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Abstract: An improved divided difference particle filter (IDDPF) is proposed to improve the low accura-
cy of state estimation and divergent tend problem which may be caused by divided difference particle filter
(DDPF) in the condition of the non-stationary non-Gaussian measurement noise (NSNGN). The IDDPF
algorithm adopts Gaussian mixture density function to approximately estimate the measurement noise, in-
stead of the Gaussian density function usually adopted in DDPF. The noise parameters are estimated by
maximizing the log likelihood function of the measurement noise model. The model is then used to calcu-
late the particle weight, which avoids the particle degeneracy problem. The IDDPF algorithm is tested by
establishing bearing-only tracking of underwater target under the glint measurement noise background.
The results of 50 Monte-Carlo simulation experiments show that the IDDPF algorithm has the advantages
of fast tracking response, high estimated precision and robustness, etc. under NSNGN background.

Key words: control science and technology ; non-stationary non-Gaussian noise ; divided difference parti-

i B 20130806

E€WA: HEALKRERESTH (£091002/50979017 ) 5 2 H ¥ S 2 B 25 RL i T IR 4: 701 H (20092304110008 ) 5 H e i
BEEABIIIY 55 3% % Wi (HEUCFZ 1026) ; M /RUETTRHE BT AA (TLF5 2R 3 ) BF5E L0 (2012RFXXGO83 ) ; 2L i
B 2e L 75 AA 2R3 H (NCET-10-0053 )

EEE N EEM@(1971—), &, ¥, B4, E-mail: cctime99@ 163. com



47

AR AR a0 D0 P 2 et 22 k1B B A ST 1033

cle filter; Gaussian mixture density function; underwater target bearing-only tracking

0 3|5

et R GRS TG THE B AR ERER | S0
T AF AP Z R AR E A BN A X
TLMRYGE, Kalman I8 ARl 1) B0 5 P8 7
L0 T ARG R G, A — A e A
BT R M, AT H TR Z )AL )
ik, o EE AR YR Kalman €% (EKF) | Sigma
M, Kalman JE0% KL T8 U7 (PF) M bk Jr i 0 ede ik
RIF A

EKF K¢ H: ok A (Gnsi iR B EKFD 350 EKF
(IEKF) ™)) {4 35 B 2 v %o i A E 2 vk R e mt, Al
TIRG BE T B ™ E R AR EE 2= & HL, Sigma # Kalman
PEP AL FEAY T Kalman JEJ% (UKF) ) 25
JYUEDE (DDF) " SCHR [ 7 — 8 BT % W 7 AH 56 45
T UKF JEB R I 4 T —Fp 2k B il R
S UKF &3k, ¥R T UKF B0 vl S
BRLO T4 T UKF AUBT I8 55 AR G b i ke 1 5
TN 75 AT €01 L T U U A% R AL [ R, L8R UKF
FRAH DG SCIR A T AR 247 B I B AR, H 2 Sk
[10 - 124811 UKF MUK 2 2% T DDF Hit%
2R EINS = T DDF. SCHR[ 13 176 SCHk [ 6 1 19 LAl
R T RS INTERERS B DDF. SCHK[ 14 3 H—Fb
AR UE D (IDDF) 53k, BLO5 B AIE T 76 3 AR £k
PERGEW T, IDDF M TEKF A% B v a9 £ s, SCiik
(157 48 8 3L 7 i R ISR 09 2 AR 25 0 08 O 4%
(MLIDDF) , fift g T AR £k Pk 2 G R A8 11 B ) s Al
THRZERK H I P B A AR BT B I8
FEEEARAY A, SCHEk[ 16 ] $2H T—Fh HA & # bk
fR) 38 I 22 7 I 3% ( ADDF ) S Ab B A AR R
ZMHAELMER S,

PF J& 1 Hammersley 55 F 20 4 50 0K B
FedE BT DL B SR AR Al T I 8 2R AE (SIS)
UEHEAE, JF B Gordon 45 T 1993 AFE4 B iy 2 T
SIS A9 Bootstrap JRLR Mg P LT SCHk[ 20 -
21 142 R H] DDF Bk ke 7= A o3 A B 5
B, B 2E40 610 % ( DDPF ) B 8:, k3% T PF Bk
ARG BE . SCHR[ 22 - 26 ] Hols PR H A% i ik
LA N T B AR R EE | A S HLAS T A
W, IR A AR R PR e i B B AT
U (R B SR 1

