B3 H1LM
2009 4 11 A

I -

Computer Science Nov 2009

ETmMAEN_FKHFRBEREE

% mg],z % ﬁl
RTA 3 EHLA 25 HAZR A 3100201

KER'

B E ATRFRERAKPDEATHERAAT AATARAHLWELRBYZMWL, EdE D%
RE, B EMGEMNBEY, AR KF Rk A FTEANERBER T, SRAN R F P KE KFLGF A
FEMBY T ALEREAT AT REEAEKD F 53, AR E L EKF K KB FHERE SRS A ELE
RGP, XFFRFERES T TE, LA LFRERGHME,

X@iT Hal, AN AL, T REL, R

REESES TP273 MRARIREE A

Weighted Minimum Mean Square Kalman Filter
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Abstract In order to use Kalman Filter (KF) in nonlinear systems,a new method was proposed. Using the principle
that a set of discretely sampled points can be used to form a linear system, the estimator yields performance equivalent
to the Extended Kalman Filter (EKF) for nonlinear systems and can be elegantly used to nonlinear systems without the

differential steps required by the EKF. We argue that the ease of implementation and more accurate estimation features
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of the new filter recommend its use in applications.

Keywords Estimation, Non-linear systems, Kalman filtering, Sampling

BB EE TRRAREAKNFN TR, SRENETH
MRS B B BRI R GRS, R B R B
MBI HRENELRS . HRANSEBANRNER
BUHLRHERT, 7T LU KF Jk 4t BN Bt . Rl
MEMAT, REFSEB MM BERYREXEMN. ANK
RTEMH KFBET REELBREN T K., —MERE
MAERAEIRE RS M BB R E RN R G RREE R
B ERBHFR TN FARREE R TRRERERLR
ANBEL R AR T MIELIE,

WIFFEIRLHE R G 2B R 12 B B Bk B
EKF ®#:" . EKF B el ERERB L, A5 H KF
BHERAEKMEAER E, EKFBEEARNS A —BRYK
AL G AL TR IR MR DT, KRR ELRKLEER
3 EKF BEARE ; — B1R 250 #ETT iU PR R MK,
P BERBEYE. ASEH T —FERBNEE. L
BHRETXHE LR KF BE 8, BEARERHET LER
BB HBIFERE R R T . X WP IR R EERE R AR/
ZHR(WMMSE) , £ /B85 F — e AL i B BB I Y — AR
PUEZ. B TATRRE LAER, w2 A5 5 B I L X
AeWBARKEE ML RERRKEWE, HERITANX
Ficks JE LR R AL BT ER B L EKF R AT I

%5 B #8.2008-12-31 R4 B 8. 2009-03-05

EHIRW, XMEES TER, LA ER EKF ks
i B KPR A AHE.

1 BXHRER

X IELRE RSB A, AR T & R es
EKF RA—Br R ERFHEREEBR ML, R KFH
FATEN . UKF A BA S TIE R u s iy k18
ApestiE e EMT EM4ET, RAEEH KF FEHNE, B
FHEEELRRRTESBOFTE . ERANFENERERSR
HATM™ , Marginalized Particle Filter B UIEIEL MR
GO B R ER 4T B AR A B 43 e LT U8 I Bk i Tk
LMY, SHERPEIR S MR Y KF B, ks F i Rl
IRE B AP E T RS,

2 BEEMEARE

"WMMS-KF 8 5558 A ge/b — e, Fl Fi A R B 8l
LS R B ELR AR5 A KF BT,
2.1 BN REHEL

%t EKF &R 247, R B EKF (RERE|ET
I RIBSE, RESELESRGRFHTREL. SR
S hEEIEN, WERTETRBHRER K. HK

A ZHLARBUTE KBE (2006c13096) BE8h .

BE B8C1975—), 5, -S4, T, EEFR I A TEEE, E-mail: chenpeng@zju. edu. cn; & #(1974—), 5 {8+, BIgE, FEH/R
FENERLEE BB AS RER(1946—), 8, 8482, B4 B0, TEHRF MR A TERE . HELRE B EILBAS,

e 230 -



AR EKF Xt — B — e B iR 2 K R R Z R M SRR 301
F DA AN R M I AT R . X T B AT R AR
F HEESO BB TRAY. R —ENREE. 4
BE B R U R E RO R R BT A, HoAR FRAE B Sy 7 H9 B 4L
RSB, LA FTAR G5 R IR EKF Jr g fiiF] . Xt R T InAY
BN ZRENR/REBE WS R EKF Ik B &R %
FEGERERE . D R (2) RStk B A Romis/» "5

