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Information fusion steady-state and self-tuning full-order Kalman
filters for descriptor systems
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(School of Electronic Engineering; School of Mathematical Science, Heilongjiang University, Harbin Heilongjiang 150080, China)

Abstract: Based on the fusion algorithm weighted by scalars in the linear minimum variance sense and the projection
theory, a distributed fusion steady-state full-order Kalman filter weighted by scalars is presented for descriptor systems
with multiple sensors and correlated noises. The cross-covariance matrix of steady-state full-order filtering errors between
any two sensor subsystems is derived. The solution can be computed by iteration with any initial value off-line. The
proposed steady-state fusion filter avoids computing covariance matrices and fusion weights at each time step, so the online
computational burden can be reduced. When the unknown model parameters are involved in the system, a two-stage fusion
self-tuning state filter is presented based on the recursive extended least squares algorithm and fusion algorithm weighted
by scalars. The first-stage fusion is to obtain the fusion estimate of the unknown parameters. The second-stage fusion is to
obtain the distributed self-tuning fusion state filter. Compared with local estimates and weighted-average fusion estimate,
the presented scalar-weighted fusion estimates for parameters and self-tuning estimate for state both have better accuracy.
Simulation research validates the effectiveness.
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1 5|E (Introduction)

X RG) AT AL S A i 2 A,
YN G () Bh RN P AR . 2188 A 321k
PIRAEN 1 3l AR DL S BT R 2Rk it v )
RGP, T JUEE) CARGHPRSME T 8512 T
MAT T2 0~ ek 2146 T LRGEY WM~
Wit T —FhiWiener [ I il (E 2%, SCHR [318 1 77 7 (H
IR T — R BB IR B A%, (0 ERAR S 1) R G
FEBEA N 7 HRmT i, k8 G B B 79040 BN 7 £k
T RWAR B, A ELRE R R G R IR A A
ELAR~OL SCHR [411F0 T B S8 J0 2% L SR AR — N 48 T 11
Riccati 7 F2. 3& T IR ] 780 0 M1 05 VL 1) X &

R HI0: 2009—11—12; W& ek H 5T: 2010—11—07.

GERSAS I AL (B 411, TR o e 75 A A O i o B
I SCRR (61 I Kalmanyi& e JrvA St T RSN
SR DGR B DRI A R - 4. (LR T A OGP 1
A BONE . DT SCIRZ 2T ML s it
IPWEE, i AR RS HOE C A, M3 5182
RIS 1K) A LE Rl 15 28 ) L

X 2 A R AR G I DR A B UE I AT IRV
b B WA A U B ig . th 10 A KPR S L
TGN, B TR A 5 20 8, RATBm]
FEVESEOL AL, L LARA 2] T )z et~ 12 g
Kalmanyi§ ¢ #5171 B8 K ABLAR fil 5 D8 I 2318, 48— 1
TNASL g /)~ 3 A b 28 P T Al i o112 SCHiR [1014E
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St g5 /N 7 22 3 T At T PR RE DAL X
FERE IASCRI AR 2 DA 3 M i 45 AR, I I Tl A O
Nk 75 28 295 1) 3 A 2R D i RSP U 12 A
I 7 R 2 I AR A R A THUSTDL R T SUR G
B fil A B RN TR H R, A ORSHCR AN 2 4%
JEES IR IE il G B e 2 BT i A 2 LB

RSO LR GeHs 4 o0 A AT A AR IE
B 2%, 1oL, VR R LR RIN ZIAH DG T SUR Gk
B A Ay W 7 A [] IS Z0) R 05 30 IS 20 R O 1) IE Y R 4R
ANTR] T STHR (617 6 B A7 vF 1) B T, O T R A
M 75 A DG R B HE T S P, S AH DG A e 0 R
ANHH G 7, AR5 45 T TR AR B ) R AR
AWM KalmanJ 9 4. 261, 5T 2tk 5/ 7 ZE b
ARG B, 45 T o0 An AR bR & AR B
KalmanyEJ a4y, #E1S T AEPIAS R TH 2 (8 i
TR AN UEB R 22 L TT 22 . HLAA AT AT A B 2k
RIS, W/ TR S, R G5 A R o R %N
RS Z RG], ) 3 438 T fe /s — e 5L R b 12 0
BLRG S, f&th T — Mok Ao XS Hih & Hl S,
HEP XS HHHRIT AL, BB/ E .
5IMBCE RS A LG, BAT S S R R, H R AR
S, e m, e T8 A it e b T il A
R IE A IR B Kalman R 25 Y05 4.
2 8] 8i343A (Problem formation)