BEXT PF B85 0 45 b S0 7 12k i AN BB 58 4 A AL

Hff ok TR A6 S B Ak i) A, 7E AR B A AR R
JE = TR (NSNGN) REERT, bR UE 3 7 i ks &
ANEELREATRE R, AR N e T 5ok AUE
BF T FH R AR 8% pR BT 245 B E A i 3, SCRik [ 27 ]
FRS IR 25 SIE I T LUK pR A PR RN TR B 1Y
SEM AH AR 25 H ALK pRECE R A A TE AT 7

g, A SC KL T DDPF O ik 5 R0
NSNGN il & W 75 45 4 5 el i DDPF (IDDPF ) 552
BT %t NSNGN Z514F T DDPF B A7 7E UL Sk s B0 5
AN TEH DT 5 350k 1R Ak R 2T A e Ay e i, (AR
ARG AN R L 2 R W IR A, et E T T B R R BSGE
RIS Ty 2, B SRR TR F AR b B4, il i
Monte Carlo 15 B 52 56 X5} Fb 56 31F 12 U8 I 38 v 19 A 31
W B TRk

1 IDDPF Fi%ki&it

A E A DDPF Bk 45 iz A A A
F PR, o R AR AL 35 NSNGN P 5 i ¢ 1) 558 1 i
$2H IDDPF ik,
1.1 DDPF &%[HIE
F e N H R AR RN R S
x,,, =f(x,) +o,, (1)
yk:h(xk) +v,, (2)
Krfix, e R, nx1 FPRESHE Gy, e R", I mx1
AL 1] 5 o f (e, ) B b () BB AR LA BREL 0, F1I
v, N E AR AR e e A AL ) £
R () RS TN B B8 (P) B4 B B i
1T DDPF 83% , 4 F fios
I. ¥R B £ =0.
I1. ARk x$” ~p(x,),i=1,2,--N.
2. FiFoesifsa x$" Ky 2064 PO

x" =E{x{" |, (3)
PO =E{(x{" %) (x{7 =", (4)
P =87 (8", (5)

A1 .S N Cholesky 43 A 7 (FIF) o
P. RS TN K B B k=1
P1. Fj .

-’El(ci)l/k =f(£1(fi>) s (6)
-);‘lgizl/k =h<~7‘?£i>)s (7)

i 1 A ; A i
S =ﬁ%f(xi> +hsl)) —f(x" —hs{) |, (8)
P/i?l/k:S.ié)(Sié))T+Qk, (9)



1034 2 X & %K

935 %

P, =80 (8 )T, (10)

AP, i P Y IR AR R

25 0] 8 TRUIMARL OR300 e e 000 1 N R 285 ) 8 L3000

(I T 25 s s =1, -

Bl sh Fm A Q, Fomid BB P 2201
P2. BT

Sy('é) {h(xlm-]/k +hsx ) h(xk+l/k x_'m )i
(11)

P =8P (ST, (12)

P(}L+1/k_S ”(S“) (13)

Kk+l _ny,k+1/k<Pw,k+1/k) (14)

Fly =+ K (- h(E)) L (15)

Pl(ri+)l :Pl(ra-)l/k _Kl(rijlplsli%k+l/k(Kl(;[+)l T’ (16)

Kb Py TR 5 22 P, AR
AU 220 K, R UE I 3 s x ) AR
RS P IR Tl Iy 250

P3. fliFERL T

()NN(xH xk ,P()) (17)

P4. ﬁﬁ*ﬁ?ﬂﬁw K —AUA o) .
D=p(y, Ix Mol (18)
w,L =o' / Zw(”. (19)

P5. ﬁ;%%iﬂi ﬁn%(zvﬂdvlh) P AUE E
FEEN o =N 32 M ERE A {7,

o) L BB TR B p (x,0y,) RIRS
ﬁifr %, BASHIIT 2HE P, 43

p(x,/y,) = Z w"8(x, -x{"),  (20)
- Z wo'x(", (21)

=1
P = 2 o (x, -x") (x, —x")". (22)

T Wma i 3R DDPF 892 F 47 7 1 n) £
ARG SCHik [ 28 1, 25 H AN 2514 M K 5 B o 40 e
.