EAX:
Au=b 0))
AT Au=ATZ s (2>

Hep, X7 A EER, — AR R AL R
REERIE. hTHELRERBERERR, N AR K
WEGREA. HABBUERALZEBER/ N, AR R AUE dL/),
Blanxt T ALk RS

2on = fCx D) Fe =1, /222K

1+2
VABME popu—ospto 3 NEBA N FBATHRYA. 31
B AL Y 0B BB R N R SRE (I gk 1 BRFl,
£1 BEEL (DR poHE

+8cos(1. 2¢) +e,

[od X f(x) p(x)
n—o 0,711 17. 0289 2.4197
[ 0. 811 17. 5030 3. 9894
uto 0,911 17. 7682 2.4197
BE 1P, 5.
0.711 1
A=10.811 1
0.911 1
2. 4197 0 0
2‘1=[ 0 3. 9894 0 }
0 0 2. 4197
17. 0289
&= |17. 5030
17. 7682

Ko HA A AR B/ N —Fe I (D), AR UL N -
f(x)=3.6965x+14. 4479

—RP™
" i

0.6 0.7 0.8 0.9 1 L1
x

1 EKF %8R8 MELH WMMSE %8280 T EL (K
£ % WMMSE %48 Bl L B4k, B4 07 EKF %8BI

S EL)
# 2 EKF,WMMSEKF,MC X% ()5 B EMY &4
RAF
AREK EKF WMMSE-KF MC
u 17. 503 17. 4457 16. 4857
s 1. 306 1. 3666 4.8716

EKF 1 WMMSE By 52 # fL.45 B A% o o 1 B
K. EKF,WMMSE K& #i ) MC 55+ 8 5 2 05

FHHgmFE 2. k2 PEBATLIES, WMMSE 3 H
SA BB AGHITREALE , By Z MM E A R RE
tt EKF #88. ARIER.ARRES TR BERME 3
A3,

#3 ARRFEER . ARRESTBRITESER

gkl FH K p T o it
0.1 3 17. 4457 1. 3666
0.1 5 17. 4062 1. 4532
0.1 7 17. 3987 1. 4854
0.1 9 17. 3982 1. 4887
0.1 11 17, 3982 1. 4888
0, 05 3 17. 4863 1. 3211
0,05 5 17. 4595 1. 3544
0.05 7 17,4326 1. 3958
0.05 9 17. 4133 1. 4357
0. 05 11 17, 4033 1. 4649

2.2 BETmEB/N_ROBHEEE

¥ WMMSE &ML 7 R KF B84 @R8I TET
WMMSE # KF 8. B5PROT .

DIREERE A0 RMBUEREZ

DRARQ) , REBGEH A, 0] & b;

DHIEMEL -

2, =g s ) Ta~Ax, - +bte

4) A Kalman Jy 5t B4 R G k47T T 5

¥ D.

3 XBERSHH

THEH EKF OB FI8 3 (PE) FIE T AU S/ R & 4k
JitEH KF A TRI— R ERE S N ENH PSS
FHATHE, HRMTIERERS:

25x,

Lyt1 =It/2+1+1't2

+8cos(1. 2t) +e 3

2
_—
»=30 +e, W

KO EFHFHE. RWOIUEHE. HP,x~NO,
5san Fle. AHEMIHBEREFT, wo~NO,10),e~N
0,1, XR—THEATIMRSHWERIFELRERTREST,
EKF # ¥ PFEE E5#F WMMSE iy KF B Mg R
B 2 s, IS ER R 100,

pf with 2000 particles

B2 PF,EKF & WMMSE HHREZR KB (RRNAE « 8, LK
S e

HEFHE,3HERTEANMEILERER A THER
(F#:% 257 7O
s 231 o



SR AT LU VB R IE R R R e gk e s AR . BT LA, 3RAT]
REXLKEGPMAREERE, M7EE 1@ FMA Gaussi-
an B2 (0,0. 001,

i
(EXb)H# B 5 H

b

A)a)# ¥ B

(e)ﬂ))é‘ﬂgﬁ
& 11

B 11(b) % PSNR 2 30. 981, E 11(c) A 11(b) M4
Xy, H PSNR £ 35. 619, & 11(e) R & 11(b) A
Jrikeas , 3 PSNR & 25. 378, B 11¢f) iy PSNR £ 31. 135,

@F E® (b)fn R B Gk &2 T
(PSNR=30.8dB) ¥ 38 (PSNR=30.3dB)
& 12
@R Bk ORER OFRAERES
(PSNR=318dB) SE(PSNR=304dB)
& 13

B 11 A EERWAAE T EMSRIES 2 WhEA
FARHEE. AWE 11 TTH, £ K% BB R M4 B 7
FLEGTRRAEIBEA. WE 11D, &SR &
FERERGERIER T LUARMH ARG RS, 5
BT BB ARG U ERPRE NN E B, R

BEEHRREE ARBRETE, A RFRE.

o T W UEAR 3077 ¥ 4 AT B 5T A FAE o o » 5 A R LR
EBIAR KA STy 3, I 12 FE 13 FiR.