F Al ZAME AR I )T RN LG 1 R G

Mz(t+1) = dz(t) + Tw(t), )
yi(t) = Hyx(t) +v;(t), i=1,2,--- | L, (2)

RSz (t) e R, Willly, (¢) € R™, i=1,2,---,
L, HM,®, I, H & 15 M YE RN FEBE. N bR “07 KR
LIRS, LRI AR AL

Bik1 METFTHE, Blrank M = ny < n.

Ri&2 w(t) e R, u(t) e R™ (i =1,2,---,
L)@ F MK E S, HE[wt)w™ (t)] = Qu.
Elw(t)vI(t)] = S, E[vi(t)v;—r(t)] = Ry, Hr:
Riy; = R;, ENIMHES, THHES.

®RiZ3 FRAEOQMWEN TR TER M
(1), Blrank[(zM —®)* H'] = n, rank|[M™" H}| =
n, 2 RAREE L

BN T RG220 e A vt A2
— (1) BB ERIUE T BT vk IR B A (4 TR A2 7.

AT H 2 N AR IR A 00, g
M (y; (1), yi(t —1),---), 5 =1,2,--- L, RIRZE
z(t): a) PR CANN I 73 A XA ASME B Rk S R s
T, (t|t); b) MO E A RIS EIN 01 X B IR IEAE B
Rl DRI B 2 rr (2]E).

tHrank[ MT HI T = n, WAFAER x m HiBET;01,
(M + T H)A:37 5. 46T 23 (2) 5 WA

2t +1) = Ga(t) + Tyt + 1) —
oM, (t+ 1) + TP w(t), 3)
Hor: E X
W, = (M + T,H;)"'®,
v = (M + T,H,)"'T,

v = (M + T,H,)"'T"

¢

&(t) = a(t) — v Vyi(),
zi(t) = yi(t) — Hiwi(l)yi(t)y
MRSk R IEH R4
E(t+1) = w&i(t) + v Vyi(t) -
Mot + 1)+ Pw(t), @)
zi(t) = Hi&(t) +vi(t), i =1,2,--- L. (5)
RYGEAOS) G ARG R & RGN 5N
Mg P AN AN [i] B 2 AH DG, T FLAH @15 220t AH G,
3 br BN ACRL A AE A T B U8 Bk 98 (Scalar-
weighted fusion steady-state full-order filter)
h T IRAHE B RGeS, e BRI T A
R S TR R B A T AR PIAN Jy Al T 2 R 1R i 22 HL
W7 ZZ M. ATz () 5 ()RR, AT IR &
S i) Wﬁ%&ﬁiiﬁ;i (t]t) nl I A IS I R S84 (5) IR
SAGTEE (t]t) k3R AT.
3.1 AR MY 83 25 (Local steady-state full-
order filter)
HB &35, (5, H;) 58 A nlRon, FRB e (9 —
v SR H,, v Q) e A fekaxt, HhQ,QT =
Qu — SiR; ST, M AL @GSN T RGLifEt —
ooty — —oolff fA{EFa A KalmaniE ik 3.
EE 1 52N RGOS ML
T R A TS Kalman)E 48
Et+1lt+1) =
(In — KH)& (H]t) + (1, —
K H) [0y () + Jizi()] + Kizi(t + 1), (6)
K, = (%H — vV R)[H, S HT —

