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Gaussian progressive Bayesian filter

ZHOU Sui-hua, ZHANG Hong-xin!, FENG Shi-min
(Department of Weaponry Engineering, Naval University of Engineering, Wuhan Hubei 430033, China)

Abstract: Progressive Bayesian methods formulate the evolution from prior distribution to posterior distribution as a
first order dynamic system, by incorporating the measurements in a continuous pesudo-time manner, to perform posterior
state estimation. The general solution of time derivative of this dynamic system is usually nontrivial. A novel Gaussian
type progressive Bayesian filter is proposed in this paper. First, the solution to this time-derivative is derived under linear
Gaussian condition. Then, it is proved that the first order dynamic system determined by the derived solution is consistent
with a Kalman-Bucy filter for constant state estimation, and the resultant Gaussian progressive Bayesian filter is consistent
with Kalman filter. Thirdly, the filter is extended to the nonlinear case and an approximate solution is derived by using
first order Taylor expansion. The corresponding Monte Carlo method for implementing the proposed filter for nonlinear
problem is given. Simulation results demonstrate higher accuracy provided by the new filter, with lower time complexity
than the particle filter at given accuracy.
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1 5|3 (Introduction)

7 3t ULk (progressive Bayesian) & 5 7£2003 4
At CLPE 1 — PR ZR M e A R ) S B AR 5
AN ZE, RO TR]AZ & AR DL Sk Ay
R GUIRAS B A48 (Homotopy) BR 4L, {8 HAEN = OFY
RSB MERRE B\ = 1IN R Ja BN 2 % B2 BlR& Nk
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1 RAFD)IT TR S f (m, ), W] ) A 5 v
3N = 10 Bm, HE T SR A S 3RS e ik &= R,
WHRTSRAR f (1, N) =& HTdE DU B 7t S A O N 25
TEIX 5, A RIE R T AT 5T # Hanebeck fllDaum
43 B H A W 207 725, Hanebeck 5 K VR & = #hi A1/
B Diracpf 124 SRR RS oA BT S 5L,
I RIS, B UAR/NSTT 2R NIk, &
SR R —P a2, BPRQ). &7
— PP AT Pk DU vk, AE R SR AN RE AR 2
MR AR FH f (g, \), BB R R 4, 5
M S . SteinbringZ5P1EE T Hanebeck AE 22, F1| F &
A Diracti A = W AR RS T — AN AR TR



1024 B of w5 N M F32E
RISV, RS S A Bt L e T HepAriA € [0,1], K(\) = fRdg(m)h(:c)Ad:z: 5

EjHanebeck /5 ¥2: A~ [A], Daum &5 68125 S fm B 2
PR R GRS, FHR S B 0H — 1 k22 2 pR 4L,
R 4 $L BT 355 /& fYIFokker-Planck 7 F£(FPE)5 %] 2%
T f (n, \) B TR T SRR, T BT R R
RZ, H 3 T FPE, Daum#i H 1y HELLELA )7
(R AN B R R P P i X, B SCRIE B, 108 A
BERENE A B Stk im0 2 A 1) DU ST AL, (FAR 4
EHERNSCEORE, MR — MR AT Bl A A
T DaumE 42 (1) JE 2 P U8 5%, DaumfE SCHER [7]H
BIRGH T f(n, \)B—Monte-Carlo(MC) Iz LA,
HEGRIS T 228, A E G IER AL, IF S HE
SETEHUE LA

AR SCAEAR V5 22 88 P 5 A v 37 0 A () L,
T — ORI A v 28 3 DL BT R UK 8 (Gaussian
progressive Bayesian filter, GPBF). 15 5 3% T-DaumyiE
BHELE, FERME R W 564 N HER T f (m, ) BIREAT AR,
WEBH 7 (1) 5 Kalman-Bucy JE 3 fif A — 2 IE
I GPBF 5 R /R 2RI 28 A 5N 1. 1dE— 0, X
ArtEi RS, FIH— M Taylo B2 H T f (g, \) 1)
—MEAMERIE R, FFEETMCH L4 H T GPBFIED
AR LI, A 7 E K GPBF S K1)k
P 210 (particle filer, PF) A1 LAY [f) JE 26 14 vy H7 Y i I
AL e T /M ELA, FF4h T AN 2518
2 a8 RiAR (Problem formulation)

BN N RSt RGURAL:

xp = a(xp_1) + wi_1,

Y = h(xy) + vy,
Ho: @, € REGKI X HIAER A 1, g, € B
m4E W W\ & BB Ha R — R R RY— R™
wy, € RUAENZPRSME S &, v, € R™ AL
&, Hw, ~ N(0,Q), vy ~ N (0, R), QNid F2k
FEPNTT ZEFE R, R WL N 7 B Ty ZEHE R, Nk ) B
F o BN R 504 (L4.d).

