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Robust Kalman filter design for unknown noise covariance
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Abstract: This paper is concerned with the problem of a robust Kalman filter(RKF) design when noise covariance is

unknown in stochastic linear systems. A novel design criterion for RKFs is proposed, and its rationality is analyzed. Based

on the criterion, the design of a RKF is transformed to solving a linear matrix inequality(LMI). The results are validated by

simulations.
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calculation in the robust Kalman filter)

HARILAE 4 T4k 3 T W RKFRE & 1E, H
B R TK (= 1,2, ) B R ASR AR R 58 R,
DR, RKF S50 B ik R AR 45 . R, 93
RIRK,, i =1,2,---.

BRI, K (= 1,2, ) B e )
O'(djz)<1,
o(£2) < o, ©)
o(K;) < B.
KO)F 5o ()ICRHPE R e KA FAE.
KOEM T
0% (P;) = p (P} P;) <
2(AK;) = (KTATAK) o
7 (2) = p (270 < 1o
oK) = p(K] i)\ﬁz.

LA, F5p (- )ﬁi%%ﬁlﬂﬁﬁ’] e ¥

sz b, 30 IH TG sk A, jaTz%ﬁéH?i(z’ -
1,2,--+), it 2104k S0 LMDE . 40
FLOYEEAL Ry A (K LM 5 A B 4 1 5 B

EE 3 CEIEEMEB e R™INE12p(B) <
1/&B < I 78 B4, Hoh I/ d < d4E s i FE.

W ASAE VR E RN € RO E(Y
Hxi=0,i=1,--- ,d.
T (B y<1mﬁ{ sl

ST P



696 ECI U o R VA

08 %

B_Jdﬁ@%maﬁa{ ol
5, BB < 1.

WEE, BB < Iy, WHBEB — IR Ak e
By —1<0,i=1,--- ,d, ZERHEB € R>IE
FIEER, A0 < o < 1,4 =1,---,d, K’k

e R B — I, 97

p(B)<1.  EH.
H & B3 AT A34E L 2.

it 2 CPIERiEB e RUNIE42p(B) <
VB < VI N EE A
A e B3 AR 2 4518, S (10) T ik A
TP, < I,
KTATA K, < 01,
2F 0 < o?1,,
KK, < 3°1,,.

A DT, m x mdE A .

AR, R T RA DT K, RKESVE %
TRk ar ge . A D SR FERR A LMI il 4T
PE i) R, B SH5 s R BE A S R (X)) < 0, £
B EAAEFPEX, A F(X) < /oL, #HA7AEIX
FEIIX, WA LMUE 7] 47 1, 5 % ZHLMIEE 2 A
AIATI. H AT, ST B LM, SR g AR
M, 0 AR BETT VA R AR — A ) R AR
Je K A AR AT S SR AR, AELMITE 2 R
fif 75 T, MATLAB T H A 1 (I LMI T 2 AR = 51 22,
AL % D R O 2 A LMIR fif 2% K LMI ) 5
HEAT B R AR

AR SV RKFSVE IO 3R P 72 10 1) el i
VR g TR R S0 R G AR A T ) B, FLBOR
TG RE AT (B S G R A Y PR
2) B RUSR I 3) Bk, HMERE e A3 NS
oo, Wb TR EES 4) wE R3S S 40—
4 /i E(Simulation)

AT AT SCHR (107170 32 H 1) BE AL 2k 1 455 AR Ok
I UFRKESEE R TERE, R, 20 HrKFE . Ho o KFE
PRUOTRIRKEFSL A AE Al V1 2R Gk 28 07 1 0 22 5. 45 1L
i, RGN
0.5079 0.7594] [0.4921]

Tp—1 Vk—1,

Y

Tp—

—0.7594 0.2801 0.7594

(12)
R vy, wi T Z2 1521
DI, X FRESER UL, HSCMBE A 2Q, R
B4, TR 7 %Q, RAQ = 10, R = 0.1.

RGEMYIUE FLIRE T 2y = [20 10]F, WI4H
REMHEI T = [19 11]T, PIHIRSM TR E
P75 ZE R B A

10 0
0 10|

PO -
RKFS5H, 2800, o, B HIBERKEH L IS
T EFUR AL TR Z P 7 Z 5 BE R B AL, AR5
W, 028U 1.0, o2BUN 1.0, B2HUCA1.0. RKEFIAHITH
HRAE R 1R,

& 1 RKFHF- &t fafe
Table 1 Implementation paradigm of the RKF

D #lhtkzo, Po;

2) iz, = Ap 1Tg_1;

3) Wy, = Hyzy s

4y HTRADIEE,;

5) WiE, = T + Ky (v~ )

HRKFHL I « Hoo K515 RIKFSL 15 43 5 14750
RS R AT I, U7 LI [ ONT = 508, Hoh,
KFSLUE 50 8 FQ, RFIQ, RULAT 6 I 57, B &

‘ ~ 0
& MW 2R SR K, = #
PFRKESLIE Ry I 388 25 0 5 4y K, 0.3800 , R

G BLIOIRAS 5 ST A VI 4ot O 22 0 T 34 (AR Ak ih
2 TR E 2 TR,

M EANE2, 0] LU B 1) RKFEEX RGAL
R TR ZELE0.8 m 2247, W ARG E Al TR 2
TE0.5m/s ZoA7; 2) RKFSE VLI P8P RUR 5 e s 451
FEME LRI I KESVE (1) 98 9 R AH ;5 3) RKFAVZ:
) I8 2%k S W SR T M S 4 U A M R s PO KRS
1L AH  KFHEL I 383 30 4) Ho KFE L 5 g s
ST R PE AR S I KPSV I P s R ek e,
WG] DL, 6T S S R I AR SN R 4, RKFAVE IR
Refs AT R AF 98I ROR, [, 17 3045 R PRk
AR ST RS 43 BT 45 18 A2 IE A ).