HwVR, - RWDTHT + R, (D)
5 = GPUT + 0V RUT 4 Q,, ®)
P, = (I, - K,H)S, + K;Rw)", ©)

b
K

Qu, = ¥ (Qu — SiR; ' ST,

U, =W, — J,H;, J,=9YS,R,

(1) = TP w(t) — Ju(t),
Ki%%i/l\)%%ﬂﬁiﬁ@ﬁ#&iﬁ?ﬁzi@ﬁ, PALE; 7350 K
TS BB AN TR0 22 )7 22 1. HMEE; (0]0) T ATE.
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UE X RGE4)(5), AT Tk G AH OG5 ke (1) 4
S NE, B A RN A DG P O ANFH O .
Ji e (5), R 5 U@, 13
Gt +1) = W& (t) + v My (t) —
TP (t+ 1) + Jizi(t) + wi(t), (10)
o &, JRw, (#) 0 Fse S w, (8) S, (8) A
X R S0(10), S R A BT #3
E+1t+1) =&+ 1]t) + Kies(t+ 1), (1)
Horp: FaSUEP I &0
K, = E[&(t+ e (t+1D]QC (12)
e, ()i =1,2,--- ,L) A
et +1) =zt +1) - HEE+ 1. (13)
XA (10) PRI UR AT
E(t+1[t) =T&(t)) + 00, Vi () + Tz (t). (14)
F AR AHRARXAD 5 (6). # G
ASNA3) AT 1535387 B S T — 20 P R 22 i Rk 5K
gt +1) = H&(t+ 1]t) +v(t+1).  (15)
M 10)(14) AT 3R 1FB TR iR Z TR A
E(t+1[t) =T (t)t)+w; (t) =@ Vv (t+1),  (16)
Horp:

(t+ 1)) = &(E+ 1) — &+ 1]D),

(
fi(t‘t) = fz‘(t) - éi(t‘t)'
I S P IR, 56, (8]8) S (¢ + 1), & (8]t) g (1)
(i = 1,2, , L)AH R HX6)5] H2(8), ik
(15)(16)5 | H a8 I8 7 2= Bk
Q., = H;X.HF — HV VR, —
Rw,VTHT + R,. A7)

FARA)RAXA2) 51 H (7). HE (e +1) 5XADE
2, FERI I 2R(15) 4 Dk 5 2 5

Gt+1lt+1) =

(I, — K;H)&(t + 1]t) — Ku(t+1).  (18)
S (18) F = (7) 7] 15 A A5 B 2% I R S JE I % 22
JiZEBEP; = BI&(0OEF ()] a2 (9).  IFEE.

FE 1 EIIP R A A AP 2 AT )
P (O) B LA 51 O LA A S, = lim S3(0), K, =
Jim KG(1), Pro= lim Py(t). TESEBR N FH v, FEIE B 1k
PRS0, RSN B A T RE S R KR ZE. A T
T/NRZE, W TT A R s U IE kA%, IS EIRESE AR
AUEWSIVE. B4, BT R G 4)(5) BV I 5 I U
98 T 5 R 0 O 2 LA A ST,

e (1) ()% R (t) = &(t) + 7 My (t), %
SR R

i1 W EMMEBEENT XRROQMH
MEIEL T R 5 A A RS KalmanJE 4%
Tt +1t+1) =
(I, — KiH) Wi (t[t) + (I, — K H;) Jiyi(t) +
K+ (Ln, — K H) O Jyi(t+ 1), (19)
WM& (0]0) FTAE ZERLEL, HLa, (¢]t)FIE; (¢]) BAT AR
(1175 2 B
HAER 1, IR 5 R TS TP DR 48 5 RS 1%
B9 2% P A R AR 2 VT B RO (n?).
3.2 H 1 J5 Z B ) vF B (Computation of cross-

covariance matrix)

EE2 ZAREBERAEDQMEEAFIE M
SRR T R G0 2 TR) R RS A T I I B 1k 2 HL Py O 2
P i 2~ ACHOH [ T

Py = (I, — K;H)W,P,uT (I, — K;H,)" + A,
(20)
A =
(I, — K H) (B [(KH,— 1)WY — K] (STw ™" —
Rz‘ijT)JF(%(z)Sj—JiRz‘j)[Wi(l)T(KjHj — )"~
KN + Qu,, + WV Ryw VYT, — K H;)T +
KR w V" (I, — K;H)T +
(I, — K.;H)W"R;KT + K,R;KT, 1)
i EPQ@-]- _ Wi(z)Qij(z)T_ Wi(z)SjJJT— JiSiTL[/]@T
+ iRy JT. HLP TR Py (0) 11 F AR5
Pyt+1) =
(I, — K Hy)W; Py (t) 0 (I, — K Hy )"+ Ay, (22)
HA
Py = lim Py(t), i,j =1,2,---, L. (23)