EX XN TFWAEAMHEH YL & X Y e

R', (018 Z N B2 M. Z =X + Y, W ST R 5%
PREL pyy (Z/X) 5E LN
pZ/X(Z/X> PY(Z X). (23)

M4 2 S, BB T RUR R p (y, 1 x7) FIEL
FRIRA R
p(y1x.") =p(y,

~h(x;")) =p(r”). (24)

-n RONHF SO

f£ DDPF S8k rp, il (17) 20, (18) AT A1,
Py 1x") ~p(ysh(x,) ,R,) , BIEBON & S p,
MRMIIE S 0 P22 R, A = 307 F e 7 | 1 S P
IR p, Sy NSNGN, 3 A i) 5 0 75 41 15 1 5
$30 DDPF 5k vk T AUE ™ 1B 1k, DT A0k
AR R B A IR 25 1T i i 0t B

S 0 W 7 R NSNGN |, Ho 25 8 bR 8 p (v
eI RGO B RO 358, HRE FHIE L 1K
fif, T HE L NSNGN 4 e 7 i S 5000 LA
T, BT S E0E U 07 2, 32 IDDPF
k.
1.2 NSNGN =S # 4t

R o, 4 NSNGN M7 751 | - 5% FH s 7
IRGE B R BUM LR R IE , an (25 ) R, A
AR SRR B — I 205 5 N U R i L9k
PRBION B KA ok A5

fa) = 3 pufite) =

;2:(‘) /;Tkexp[ M] (25)

K1 of (o) A AR IR B s, e
B o, SRS | A B R AL ORCE S R 7
%O

. IR B M

Zpk-lp,»o (26)

BT /l\r%ﬁﬁéﬁH k W20 R AT G A e, P
Ji 2% o, IR AR AR %5 i id
A, i=1,m, H A, BRI (27) X

}Jﬁj:
A=l ~N(w,,,00,) ] (27)
ok A, R SRy
p(AL) =pise (28)

AR DL ) e TAE 5 o BYER @ A i
PR JE SRR A, (29) SUFR
p{f(al)l()ll}: P{ailﬁ(aé)}lj{fl(ai)}

le%az | fi(al) fpifiCal) ]

(29)

Ko, FoR b B2V G b (R BHRE AT
AT N AEAE) B2 LR

i (27) AT 50, ) W58 @ DR IE (R R

filog)) HFk A, MG, B (28) A5 (30) 2

S




557 1 B S E S B U R L Gl =0 T A -3 8= R 1035
p<Ai,k> :P{fi(ai)} =Pi (30) i Pi ;f ah 7% 4 k% (Oti _lLi,k) -0
W p o If, ()} Beplfi(a) Loy | AT435E K (ol | O '
AL sz ! sl
EATACTR :ﬁ{ail,u[,k,aﬁ,k%, (31) (40)
a0 (40) R 2 AL 2w, a0 (41) XK .
Pl e = Ll Ol )
Zplf ak|,LLk0' | ZP%f,'(Olk)'aHak
H(26) A 5 (33 —tk My = [:1,1 . (41)
() A1 (33) A i) | ol
ZpaMY%H (33) B o2, 3B R 2 (42) U
. kHT;UEﬁ%ﬁP Mg Koo, ,rl_Ji{JﬁklZlﬂE/JX]L ip{fl(aé) | ai} %ai _Mi’k}z
BRI TR 302 B LR L8 B I il o
RIS EHESR L B0 S T, % | $ o1/ (el | ol
J2 DR R RUR RS X5 B0 KA T I AN AR AL SR pR R L3 IDDPF =1

(A B [ A7 8 J A T 2R e S B, h 53¢
HR[ 29 ] AT AMBLER R B X BOE 0 (34) s

0, = gf log, i pi,kfi%aillu’i,k ’O-i,lc} -
(X pu-t) (34)
FR A pRESCR A KA IR B 265 0 A v 3 4 4 A A