AR DU 0, & B ZR 25 i 36 MR 25 2 T o 4
CIE V5|

p(x,|YF) = p(yelzs)p(x,| Y1)

2
e e
HAY* = {y1, Y2, -,y } KIS 21 P332 00 B
oAl Y = [ plyddenp(ed Y de
N
ERETLRIA A HE L W Ee € RY, idh(x) =
p(yrlzr), g(x) = p(ax,|[Y*1), B2 & Wi T 1)
A1 R 2

gz, ) = =——=—, (3)

T IC R — LT, BN 1IELEH3E 1k, RIS R %L
q(z, \)E X T NI AN = OFBFIH N = 1)
HIAR AL FE R SR o0 AT . B X I R AR S e ) A2 1k
TR IR B T R
d
= F@). @)
IRZS I B AT R PRSI & ARKR, (a2, )]
A B NS 1Z S PR, R f (2, ) TEREAR S [A] A4k
A 5E X, B R R BEA IS 56 00 A 31 S5 56 20 A5 “ R
N7 HIEE. IR Daum 5 E 3 X
i =X (4) 7T 5, g, \) W 2 F 7 B0 (diffusion
term) F¥JFokker-Planck 5 7%:
9q(x, \)
Hep v - () ABEE T ARG EE RO R T
MNS:, 455 (G6) 1
(log h(z) — Ellog h(z)]) ¢(z, \) =

kAT 28R piog ) pit.
BRIS12 T AP A (. ) IIMCRUMEBLAR:

1 (2—d)(@—a,)"
F@ N> Gy 5@ e

@)
iz, ~q(x,N\),i=1,2,--- N, NN K,
NI ZF R EATE T a) g, \)RIEFHE
KH A APNE FL, HETAEZ K. b) £GE R T 1)
HeKr> 2150, o) BLUE I DA EUE LR AR E
.

U AR YRR 20 5 FE(6) T HA & T M it el sk
FEM)f (2, X)), FECAEBRRTHA S 28 B SR AR ST 2L
il
3 MR EMHET f(x,\) B f#E(The linear

Gaussian solution of f(x, \))

31 f(x, VW £ = #r ## #E T (Derivation of
linear Gaussian solution of f(x, \))

KT 26ME R G, RSB0 2 B g (e ) 3 A2 1 1T
G314 ANSRERELh () s i 2L, R

1 1 .
g(x) = exp(—5 (@ — Tyjp-1)"
(27T)d ‘Pk|k71|
P;J;i (T — Zrpp1)), 3
1

1 T
h(z) = WGXP(—ﬁ(yk —Hz)

R '(y, — Hx)), 9)
ot Gy NSRIRIEL, Poe_ NIRI T 225615,
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H AW RE, K =R AORN(3), MR STk [14]
H52-53 01 {45 0] 0 RS BB g (2, N) I8 A v a3
i, B

q(z, \) =

1
exp(_ieg\k(Pk)ik)ileka) (10)

/ﬁ\:qjﬁk“g =T — mk|k. ?ﬂ‘i%ﬁﬂq(x, A);Bﬁ‘i%)\%’ﬁ:
TR B E R AR R, B
Q("'Ba )‘) = p(xk"Yk? )‘>7
|
@ |\, Y,

Pk\k = E{ek\k ‘fk\k

azk‘k =E[x
TN Y]

TN B S E F 75 2500, Horbey, =
xr — ‘%glk‘
TELRME R A E N, Wbl FIRIEIE S f (2, \) BT
wnFEa
[z, A) = ANz + b(}), (11)
H o A(\) € R b(N) € R IEF = f(x, \), IE
BRI 6 AT, W HES N
log(h(x)) — E[log(h(x))] =
— V- f = (Vlog(q(z, 1))  f- (12)
F(9)-(10)AI(12)FR N (6) T 15
()" (Pe) 1 f — tr(A(N) =
(exp) "H'R 'y, — %mTHTR’lH:c—k
1

1

tr(H 'R 'HP},) + - (23,) " H' R Hay,.