WE K aC16) RN (18) iy 43 o e i 2 7 7

E(t+1[t+1)= (I, — K H;) (@ (tt) + @ (t) —
M, (t4+1)) — Kivs (t41).
(24)

I FH 5 5 3, AT AN =3 0 A0k 2 T PR AR A U
w2E BT 2R N

P, =

(I — KiH){; P07} + GE[G (t)w] ()] +

E[@; ()T HOIT + Qu,, + W Ry w1, —

K;H)" + K.Riw V" (1, — K H;)" +

(I, — K:H)7"R;KT + K,R;;K. (25)
Hrp
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E[&(t]t)a] ()] = Er g R

(K H, — L)) — K)(STw" — Ry JT), EVEIL Py

(26) yi(t) = o (£)0; +&i(t), (32)
¥R oA R (25)5] X 20). BXQoyts ks H:
o (0) IRFE A5 B 2 10 P A D 52 0 1 0, = (alV, - al™ dM . d )T
2K yi%%@ﬁ?(]—n_‘KiHi)WiIEIL:E%}—TEE(J, FEABA STk T (t) = [~y (t — 1) — it — na))
[31AHEW] R2) A (23), 40 ms.  EHE. (1) - &t —ny)
3.3 B O R A R 7 Y 9 B (Scalar- . o
mla. i1 A

weighted fusion steady-state full-order filter) o, ¥y R?Lsﬁﬁfiﬁ .

ST LA 1, 2, AR AL L 0u(t) = 0u(t = 1) + K (D)eu(t), 63
PRI SR R L (1) () IR R IR S &i(t) = yit) — o7 (1)6i(t — 1), (34)
Wi Kalman 3 34 3 &, (¢]t) R4 07 2 B P,, LA K1) = W@—D%O 35)
tr P, < tr Py 548 A1), FLpk o SR TR4 . ' L+ o (P (t — Dpi(t)’

PR B S % 5 Py AR T i ﬁ(%ﬁhfm%>3ﬂﬁufn,6®

17, B AR B E o ) RS 5 220 Pyl I — Ik
LS THERA, BN T AL T D,

4 HAIEAE B Rl G B I8 37 4% (Self-tuning

information fusion full-order filter)
RS PR &1 B B RGBT 5 RS
(PG . 1K AR HEG) ™ e/ R BEE, T hr i
IR A RO S H —Fh o A1 A5 B RS 2 5l
VAR O T AT, 3% B 45 Hbs s g T~
(Blm; = DI RGBS H G PR,
BRi&d4 IHEHENRMSEL k< n.
)RR Q)T
v(t)=H;(M—q '®) 'T'q  w(t)+v(t), (27
Hrhg ' REBHE T, Mg tz(t) = z(t —1). 5INL
eV
Hy(M—q ') 'I'q =A;7 (¢ ")Bi(g ")q", (28)
HA A (YA B; (¢ 1) A&, HRRHMRARQRNHE
Ai(g yit)=Bi(g )a w(t)+Ai(g (1),
(29)
Frh A (¢ )MB; (1) an F B 2 1k

{Bi(q_l)—bgo)—i—bgl)(q_l)—% +b£nbi)(q_”bi),
Ailq~

D=14a (g )+ +a" (g ),
(30)
s ng,,ng, MR, B £ 0, 7K
BB 1R AN S BT 584 1A, (¢ 1) I 5 50w
—HfE. Q2951 H ARMA BT S5
Ai(q " yi(t) = Di(q Vei(t). 31)
%t 2 (31)F) FIRELSELVE ] K45 A, (¢~ 1), 3 1 7
SO AR B R, LT ME RIS T R4 RELS

Horr: W M6;(0) = 0, PP(0) = M, A > 0. I, W&
SRR MR 2,(1) = 0,¢ < 0, L
Q. () =1 X 20 a7
FHRELSH. 7% 5 Kalman i€ 1 ) ¢ R BT a] 15 58 AN i
BT RGNS RN R 2 Iy 22y
PY(t]t) = Qc, ()P (). (38)
LR/ S T R W1 T By 22 e o
P(tlt) =
[ — Ki(t)e] (0P (t — 1]t — 1)[1; —
K0T 0] + K.(0)Q.,, (0K (t),  (39)
S P (t[) (6 # J) KB MO TS %