T p,, T (35) #ok %
a0,

o, =0. (35)
(35) ARG EE (36) SRR
LQ/;_ N ﬁ%aﬁclﬂ‘i,k’ai,k} -0
a 'k_ 1 - 1 e
P Zpi,kfi%akllu’i,k’o-i,k}
(36)
H(32) XA (36) AL
zpf(;k)lak€ —n=0. (37)
JEIF(37) A n 1% p,  WIERZILA N
Pt = ; pifi(e) eyt (38)
[F) BEAHT(39) 2K w, -
a0,
=0. (39)
O 1
(39) X EARIE A
a0, B
aﬂi,k—
(ai_ _/-‘ﬁ,/f>2
exp{ -~

0 [ 1
Pik
n a/-Li,k \ /2770-?,;;

!
Pi,zfi { a, | ik s O g

i=1

IDDPF B LA AE U T s
FIF DDPF Bk A &R 105 5, B

{xl.} =1 —DDFHxA l ;]’ykJ; (43)
fori=1: N;
Eﬁ%ﬁﬁ?
O~ NP (44)
ﬁ%ﬁ?ﬂﬁ
o =p(y el =p(r” ), =
S Lk Vi —Hui
o B
HT(38) 30, (41) 30 (42) ACRAM K SEL
end.
A— A A PR E R AR R A (17) 20 ~
(20) 7R,

£ IDDPF B3 THARL - AU{E B T H 38 1) Mg
PR p (vl ) FH TR A% B iR BT AN S
Hir RO I U A | B4 T I B S A R MR R R
AT —E R bt Tk iR 1k,

2 MEZREERSH

N T BUERTR Y IDDPF 40k A7 Rk, A5 4t
XFAKR HARGE T 7 Ff BRI X — LR AR S R S ik
17 Monte Carlo {/j 5. 54347, 314 IDDPF 5 DDPF 7
15 BRI LG S5 A AR R B0 T 64T T HEREXT EE . Hh 5K
PR R A AR AT AR ER 52 B K 2 43R Y
S L) e M 7 S N R L R TR R T AT
g R BT LR ELA K R AR R S5 1) DR Mo g
RAR A AT AL /R KT 7 40 B g g 0
2.1 KTERA&HUARIERRGEE

T R AR R AR SO AR A AR B R R K



1036 —r&:

X &% #®

935 %

T HARERERRIT,  HARERER 2R G IE SR )
LR x, = [y, %, 7 ] Gy ) RRHT K
2] H bR 5 A g AR (7, ) 7S5 & I 2
AR U
ARG HX B SRS TN

x,,, =Px, + Cw,, (46)
K@ J € pPIREHBIERE ; 0, 91 2 FBHP)
TS AHSCSHERR I T B,

—_
1 0 T 0 2
01 0 T 2
@- c=|T ol
00 1 0 2
00 0 1 0o T
L0 T
E{w,} =0, Elo,w| =Q {0'01 O}
w = w, 0 = = ,
k ’ k k k 0 001

(47)
Kb T N RGERFERIE] BN T=1 s
FH T BRI 2R GeASCHE I S FA A S I i, T LK
WL 22 58 5 RN
y, =arctan(y,/x,) +v,, (48)
b MR v, S IRPRR S
FRAESCHR[ 31 ) HEN7 w, (HE535 B pR B Ly
p(v,) =(1-¢)N(v,;0,R,) +&N(v,;0,kR,),
(49)
Ko =0. 156 =1000; Ph 7 25 R, B4 FL A
(0.1 xm/180)° #](0.2 xw/180) %, W 1 fi/R

0 200 400 600 800 1000
{5 BT A] /s

BT INRRRRS v, RRAE TR

Fig. 1  Characteristic curve of glint noise

2.2 Monte Carlo (FELWERE DT

i MR R X 5 S A1 2R AE S KR H AR,
FE YR 65 FE I 2k 7 v S AR T AL B, PSR
Bz g, Hir A9 G s s RS mk 1 i
N o

*1 ERAFeEsi kA EE

Tab.1 State settings of target and platform

KF Hbs FATH
WA AL E/m (500,3000) (500,2 000)
HIARTEE /kn 7 5
BRI/ (°) 135 30
HLBl g AR LA B 1t 360°%4 1135 3h