O |
|

13)

LR TE[s"Ms] = tr(MP,,) + s"Ms, }
W sAT R SR IR &, MO AH . 4 FE B AT 5 S FE,
P, Nstip 75 ZE 50 Fe. 0 :A3)PT i 3 Lhey, . B
HEE[] = E[|\, Y], FIHMF X AR

E[Ek\k(€k|k) (Pk)\\k) 1A()\) | = A(A)ii‘k,

Elex () ]HTR*lyk—%E[ek‘kxTHTR’le]:
P)H'"R 'y, — %E[mmTHTR_le]—i—
%E[:&ﬁ‘kaHTR*Hm] =

P/ﬁkHTR_l(yk
IS

- Hizlk)’

E(f) =A\N)&5); +b(\) =

P).H'R '(y. — Hzy,). (14

WP A, Wi

A(\) = —aP),H'R'H, (15)
b(\) = —(1— )P} H' R Hiy, +
P} .H"Ryy, (16)

4—%&(15) (16)&)@(13) CIPEECE NS ¥
—ax"H"R 'Hx+
(2a—1)z" H' R Hap +atr(H R HP), )+
(1 )(ik\k)THTR_lﬂiz\k =

(ex) "H'"R 'y, — imTHTR”HahL

_ 1., e
tr(H'R 1HP,gk)+§(mg|k)THTR 1ng|k.
(17)

Bha = % R (15)—(16) AT f (, \)PELE TR 2

GRNESISawS)
Flen) = PR (y, - T2 o)
(18)
T 75 EEAE (0, 1] X 18] A RS N U (B B kAT 3R
fi, RASYEANRE/IMER £ S BT EEIT K. Al
AT R &:
ij\lkHTR*1 =Py H' OCH"P,,_.H+R)™"
19
A (X)L S50 o 7 2R R R an T "
A\ = —%Pklk_lﬂT(AHPklk_lﬂT +R)'H.
20
R4 P Ay 58 3C IR T (20), A%ﬁ?#ﬁﬁélﬂ@)
JEUR IS ST ZERE T R
afcg‘k = Tyt + (A +2X3°A(N)) -
Py H'R™' (yy — HEypm), (21
P = Pyi—1 + 2XA(N) Pyjg_1. (22)
R Q2D-2ARN16), BN TR B2
b(A) = (I +2XAN) [(T + XA(N))-
P, H'"R 'y, + A()\)i‘mkq}- (23)
Z U, (1) QOM3)EAH T f (2, N IELME = T 2%
PRSI BAK IR .
3.2 5Kalman-Bucyi I 2% fi# i) — B0 (Consis-
tency with Kalman-Bucy filter)

RN PES TR 2 MR R St
dwt F i
d r tLt T Wy, (24)

= Hyx + vy,
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Horf @ SR RLRAS [ B, FONTER T, HoOWW  QD—22) 4N = 1, 7T/
USE E, we, v, 28 A S 0 5 T R RS P =
s 75 A 75, L E[w,w?] = Q. E[vw?’] = R, T .
Pijj—1 — Pyt H' (M + R) " HPy;,_; =
H.Q, FIR A 5. -1 = Pt H(M + R) Kk
S5 T 2424 H 7 ) 22 2. Kalman-BucyJ 5 U9 (I — K H) Py, 29
DLtk RGARL T BN B il i Re,  Hob
JL T 2256 P, Ky =Py H' (M + R)™, (30)
% — Fa + K (y, — Hid), B AgJoseph - /R B A, WA
~A=1
dP, (25) Lk =
— =FP,+PF' - KRK, +Q, A .
dt i et K @ mk\kflJF(I*KkH)Pk\szlHTR(yk*Hkafl):