B, AT PIAME H T R AR B U )7 Q. (1)
A

@F\I—‘

Qe (1) = i i(k)é; (k). (40)

T2, T iAME R T R T IR R S 5
0:(t). T ldrh it RSB0 584 1 A (¢~ ) I B 3
B 5, (B P 0 K S 28T B e A, (g L)
I R R I R R

B = fi(A), 1)
o A, = (0,0, al™), B R
BHERRIT i, fi(A)F R K T A &Pk Tk
SRR R TR f (A R, W@ AT S

B = FA; + 4, 42)
FLrp S, Sk b KOS R R B B T, B R
MIBHOET BB R T REN DA N

B?] (t) = FzAz(t) + 9;. (43)

LR (A T35 22 7 22 g
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P2 (t]t) = FPA(Ht)FT, 44y FlP. BT ISWEEM 1R 15 5 T S LB £

PA(t) = [I 0,)PL(t[0)[L; 0;]7, (45

o P = P(Ht), Pa(tt) = PA(tE).
T A010, 009 18 4 2 500 A7 B A 40 B, 2 T 2R
TR BT RT3 SR B, BEIN, H3(43)~
(45) Ko b 3 AL 26 1 d5 /S O 22wl SR AT gk
HOIIE RE ST D, T2, 5 Thr 8 s Kb
£ BB B FFA AT Kalmany§ P 2%, 41 F A
FE1E A B IR Rl 3 T Kalman R 25 98 9% 2%
L
Zerr(tlt) = 3 &;(t)Zsrri(t|t), (46)

=1

o Sorps (H)(i=1,2, - -, L) AR E R IE
vk, & () A AR IERA AR, 000 K 2 4k (m; >
1), T 2 4ERELSH 7B AR (5 Bk & 25
vk Bk Rk, 2 RE ERAIE A Y
fi(A)JE AT AL R B, DKs E AE A, R 21k,
I th130.(43)~(45) KBl SR SRAF AL A Al B,

2 WRARMARF S KGOS H b 2
O, BIA; (1) — At — oo, B8N ZE 4 M 5 VLB 40,
Bi(t) — @, Po(t) — &, MIfiI ]

EgTRi(tlt) — Zi(tlt), ZsTr(tlt) — Zo(t|t), t — oco.

E 3 A ATRES BRI 33(46) A DB R & 4
o, Forb S 1 Bl FH SR 3RA5 R G R SR S 50 W sl i
Th SE2B Al A T R B RS IE DR A Abr e I AR A S
R1G0 2 ARRIE S B Rl A P Kalman R 25 83 2%
5 {5 EWF5%(Simulation research)

I8 3B ) LR G (1)(2), Hor:

Y e B T s A Ll B}
10 p 0 1

Hy=[1 1], H,=[0 1.3], H;=[0.1 1].

LI 75 v, () 5 RGEME Fw (6) A OE, Higi Lo (t) =
piw(t) + ni(t), i AAHKREL n; () BT Tw(t)
I, T 2R Q,, M. HE: a) Mpt
HIIE, SRR B IBURS Z5 A5 5 Ml 2 3 IR 25 08 ol 2%
Bo([t); b) M pA KNI SRAR B INAN H B2 1 A5 B k5 5
B RS IR e (E]E). AEDTE AL

Qu=1,Q, =1, Q,, =3, Qy, =2,

w1 = 0.5, e = 0.95, pg = 0.4,

T,=[10]",i=1,23.
¥Mt(0) = [0 0]", Py =0.11,. HU1504~ RFEEE,
#4750 Monte Carlofi .

I FH s L, 2R B A R v TR A5 b
TR 0E I 2% (SWEF)Z, (t|t). T 5% A 1ol
fil A U8 % 45 (MWEF) 11 RS BEAH LE 3%, B0 K MWEE,
SWEFAI &) 1 3 U 2 (LF) [R5 22 5 2 [ R St 41 T

RS B, 1K T MWEF (4l vH K5 2. 211 8 SWFF 5
MWFF M Lt 5 16 R FE (7 22 (1 288 2% H9.8%. {H
SWFFH 75 oH 55— A3 x 3 B4 19 386 5K A 52 b B AL
, MIMWEFFT 50— AN6 x 6 B (1330 R e 4
FERCTE, R IESWERFEA B /M5 f 4.

