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Pole assignment fixed-lag steady-state Kalman smoothers
DENG Zi-li, SUN Shu-li
(Institute of Applied Mathematics and Department of Automation, Heilongjiang University, Heilongjiang Harbin 150080, China)
Abstract: Based on steady-state Kalman predictor and white noise estimation theory, using the pole assignment principle in
control theory, the pole assignment fixed-lag steady-state Kalman smoothers were presented. Not only they were globally
asymptotically stable, but also the effect of the initial smoothing estimate could fast be forgotten as exponentially decaying by as-
signing poles of smoothers. They avoided to compute the optimal initial smoothing estimates, so that the computational burden

might be reduced. A simulation example for a radar tracking system shows their effectiveness.
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1 5|5 (Introduction)

Kalman E-3 8% Z M TR (54 MEM
B SrEk (112 )8R 8 MR B E % /5 Kalman ¥
HRN S RE R B HAYE, AT T i+&
i . A CF|A TS Kalman VB L REHARE
HFEES, RE T —MAF 2RFEREENR S
BB REEMEES Kalman V8%, 8% TiHE &K
PME , B At B Kalman V-4 25 8948 &0 BT B T4 Bk
T EVHER R R . % B BEEL R 5

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

y(t) = Hx(et) + v(¢). (2)
HAPRE x(¢) € R, WM y(¢) € R™,w(t) € R,
v(t) € R™,®,T", H Ii& M5 H .

Ri&1 w(e)fo(e) BFEHE TEHSH
Q >O0F R > OMMHEML AR,

Ri%& 2 PIHEEWMWETR] ¢9 = - .

Ri& 3 RERZTL2TM.ZELAER.

R . ETF(y(t+ N),y(t + N-1),--), RE

BOR H 5:2002 — 04 — 22; WSO H #1:2002 - 10 - 28.

EHETRA Kalman SFHEF 2(e 1 e+ N),N > 0FEE.
2 5| (Lemma)

5118 WMFRLW), Q)ERB1~3TF,
FiaS & Kalman FfR 2%

£t +11¢) = (et -1)+ PKe(e), (3)

e(e) = y(e) —He(e 1t - 1), (4)

K = ZH'Q:', Q. = HZH" + R. (5)

HPTHEES, K vRESEEINEH, FRiEE
FHERE S BRI Riccat H MM —IFE#
S = &[> - SH"(HZH" + R)"'HZ]®" + IQI"".
(6)
EA LA EREY . A () THG3) f(4) {£
BYME 2(0 |- 1) BHEITE.
g1E 21 MFARL%0), Q)EMZ1~-3TF,
ERSEEAgSAES
w(elt+N) = lt+N-1)+M(Ne(t+N)
(7
HWEME D(s 1 ¢) = O,N = 1,2, fE{HASESH

ST H : R A RFFES (69774019) ; REILE ARFIEES (F01 - 15)FTEITHHE .
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M,(N) = QI'"[(I,-KH)"®"I1"-'H"Q;!, (8) {LEME v HrHEE.
o(t | t+N)=0(t | t+N-1)+M,(N)e(t+N), i ERXQ)FHBUHEEEP A
(9) Toy(t - 1) =
WWME0(21t) = RQ'e(e), N = 1,2, f5{H2SH ToH£(t-11t-1+N) + To6(t-11t-1+N).
2 H (14)

M,(N) = - RK"®"[ (I, - KH)"®T]¥-'HTQ;!.
(10)
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nxmBET, JEERE & + ToH B4SAE{E.
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£2(tlt+ N) =

De(t-11¢-1+N) +Iw(t-11¢t-1+N)+

Kye(t+N), (11)

Ky = Z[(I, - KH)"®"]"HTQ;". (12)
3 BRAEEBEEHERARM Kalman F

i# &% (Pole assignment fixed-lag steady-state

optimal Kalman smoothers) :
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HEHTEL BN = OFRBEEHE, BXWQ)F
Ble(e) MESHME 200 1- 1) F2X,Hi, H(T),
Q) XA o (el e+ N)Fo(e | ¢ + N) BED
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HEE5¥ME 20| N) MPME 20 1- 1) FIEFXR, TL
FIAMT2REHERENEX.
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2(tlt+ N) =
Px(t-11t-1+N)+ITwv(t-11¢t-1+N)+
Kye(t+N)-Toy(t-1)+To6(t-11t-1+N).
(13)
He v = &+ ToH,FIHE Tofff ¥ ATEEER, Bl

HR(14) 50D HEMBR(13). 73 3 w3 T,
18 ¥ = @+ ToH A EHEE, AT SR BT
fEE . FREELCER | ,liERKX(13)RLRALE
ER. UEEE .
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+Kye(t+N)=Toy(t-1)+Tov(e-11¢-1+N) REHH. HT
EHEVE 20| N) W, MHER(13) T8 2(c 1+ N
{58 BB FRER
2t e+ N) = (I, - ¢7'¥)12(¢ + N). (15)
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=2(t1t+N)-2,(t)¢t+ N),HPBRHFERF
2,(t 1t + N) EBEME 20 1-1) FHTRHE,

£o(t 12+ N) =£(t|t—1)+2K,—e(t+i).

(16)
iE  MEE.

AT REHERPIIE R AGEGZ N, NRE ¥
BVRREE SRR R A, B O B3 242 A B/, WA
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4 {HHEHIF (Simulation example)

B EXRERSED
1 T 11 0
x(t+1) = [0 1 T }x(t) +[0}w(t),
0 0 P 1
an
y(t) = [1 0 0]x(e) + v(e). (18)

Ko T HXRERM, RE () = [s(0),s(0),
s(e)17,s(e),s(e) F 5(e) 3R Rz s) Bin(HNS
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y(2) RAPLE s(¢) KRBES, v(e) RIS,
o RERISH,w(e) M o(t) BRETHE FTEESL
K ok Mok WIS BT RS | (R SR SR AR S AL B R
75 Kalman BREZVFIEER 2(2 1 ¢t +2).

EBEFRT = 1,64 = 1,62 = 1,p = 0.8,
x(0) = [0,0,0]". HEAH & R— M ARIREHERE,
EAEBFANTERNE FARFEME 1, 8o e e
B.HEAARE(NRE T T E).

W1 VAEHEREN A, = 0.1,4, = 0.2,4; = 0.3.

B2 THAMEEN A, = 0.8,1, = 0.85,A5 = 0.9.

AIBIFRGERTELMTEL .

{£H Kalman BUR2FHIME £2(01-1) = [5,2,1]7
Ja , FHE B Kalman ¥ 85 91{H £(0 1 2) = (10,10,
417, A 2 MBS RS R0 1~ 3 PR,
HPRZRRRELIRE (1), AEBEMKELR
SHIRAEE 1 ABE 2 WS ELE Kalman V1
#|e(t10+2). TEAERBE 1T, ¥ WIHEERE
RS, VIR RS (E 2(0 1 2) M WEILEZ G
AT 2T @ 2(e | ¢ +2) BEESTRE «(1).
EBE 2T, v MFEERERAEA, $11E 2(0 |
2) WEMZE —NE8 TS EA RBIEL .
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Fig. 1 Position s(¢) and pole-assignment
Kalman smoother §(¢ | ¢ + 2)
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Fig. 2 Velocity s (¢) and pole-assignment
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Fig. 2 Acceleration (¢} and pole-assignment
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5 %12 (Conclusion)
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