Kt — _PthRt_l

X} T-GPBF, MRy, AP, K 5E SCRT A1, 714 32
REIRZ(0, 1] DX 8] _E X S8 R 5, R L 25 2 O
ZIThR, 8 @y =, Px=P,, Kx=P,H" R™".
NRPART M SH, FIAA(22), 77

dP dA(\

d)\A =2\ dg\ >Pk|k‘71 + QA()\)Pk\k—ly (26)
dA(\ N

i, d(A ) vy ks, B
dAN) _ L AQTAN - AR _
A ando AN -

1
§Pk-|k_1HTN*1MN*1H, (27)

,ﬂ\:':':'l N =)\M + R, M = HPk‘kleT.
ISR T
(Z+eX) ' =Z ' —eZ'XZ '+ 0O(),

Hrhe h—EE N IES. HRCDHRANR(©26), 1hfh
7=
% =Py H'N'RN'HPy_,.

FIH A9 E B Py T AN S EG 556 08B e F
I, AT 2 AIRIA:

EBY *Kk(yk’_Hmk>7
dP, 28
= = —K\RK]. (28)

K)\ == P)\HTR_l.

Zx I, da@25) M a@28) AT e th i i 26 A T, FENIE
SRR, ST f (2, \) e — R ki R4, S
BHE A7 ZHE S T B A K HEBCRES R R
fJKalman-Bucy i€ i #% fiff & — B, X AN 4518 150 B,
A4t 1 Btk RGUIRA 7 18] s 2 e il 7 A (R
AN GG 56 53 A% B J5 96 53 A 1 — AP AR AR 2, RIFEAE:
RN (8] _E X596 /2 45 78 N SR AT T I R 3 40
3.3 5RI/R2 P — HH(Consistency with
Kalman filter)
RN TR 5 6 B A 7 22 6 . £E 5(

:ﬁk\kfl + PQEIHTR(yk - Hﬁ:k”@*l) =
Trpp—1 + Kip(y — HEp—1). 3D
AR T

P\T'H'R =Py H" (M + R)"".
F—kth, M = HPy, H". iZ3\3E S R T 1
SCHR [15].

H T GPBEXPIRA G THELEN = 1INAF 3, K,
M(29)-31) A 1, GPBF 5~ /K I #H(KF) /& —
.

4 GPBFIE £ ¥ ¥ & (Nonlinear extension
of GPBF)

R A2 ey 0 2% A R AR BT X, BRI R 2Rk 2 A1
NEEE R EA I R

f(@,A) = B(A)h(z) + u(}), (32)
Hrp: h(z) : R — R™AIELHEMN T, B(\) €
RIX™ q()\) € R A Sz TR IT. Fh(x)7ERE
TRIE L 1 A — B 22D TT, BT
h(z) = h(Zyp-1 + Ax) =

h(ﬁjk‘k,l) + J(ii‘k‘kfl)Al‘, (33)
;E\:EF'I Ax = (33 — ik\k—l)» Ax ~ N(O, Pk\k’—l)-
N aTh(w) T
Jklk—l = ( ox ) ’m:ik\k—l

NRTE B &y -1 A I Jacobianf . ¥ 20(32)F150(33)
FRNZ(12), R B3 ek g (e Sl T 15
E[f(z,\)] = PkA\le;ﬁk—lRil(yk — h(Zyp-1)),

Fla, N) = Py Jii Ry — (@)~

Jk|k_1ACC
ThEZ1TTY 4
5—) (34)

N RGHFRR NG TR, FIHAXA09), HE
=3
Pk‘k_leT‘k71 = E[A.’IJ (Jk|k_1ACC)T |Yk71] =
E[Az(Ah)" |Y* ], (35)
;H\:EPE“?&—'\%IJ%TER(:{;), Ah = h(m) — :_l}k|k:71> gk|k71



% 8 10 JE A

e T DU g s 1027

=E [h(x) |[YF 1], Fefelith, 753
J (@ pjp—1) Pop—1J (Zrje—1)" = E[ARART |[Y*71].
(36)
¥ (36)FI35 A0 FI(23), Hid
PYY_ =E[ARART |Y*71], (37)
PV =E[AzAR" [V, (38)
I
B(\) = Pk’ﬂ% 1 C),
(39)
U\ V(A
u(A) = ; )yk+ é )@k|k—1a
Hrf
U\ =NSWN P +2P{ +6ABN P,
V(A)=2B(\) + AS(N),
SN =P ,CNF{,CN),
C(N)=(\P¥_, +R)™