%1 LF, SWFFA=MWFF#Ji% £ 7 £ 674514
Table 1 Steady-state values of variances of LF, SWFF
and MWFF

LF1 LF2 LF3

SWFF MWFF

0.1514 0.3676
1.4014  2.3092

0.4351 0.1038
2.1644  0.8037

0.0937
0.7925

Iyl
2

M RG AR S H N, T T REAMME AR 1
AR S BN VHLE)p, (1), Hi b = A a5 S vk orny
it & A5 T (SWEE)p, (¢). 3T W] 15 J5 #8 A % 1
JEW AR Torr: (L) FI A B AL I VEWE 28 Esrr (L]E).
liaﬁifé%%%&pﬁﬁmﬂm. HT 5 IMBC4 U7,
Rl po(t) = iﬁaﬁi(t) LR, ¥ 2 E0n BT 34 a1

L (WAFE) B 2 T 1. i1 B 1m] WOWAFEA Tt
4 (LE)2[8], MISWFELf T"WAFERI #5LE. K24 #H )W
(1) B R 1E fil A5 IR S VE B 88 Rgrr (L) I EE A 23 H 1
ERER L, o] WL AR AR S TE B A Esrr (28 B
AU I R R AL I3 43 0l I T AR AR 1R S 40 A
TFLE. & T-WAFEF % T-SWFE) H A2 1F IR & br
IR LA Al T 1 26 14 4 1= i 152007 Monte-Carlo
S 34 7 158 22 LU IR, 43 il id A LE-STF, WAFE~
STFHISWFE-STF. 4 T 5 % T 2 $( FISWFEM H
T8 1E R 2 R B I B A Ak TH(SWFE-STF(m) E Lt
B, A e T K3, B KEI3E L, LE-STFLL
WAFE-STFH 15 8 /Iy 19 35 J7 ¢ 2, K] ALER T
WAFE(. FF1). SWFE-STFLLLE-STFHIWAFE-STF
HA TN TR ZE. 15 SWFE-STF(m) 1134 75 1%
ZAR . (B L SWFE-STF(m) B A5 5 /N5 6 4.

1.1 T T

1.0 - -
0.9
0.8 -
0.7 -

PpIAGE

0.6 -
0.5

0.4

0 50 100 150
t/ 5
Bl 1 BT S L plriAl v L

Fig. 1 Comparison of estimation of model parameter p
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Fig. 2 Self-tuning fusion filter of the first state component

5 T T
-——WAFE-STF
4l ~ ---LE-STF i
/ hY —SWFE-STF
‘ i N e SWFE-STF(m)
ﬂﬂ@ ] Y 1
}Q ./"\\ \\'
ﬂ 2 - \V \’\ T
» \ LA
) \\ 'w\
1 -_"."\\‘ M \\ |
0 ! e T e
0 50 100 150
1t/

Kl 3 % DIRAS E FJLE-STF, WAFE-STF,
SWFE-STEMISWFE-STE(m) 13 )7 i%
L

Fig. 3 Comparison of mean square errors for LE-STF,
WAFE-STF, SWFE-STF and SWFE-STF(m)

of the first state component

6 45i&(Conclusion)

ARCAI T T LR GE IFS AW B fl 5 08 3 R
A3 TR SRR 0 T TR RS L R i 8 ) . 0 3t
Y A G 75 1)) SURGE e AL N 7E [R] I Z AN AR T I %)
FHRWIE R R, $E i T —Fh R 253 M KalmanyE %
a0 AR ISR RS, HEAS T AR R AL v 2 T )
FRAS TR DE B R 22 HoPh 22 B, LA nT AT 3R WIMH 2
ERARAR TS, MBS T 2R fe N J ZE b Bk A
SV, 4T AT bR B INBURR AT D . M R
G TR B TR AR NS U, N HRELSSLEAAR
o INBCE G 5L, 3R T — Mk s InAUE Bl =
BRI, T k8 & 28U, A
PR B G SEeh T R B A S5 I AR
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