2.2 T T T T T T T T T
18 f i W A R
o L4t g
= ' o A P B
= e - \ \
== 1o ke % ".r Ly “.," \ !‘\,—"" % =
= O F% mea 1 ' d =
‘;;j N, A " ! = “‘-h..,
L 1
0.6 W"{-
| 1
1

0.2 L 1 L 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
tl's
— RKF * KF£=1,R=I
- KF 0=10, R=0.1 --- H..KF

1 Gty Z0 i 22 1 3 {8 h 2

Fig. 1 Absolute mean error of x



%53

3 SCAE W SRR R NI P e R R 2B A B 697

Ak w2z / m

0.3 ;

1 1 1 L 1 1 L 1
0 5 10 15 20 25 30 35 40 45 50
tls

— RKF * KF 0=1, R=1
------ KF 0=10, R=0.1 --- H.KF

B2 gt 40000 fin 7 S A 25

Fig. 2 Absolute mean error of xo

5 45 (Conclusions)

A ST R W 7S G v PR I BE AL 2 M R 4
FRKFSE Bt ) @ AT IR ABEIE. B 58, $2
B TRKESVE Wk 5 0, JF 00 T iz &
PR, AR5, Wt el i e RKFSLVE B vh 4 - 384T T
RN, e A AERKFE LB U] 1) AR 5 48—
HLMIP) AT 2 AR, BAR, A7 %A LMIAFE (R n]
AT A, WO JIT e T PR DB 3 BR0025 00 S RS BRUAS R 47 (1) g
WA e, ASCHE T A% A LMI W AT il Bt
T FRKFHVE, JFa 7 5o 7 HA N, 1 5
RIN, ZRKFE LI RE % IS R s 3O, 15
TLE5 R IRER AR S B 2 Hr 45 18 2 IR 1.

2% L#k(References):

[1] KALMAN R E. A new approach to linear filtering and prediction
problems[J]. Transactions of the ASME, Journal of Basic Engineer-
ing, 1960, 82(Series D): 35 —45.

[2] JWO D J, CHO T S. A practical note on evaluating Kalman filter
performance optimality and degradation[J]. Applied Mathematics and
Computation, 2007, 193(2): 482 — 505.

[3] KIM K H, JEE G I, PARK C G, et al. The stability analysis of the
adaptive fading extended Kalman filter using the innovation covari-
ance[J]. International Journal of Control, Automation, and Systems,
2009, 7(1): 49 - 56.

[4] JWO D J, WANG S H. Adaptive fuzzy strong tracking extended
Kalman filtering for GPS navigation[J]. IEEE Sensors Journal, 2007,
7(5): 778 —789.

[5] SARKKA S, NUMMENMAA A. Recursive noise adaptive Kalman
filtering by variational Bayesian approximations[J]. IEEE Transac-
tions on Automatic Control, 2009, 54(3): 596 — 600.

[6] DE SOUZA C E, BARBOSA K A, FU M. Robust filtering for un-
certain linear discrete-time descriptor systems[J]. Automatica, 2008,
44(3): 792 - 798.

[71 KAI X, WEI C, LIU L. Robust extended Kalman filtering for non-
linear systems with stochastic uncertainties[J]. IEEE Transactions on
Systems, Man, and Cybernetics—Part A: Systems and Humans, 2010,
40(2): 399 - 405.

[8] XU H, MANNOR S. A Kalman filter design based on the perfor-

mance/robustness tradeoff[J]. IEEE Transactions on Automatic Con-
trol, 2009, 54(5): 1171 - 1175.

[9] DONG Z, YOU Z. Finite-horizon robust Kalman filtering for uncer-
tain discrete time-varying systems with uncertain-covariance white
noises[J]. IEEE Processing Letters, 2006, 13(8): 493 — 496.

[10] SHEN X, DENG L. Game theory approach to discrete H filter de-
sign[J]. IEEE Transactions on Signal Processing, 1997, 45(4): 1092
—1095.

[11] PALHARES R M, PERES P L D. Robust H., filter design with pole
constraints for discrete-time systems[J]. Journal of the Franklin In-
stitute, 2000, 337(6): 713 —723.

[12] LIANG Y, AN D, ZHOU D, et al. A finite-horizon adaptive Kalman
filter for linear systems with unknown disturbances[J]. Signal Pro-
cessing, 2004, 84(11): 2175 —2194.

[13] XIONG K, ZHANG H, LIU L. Adaptive robust extended Kalman
filter for nonlinear stochastic systems[J]. IET Control Theory & Ap-
plications, 2008, 2(3): 239 — 250.

[14] LEVINBOOK Y, WONG T F. Restricted risk Bayes linear state esti-
mation[J]. IEEE Transactions on Information Theory, 2009, 55(10):

4761 — 4776.
EH @A
FH#HIC (1979—), B, YHIE, 4+, FENHEE S LI B FEL

ARG BAWARGE LEALERR M EATTT, E-mail: wangjianwen-
7921 @sina.com;

BlgE  (1981—), I, W LIS, B E N AL A RS
4%, E-mail: sleepingshui @163.com;

Z I (1972—), B, MU, W, SIS AL A
2% HUBUES BT 9%, E-mail: cpld2002@sohu.com;

OB (1971—), T, EIEER, T, 3RO L R
% Z R R G, E-mail: zhanghui_nudt@ 126.com;

LR (1966—), 55, B0, ML, AT AN NRLE .
T AMUR G5, E-mail: mhx1966@163.com.