TE U8 A% W 5 58 I BCE WD AR i 2 B bn 5
SIS B AR ST BE 2 ry © A1, B bR BE R A, w14h
B 2P AR BRI LRy, 2 M =1y, T8I 45
REVIE x, KW Ir 288 P, 4 3140 (50) =X,
(51) 7R

ry Xsin y,
X, = ry Xcos Yy, ’ (50)
-1.5 xsin(mw/6)
-1.5 xcos(m/6)
M 0 0 0
0O M 0 0
P, =0.01 x . (51)
0 0 100 0
0 0 0 100

FE L IRWIIG 551 T WA ST B Y IDDPF 5
DDPF .35 37E4T 50 YK Monte Carlo 7 ELSZE X 1L, 15
ELRHE A 1000 s. &2 R X-Y Ak bR 2R 690
PREFEACR ] 3 A AE XTI B R SR 25U R i £k I
4 ~ 7 43 T A 0T ) A R R 25 i
2., mE 4 KE 6 &Rz MZ ] LLE ), DDPF
P ERE M2 K, K S X E 7 o DDPF 3 B IR B
R AW ST B AR A B0 3 B AE, 1T IDDPF 5592 U] fig
A v b R b, LA R IR R 25 /N

35
3.0 Hbr
\\ P&
2.5¢ . —:=--DDPF
\ ——=-IDDPF
20t
0 O N
= 1St \
N
y N,
1.0 \\
05F N \\
0 05 10 15 20 25 30 35

X/km
K12 IDDPF f DDPF fy{ir B B it 2%
Fig.2 Position tracking for IDDPF and DDPF
T TRANS HL P AR I8 B 5 B TERE , 2050 45
XY J5 ) A S R AR 22 (RMSE) lf 5



SRAE T it 25 4 T I B g 1037

557 AR A e S ) e
3
@{ 27 ~*~ "~ DDPF
i — ==~ IDDPF 4
ﬂg{ 1 \..___ l;,
£ e Y/
1 Il 1 y 2
0 200 400 600 800 1 000
s A Tal/s
(o) HX S
(a) Relative distance
100 N
g 1 LI‘\‘\QL
M S0t i w ol \
i o &}W . -
N WY . .
% 50 ! 1 L L
0 200 400 600 800 1000
D7 ELA ]/
(b) R
(b) Relative distance error
&3 REXTIE B B M iR 22 i 4k
Fig.3 Relative distance and tracking error
2 w
— B#»
= R Al
Egi 1~~~ IDDPF
E= .Y
g 1 1 1 ;‘// 1
0 200 400 600 80 1 000
(EANGIE
(a) Xh (L E
(a) Position along X-axis
30
E
W O20;
X ol T boi gz gt g 3
B e gt s S AR o e
% 10 I I 1 1
0 200 400 600 800 1 000
Y EL IR/
(b) Xhhsr B 59

(b) Error along X-axis

Bl 4 XS0 IR M R 2 i gk

Fig.4 Position and tracking error along X-axis

Mgk, sr Bl 8 (&9 i, BHEA A F B
RO E AT, IDDPF 2t 7775 ) RMSE 1R 255/ |
BEEREEE m H, IDDPF Y RMSE i1 £k 3 3 %%
/N, BB HAE ML T DDPF.

3 it

ASCHEH T —Fh IDDPF 55k, BRI T
iR & 5 B pR RO ARl e BT M A S R T
ALLER RS X6 B8 i R AR Ty 12 W ABE B S B e A 7 oK i
AR T H TR BB AN IE i T 3 B kR Ak
(PR, 5 S P A T DA O T e P 5% 2 T K
T EAR 4l 5 7 A BREE (R 3, ¥% IDDPF 5575 5 DDPF
BHAEXTEE,50 YK Monte Carlo {75 H. 52 56 45 W FE 0 |

1
3
3
9

X/ - s7)
9.1
I
I
1
5
=
o
€...

.