LR, R ERERENEERRERES, AR
WV RIT R G R ERARBREEFE. KT EF
SEEABIERAEER, A RSN RN EHEEERE TN
LR

BRE FAUHELBHNEARER CURAVEMWE,
WHRIF R, BRIEREE, ANIRWELFE, L ESH
BMHARERPHRE. S5, NXI R HSV s
MEABFEOEMREHEE=E, W HX MG
BRI S LY . BRI REARCLIEE
HEEBPRRFERS . RS, @ FAARBEBRRT RN
Wi & R 3 T LAGE PR B AR s AN i B AR ORI SRR B
BR, LAMERS S/ DB R E A BUR .

2 % X #

[1] Xiong Jie. Real Color Image Enhanced by Illumination—Reflec-
tance Model and Wavelet Transform{C] // International Forum
on Information Technology and Applications, IFITA 2009 Pro-
cessings. 2009:691-695

[2] George J,Indu S P. Color Image Enhancement and Denoising U-
sing an Optimized Filternet Based Structure Tensor Analysis[C]
//ICSP 2008 Processing. 2008;236-239

[3] Gonzalez K R C, Woods R E. Digital Image Processing[ M.
Publishing House of Electronics Industry, 2005, 268

[4] Jobson D J,Rahman Z, Woodell G A. A multi-scale retinex for
bridging the gap between color images and the human observa-
tion of scenes[J]. IEEE Trans. Image Process,1997,6(7):965-
976

{5] Land E H,McCann J J. Lightness and retinex theory [J1. J.
Opt. Soc. Am. A,1971,61(1):1-11

(6] Land E H. An alternative technique for the computation of the
designator in the retinex theory of color vision[ C]//Proc. Natl.
Acad. Sci. USA,1986,83:3078-3080

{7] Rahman Z,Jobson D J, Woodell G A. Retinex processing for au-
tomatic image enhancement[J]. Journal of Electronic Imaging,
2004,13(1).100-110

[8] Hurlbert A. Formal connection between lightness algorithms
[J1.J. Opt. Soc. Am. A,1986,3(10).:1684-1693

o] xREH=HHFE DL, DESFTELS5MATLAB7 LI
M. db50: 8 F Tl AR 2005:102

[10] E#R3C, %, BB R A B M. b3 BB Tolk th Akt 2007
95-104

(k3% 231 7D
FEIFHBENURR S, FTLIE H, PF BTN R 4§, EKF
Bk 58 F WMMSE 9 KF B Hiiss 2858

HRIE A UTIAT —FE TR RSB
LI HF KF RS, B TURTERHREERT
ERMSOBREEE, LREH, XHEENTNLERR
EKF #f, (HR B E EKF B h MR RS S B, &R
SEEITER RS KR E R — WS A,

2 £ X W

[1] Kalman R E. A New Approach to Linear Filtering and Predic-
tion Problems[ J]. Transactions of the ASME, 1960, 82:35-45
[2] Thrun S, Burgard W, Fox D. Probabilistic Robotics[M]. Lon-

don; The MIT Press, 2005

[3] Julier S J, Uhlmann J K. Unscented filtering and nonlinear esti-
mation[ J . Proc of the IEEE Aerospace and Electronic Systems,
2004,92(3) :401-422

[4] Arulampalam M S, Maskell S, Gordon N, et al. A tutorial on
particle filters for online nonlinear/non-Gaussian Bayesian
tracking[J]. IEEE Transactions on Signal Processing, 2002, 50
(2):174-188

[5] Schon T,Gustafsson F, Nordlund P ]. Marginalized particle fil-
ters for mixed linear/nonlinear state-space models[J]. IEEE
Transactions on Signal Processing, 2005,53(7) :2279-2289

[6] Schon T B, Estimation of Nonlinear Dynamic Systems Theory
and Applications[ D], Linkopings Universitet, Linkoping, 2006

[7] Gordon N J,Salmond D J, Smith A F M. Novel approach to non-
linear/non-Gaussian Bayesian state estimation[ ] ]. IEEE Proc on
Radar and Signal Processing,1993,140(2);107-113

o 257 o



