) =
0. RSP TMILLLT IR .

T y(k),y(k-1),,5(0) K x(k + )
HBESER/ Y 2t e(k+ 11 k). 1>0,1 =
0,] <OBF,2(k + | k) A HFATIR GEHME E
WiE S,

3 BMARAMIT(Optimal state estimation)
3.1 #%& I £ (Preliminaries)

EBE 2.1 ERT, AR RZEFEIRD],
FEETRERE Q, M 0, HE
o, 0 ]

0 Il

3)

He ny + ny = n, 1, An x n WANIIERE, M, H—

FB0H Ao OFETIERE, B : M = 0, My 2 0. FIA
A(3), AHEEZ

H(M _ @q_l)_l — K‘l—_lm (4)

a(qg™ ’

01 MO, = [1(")' ;] 0,90, = [

H,
alg) =1+ag7' 4+ a,q ", (5)
T(g™') = To+ Tyg' + - + Tog™™,
Tox0, T, € R™", 1 = 0,1, ,n,. (6)
g ' HBEREF B ¢ x (k) = x(k-1). BR(DR
ARQ)BHAK(4),F
a(g™Dy(k) = T(gDwlk + 20 -1) + algHo(k).
' (7)
ARk—BtE,BE T(¢gH) Ma(qg!) BEAXAF,
B2 T8RN T ARMA ¥ B Erilel
a(qg™y(k) = D(¢gDelk), (8)
n
D(g Ve(k) = T(¢Dw(k + 29 - 1) + a(g™Hv(k).
(9)
K
D(¢gH= Im+D1q'l+"'+D,,dq'"d,nd=maxin,,,n,}
(10)
RiENRET, AR EEHAERD; (k) £
FTHAENREFS, AT EEE((k)"()] =
Q.0 H
D(g™")QD"(q) = T(g7) QuT"(g)+alq ) Qualg).
(11)

E1 BTFEMRET D(¢™) BE,HE (k) TH
AKX () R Eg %, ap
e(k)=-Dye(k-1) =~ Dye(k-ny)+alg)y(k),

(12)
YIEER: €(0),,e(~ ny).

BT D(qg ") B, YA k FEAKE, (k) FARKE
FHIHAE A B .

i 5 ARMA 1B BRI (8),(9), AR
wlk + 0),o(k + 1) ¥k y(k + 1) BEHER/NY
FrEM oG+ L1 k), 00k + 11 k)M p(k+11k)
MEY;]

513 3.1 ARSIt ok + 11 k), 0(k+ 11 k)
Tl A FIiE:

1) XF

l = Ag,w(k+11k)=0;
l=0,0(k+11k)=0.

2) X FHEFR,

Ag=i-1

o(k+ L1 k) = 25 QuFi_i100: e(k -
i=0

Ao+ l+1-10),1 < Ag; (13)
-1

ok +11k)= D206 % 0:'e(k-1i),1<0.
i=0

(14)
F; f1 G, AT g LA T @188

F,- = - ZDjFi—j + Ti, Gi = - ZDJ'G,'_]' + a,-I,,,.
i j=1

(15)
i>n®,F = Tyi>nW,6=1, BT, = 0;
i>ngff,e; =0H D, = 0.
iE Z5enTgCEk(SIEEA .
517 3.2 miRWmImREE 2k + 11 E)(1 >
0) HMTEA:
P(k+11k) =a'(qg7'2(gDe(k). (16)
He,
(g™ = So+ Sig7 + -+ S,q7,

n, = max{ng — I,n, - 1}. (17)
A S (i =0, ,n,) TRATNHER:
S =- ZE-ﬂni-j + Dy, (18)

m

== EJa,-_J-+D',-,Eo= In,i =0,l,"',l—1.
i=1

(19)
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3.2 FEL R (Main results)
FIRAfRE K, (1) Fonfbisisimeg, B
KA = ME[x(k + De™(£)1Q;',  (20)
K e(k) BHR,Q HEFTER ,ERKFHYE.
MRS (1), (2)FEHEARBE).

Me(k + 11 k) =

Pe(k+l-11k-1)+w(k+l-11k-1)+K,(1)e(k),
(21)

9k + L1 k) = HR(kE+ LI k) +06(k+11k).
(22)

MR @), OFABEH, A THE £k + 11 k), XEH
R R 3 MERE K, (1), XANEEE 2 3CHR[ 5]+
%5853, A S R AR AE ] (HEHE
B ATHMEHES HEE—FETREMT
RELARNEE.

EE 31 MWREBE2.1M2.2 HEESTR
RHEQ.DMQ2.2), BB EE K () BUTZ
T 7 72 O — i«

T(¢™)K, (1) = R(¢7"), (23)
Xt Fug e, R(g™) BAUTER:
R((g))= D((g ") g *'-T(¢g Y F((qg g "'~

a(g™)6(g Vg, (24)
Hp

Ro—l—l

F(g™) = 20 QuFl i1 Qg M,
i=0

G(q™") = Z)chti_JQElq_i-
X FRMA N TIER:
R(q™") = 5 (¢g7 Vgt - T(¢)F(g7 g™
(25)
i ERFEAERAFERLT (1<0), R(Q22)%
H
y(k+1) = He(k+ 11 k) + G(qg™e(k).
(26)
Hepp | <OBf,p(k+ 11 k) = y(k+ 1) ERART
£(12), 821 RA LEHEFEERR (12)
G
y(k+1) = [HM - &g )1K, (1) +
HM - &g "F(g Vg + Glg ) ]e(k) =
[a='(g N T(g7 ") g K. (1) +
a (g NT(g g ' F(g") + G(g7")]e(k).
(27)

M ARMA QA (8) ] LIFKR K
y(k+1) = a ' (g YD(g ek + 1), (28)
PHE(23) AT X (27) F0(28) 18 | X T T 0 1% 12
(I>0),BH6(k+11k) =0, AR(22)8
Pk + 11 k)= H(kE+11E). (29)
2D ARXA) LA LR, T
a ' (g2 (g Ne(k) =
[H(M - &¢7")'K.(1) +
HM - ®qg ") g F(qg ") 1e(k) =
[a (g ) T(g7 ) geK (1) +
a (g HT(g g ' F(g ") ]e(k). (30)
AR
g2 (q7") = T(¢HK(1) + ¢7'T(¢")F(g™"),
(31)
B 2%t T B o B R (23)

T % ema (23) @ A —: .

BRI T(g") = To+ Tig™' +- + T,g", H
T FAnic

T=[15 17 - T,1" (32)
HABUE 2.1, 710 T BFIB T, BrLAR (23) A
—f# BULE BN . iEEE.

FRE 2.1 M2 2 ER T, FE—ERK K, f§
BM+KHEESFW, BED =M+ KH) ok
Rt g4 R0DR)E

(M + KH)2(E + L1 k) =
Pe(k+1l-11k-1)+w(k+1-11k-1)+
K(De(k) + Kyp(k + 11 k) - Kio(k+11k).
(33)
A5 3.1,3.2 RESMHEA(33) B HMhIT
e{k+11k)=
D2(k+l-11Ek-1)+K(gelk) + K,(1)e(k).
(34)
H
K(g?") = (M + KiH)"'F(q™") -
K,G(g™") + K,3,(¢g71),
K() = (M + KH)'K,(I),f
K, = (M + K H)'K,.
4 %8 (Conclusion)
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