0 200 400 600 800 1 000
{5 B 8/
(a) XAl 28

(a) Velocity along X-axis

. H [N [
- L B < A .
- . A BN P et oo, Nio b
0 R/ 2 A v TS A Bl 4V sn AP Fan i s sty
‘-:'-\"',u-‘,s..g - .: - . [l .‘:":“: \:::.k':“’&
e N - va s

X 1R I% (m - s7")
|

0 200 400 600 800 1 000
Py ELm ) /s
(b) XARlE IR
(b) Error along X-axis

KI5 X il B2 B R HLi 2 i 4k

Fig.5 Velocity and tracking error along X-axis

2 g
£ — BHi7
ﬁ [\‘ ====== DDPF
o1 \ === IDDPF
< DN
N
% TONY -
D&
0 200 400 600 800 1 000
D7 ELIN A/
(a) YHh{v %
(a) Position along Y-axis
£ 60 -

40 N [“Adprrsd

o £ ok

201 gt

Eos LN i

?ﬂ? 0 :;ﬁhr'?“wpth—vﬂ“.ﬁg?ﬁ ;.,_?._T..‘:_‘F_ra

~ -20 v 3 ! I I L

0 200 400 600 800 1 000
fr Bt )/
(b) Vil B iR

(b) Error along Y-axis

Ko v e i b o2z ihk

Fig.6  Position and tracking error along Y-axis

IDDPF %7k HA SR Y B ER R 57, RMSE 42343 Hr
RIS UE 1 B4 3 HAT B A TR JBE e — € 1Y
B,

£ 2 3Lk ( References)

[1] Daum F. Nonlinear filters; beyond the Kalman filter[ J]. IEEE
AES Systems Magazine, 2005, 20(8) : 57 —69.

[2] Bar-Shalom Y, Li X R, Kirubarajan T. Estimation with applica-
tions to tracking and navigation[ M]. New York: Wiley & Sons,
2001 :157 - 163.

(3] JEZME M, AR, —Fhali 2 ot 7 iy e R
IRBURHAT]. AL, 1991, 17(6) :689 —696.
ZHOU Dong-hua, XI Yu-geng, ZHANG Zhong-jun. A suboptimal

multiple fading extended Kalman filter[ J]. Acta Automatica Sin-



: 3

& %K

1038 5535 &
= 4 . 100
kb —_— =
S 2t - Hbs = | L DDPE
<, DDPF 2 ol — ——IDDPF
B ) ™~~~ IDDPF =
S T 5 oAV e i
-4 L - - L e 2, PN s o e e e e e W e W
0 200 400 600 800 1000 0 200 400 600 800 1000
i AR TR/ 1F LLAR ]/
@ Vil (a) Vih{s B RMSE
- (a) Velocity along Y-axis (a) RMSL of position along Y-axis
) 3
I . o -~ L ) fol
;ﬁ 0 -;.e«..»-qvv\~'a--\\w\.-,-ér5'~(—Fﬂ[,*ucvﬁ*\bf,*\w”v‘ é 2 : L
i ’ ot
§ 2 L I L I \ﬁ _f jrvs y L * .'/
g - - KA A S APV A Ly A et ARy o AN
-~ ¢ A 4085351’[‘&!300 200 Lo 0 200 400 600 800 1000
A /s
- f ELmITa)/s
b) VEliEE BE DR . .
(bg J:]rri?;j)nxg Y-axis (b) Vi ZERMSE
’ (b) RMSL of velocity along Y-axis
Bl 7y A R BR i M HLR 5 . . ,
M7 YRR R 9 v il # K RMSE 14
Fig.7 Velocity and tracki al Y-axis . .. . .
e cloctly and Hacking erion dlong T-axis Fig.9 RMSEs of position and velocity along Y-axis
e 80 relative noises based on minimum mean square error estimation
Z 60 G e DDPF [1]. Control and Decision, 2010, 25(9) : 1393 —1398. (in Chi-
I 40 : ———-IDDPF
s nese )
2 i e (9] EBEE, BE, WA WA GRS AELIE RS Unscent-
0 200 400 600 800 1000 ed R/RSUEPELE[T]. AL, 2012, 38(6) : 986 —998.
(AELI R/ WANG Xiao-xu, LIANG Yan, PAN Quan. Unscented Kalman fil-
(a) Xihfi B RMSE
(2) RMSE of position along X-axis ter for nonlinear systems with colored measurement noise[ J]. Acta
3 Automatica Sinca, 2012, 38(6) :986 —998. (in Chinese)
g
5 [10] Sk, 25, Sigma s R/RSUEPITERGE [ C] /2009
f_'; Chinese Control and Decision Conference, 2009 ; 2883 —2888.
= : FAN Wei, LI Yong. Accuracy analysis of sigma-point Kalman fil-
&
s O L R e D D Teta
0 200 400 600 300 1000 ters[ C] /2009 Chinese Control and Decision Conference. Guil-
Dy EL i)/ in: IEEE, 2009 ; 2883 —2888. (in Chinese)
®) RMg)F) Xfﬁ})i@%‘RI\IlSE Yoo [11] Lefebvre T, Bruyninckx H, Schutter J. Kalman filter for nonli-
) o or velocity along A-axis
near systems: a comparison of performance [ J]. International
18 X Al S5 RMSE Jifi 2% Journal of Control, 2004, 77(7) ; 639 - 653.
Fig.8 RMSEs of position and velocity along X-axis [12] Dunik J, Simandl M, Straka O, et al. Performance analysis of
derivative-free filters[ C] // Proceedings of the 44th IEEE Confer-
ca, 1991, 17(6) :689 —696. (in Chinese) Decisi ic | Seville. TEEE. 2005. 1941
ence on Decision and Control. Seville: s : -

[4] Gelb A. Applied optimal estimation [ M ]. Cambridge: the MIT 1946
Press, 1974:567 —590. i

(51 Julier S J. Uhl 1K, D I h for filt [13] TLee D J. Nonlinear Bayesian filtering with applications to estima-

ulier S J, mann J K, Durrani . A new approach for filte- ) o o
ring nonlinearing systems[ C] // Proceedings of the American Con- tion and navigation[ D]. Texas: Texas A&M University, 2005.
irol Conference. Seattle. WA -IEEE 1995 1628 — 1632 [14] Shi Y, Chongzhao H, Liang Y. Improved divided difference filter

[6] Norgaard M, Poulsen N K, Ravn O. New development in state es- based on Newton-Raphson method for target tracking[ C] //12th
timation for nonlinear systems[ J]. Automatica, 2000, 36 (11) : International Conference on Information Fusion. Seattle, WA:
1627 — 1638 IEEE, 2009 ; 2068 -2074.

[7] EEE, Bk, Bo®. MAMXELMT Unscented 4R 5 & [15] Wang CY, Zhang j, Mu J. Maximum likelihood-based iterated
W[ J]. BHIIE SR, 2010, 27(10) 11362 — 1369. divided difference filter for nonlinear systems from discrete noisy
WANG Xiao-xu, ZHAO Lin, XIA Quan-xi. Design of umscented measurement[ ] ]. Sensors, 2012, 12(7) : 8912 -8929.
Kalman filter with correlative noises[ J]. Control Theory & Appli- [16] Subrahmanya N, Shin Y C. Adaptive divided difference filtering
cations, 2010, 27(10) :1362 —1369. (in Chinese) for simultaneous state and parameter estimation[ J]. Automatica,

(8] ZEBAE, BXHE, WER. BT /Dy MR 22 Al T i W 7 AR G 2009, 45(7) : 1686 —1693.

UKF &1 [ 7], #H5%e3, 2010, 25(9) : 1393 —1398. [17] Miele A. Optimal trajectories and guidance trajectories for aircraft

WANG Xiao-xu, ZHAO Lin, PAN Quan. Design of UKF with cor-

flight through wing shears[ C] // Proceeding of 29th IEEE Con-



47

AR AR a0 D0 P 2 et 22 k1B B A ST

1039

[18]

[19]

[21]

[22]

[23]

[24]

ference on Decision and Control. Phoenix: IEEE, 1990. 737 -
743.

Gondon N, Salmonod D. Novel approach to non-linear and non-
Gaussian Bayesian state estimation[ C] // Proceedings of Institute
Electric Engineering. Michigan: IEEE, 1993,140(2). 107 -
113.

ARAET. BRI RN [ M. dbat Bl i,
2010.123 - 135.

ZHU Zhi-yu. Particle filter and applications[ M ].
ence Press, 2010:123 - 135. (in Chinese)

PR I R I SR A a3 4 R I L g ]
K24, 2008, 42(4) : 409 -413.

SHI Yong, HAN Chong-zhao. Particle filter using second-order

Beijing: Sci-

central difference [ J ].
2008, 42(4) : 409 -413. (in Chinese)

AESL, XEY, MR AE. BT B 25 (A U I R U B
SERTIEL)]. RSP, 2009, 24(6) : 907 -910.
XIONG Jian, LIU Jian-ye, LAI Ji-zhou. Improved particle filter-

Journal of Xi’an Jiaotong University,

ing algorithm based on 2-order interpolation filtering[ J]. Control
and Decision, 2009, 24(6) ; 907 =910. (in Chinese)
RUNE, ERR, BRS4E. BTG Bhattacharyya 78 RL
TUEMANSEIRER L [T]. 5 5UR, 2012, 27(10) ; 1579 -
1583.

ZHU Ming-qing, WANG Zhi-ling, CHEN Zong-hai. Modified
Bhattacharyya coefficient for particle filter visual tracking[ J ].
Control and Decision, 2012, 27 (10) : 1579 - 1583. (in Chi-
nese )

Hhlj, BRRAE, ZRAF. —Fh-RIR SIS BT IR NS &
PR UE B TE [ T]. P2, 2013, 41(1) ; 148 - 152.
XIA Nan, QIU Tian-shuang, LI Jing-chun. A nonlinear filtering
algorithm combining the Kalman filter and the particle filter[ J].
Acta Electronica Sinica, 2013, 41(1): 148 — 152. (in Chi-
nese)

BEG, XU, BRI FET LAY GPS/INS 41& T4t
PR AR T]. Fh S, 2012, 27(6) : 957 -960.
XIONG Jian, LIU Jian-ye, LAI Ji-zhou. GPS/INS integrated

navigation particle filter based on structural decomposition|[ J].

[26]

[27]

[29]

Control and Decision, 2012, 27(6) : 957 =960. (in Chinese)
FRK, B, BEde. FET IR T BB TR A H ARER
ERBIRELD]. AR AR AR B, 2012, 50(6) : 1156 -
1162.

WANG Xin, ZHAO Lian-yi, XUE Long. Particle filter algorithm
based on principal component analysis[ J]. Journal of Jilin Uni-
versity: Science Edition, 2012; 50(6) : 1156 —1162. (in Chi-
nese )

MR, e, RAEJE. BT E S DR REOL AL R R
TUBWEAE H AR B ER Ry N [J]. 5 5k, 2013,
28(2):193 -200.

CHEN Zhi-min, BO Yu-ming, WU Pan-long. Novel particle fil-
ter algorithm based on adaptive particle swarm optimization and
its application to radar target tracking[ J]. Control and Decision,
2013, 28(2) :193 -200. (in Chinese)

Lichtenauer J, Reinders M, Hendriks E. Influence of the obser-
vation likelihood function on particle filtering performance in
tracking applications[ C] // Proceedings of 6th IEEE International
Conference on Automatic Face and Gesture Recognition. Nether-
lands: IEEE, 2004 . 767 - 772.

Mukherjee A, Sebgupta A. Parameter estimation of a signal along
with non-stationary non-Gaussian noise [ C] // the 33rd Annual
Conference of the IEEE Industrial Electronica Society. Taipei;
IEEE,2007 . 2429 -2433.

BRRR, T, WRE. MRS SECg M), dE S A
HE AL, 2001:157 - 163.

SHENG Zhou, XIE Shi-gian, PAN Cheng-yi. Probability theory
and mathematical statistics [ M ]. Beijing: Higher Education
Press, 2001 :157 —163. (in Chinese)

Hewer G A, Martin R D. Robust preprocessing for Kalman filter
of glint noise[ J]. TEEE Transactions on Aerospace and Electron-
ic Systems, 1987, 23(1) ;120 —128.

ZRal . AR AR RS R T EM SRk Y 22 P G I 5T
[D]. A . Fg Tolk K%, 201153 - 60.

LI Jian-wu. The research of multiuser detection based on EM ac-
celerate algorithms under non-Gauss mnoise [ D ]. Zhengzhou

Henan University of Technology, 2011:53 —60. (in Chinese)