Z Ik, XE2)MRENEH T f(:c, ) FEARZME & 2%
PRI

I8 3 B 37T AN AT I HE = 45 R (E(20) (23) (32)
GNATHEL, AN), b(A)FB(N), w(N\)#5 RGREH
MMMETCIG. FELME/AEL I 25T T, f (2, N)#B A T
WA B () 5 A RA THE (g -1, (), Grpe—1) I
AL R, Ze /AR YEGPBFAS i LAy & —Fh
LA T8, X5 2 /AR L MEKE 2 — Er, (5 H I8
NS ECE REATEE I 5] ARG B, XS5 RR
R A L X ).
5 HESEP(Algorithm implementation)

GPBF 1) 52 S I = 243 DR PR A A5 22 2 P 1 Fof
8] B8 3BT (time update) LA &z W Wl B8 37 (measurement
update) PR 43, He i [a] 5T A R AS AR 22 R BEAK
PR TT REAERT 8] b A6 4. 25 BeskAF b — I ZI0
BB 5 B ZE R R, PR AR — AR Z MR YE R A 1R N (]
FEHT 0 BRI RS 1 W0 BT D) R FH TR 4
P f (x, \)FIL L, 7EX € (0, 1] X 18] Py 347 B R 55
SRR T e 2 R B (R UL B S AE 2 i B 2% A
T FREERE), AN = 1 BERE R ZE /- PY T W H
FEARHT HOARAF (20294 ). (HR T ARSI, B
ROLAFENT f(a, \), (3 H P AT A
AT PRI HE ).

— M7 E R R ARG AR 7K S I AR B =X,

R
Py, = Py — Wi B W
zy vy - (40)
W, = Pk|k I(Pk\k 1) .

A LN FH X (40)EAT 15 22 6 RO 1 00 6 S0, DU 23t

D
Py, = PkA\;l, (41)

UAFTR Py R B 1) — BORZERIFE. X mifE
LM T A O I (ILEE 3.3/ ). R JELR P2
T HARIER, BRI4 1) 25 BB R IE .

SEBR b f (2, \) B E SCBL TR f (2, A) Y
JURR R TR, AT AR 2 — AN B = UM S R
I (@, ) SEFR b2 B RGUIRES 25 (] 1R BEALRE
AT Bk UL B R, B 4O\ = 18D TR R 2 S5
5 (i 40 23 A1 (1) B HLRE AR, 31X {81 15 GPBFAE i i& &2k
FAMCT7 &, B BEALRE AR 1) EAT S A1,
HH T RERS ELRER ADRL 7347 A% 4, DR3BS 1 I [a] 52
AL I B R P R T SO S AR
UEEE, KA f (x, A)ﬁﬁ%ﬁ%ﬁ%éﬁﬁ%ﬁfiﬂuﬁ

Py = zAh@(Ah(i))T, (42)

klk—1 N _ -
P, = N_ ZAw“(Ah D@3
Hrp
Az = 5'31(;\)1@ 1~ Thjp-1,
AR = h(azfjﬁk D)~ Gagiet,
Yklk-1 = Z h(wk\k 1) 44)
ik\kfl = a7 Z xkl\kfp (45)

NHETFAKL @y, NN S R T i
T (42)-45) LA S A AT L IAE, 255 AR AT f (2, M) E
B, X EEANRL T AT 250 T RIS 2R A 1 — B ek
G BB KONANEUER KR, HZRS

4T Buler BBk
J(CTI:FI)A/\ (@) _ Z@Mi) + f(a:Z@A ,NAN) - AN,
(46)
ﬁq: n=1,2,0 M —1, M = 1/AN ¥ ftia

=), TN = 1519%%2‘,; Dy

Y xal), + z flain™ nAN)- AN,
m%wzna@w&mﬂaﬁ
Ty = Z 2|k1(

F BARAMCITENGPBERS Bt — AR T3 T
KN AN EE AR 53, AR FE B % 7 7 HR U =R
F(50~100) I AT 13 BT FIBCR, TEARIRDE E N i /N T PR
YRR PR AN ANFIEE — /N 0.02 ~ 0.3BP AT, it/
(250 PR B SR TR A B, T HL 2 KM g o e
BRI bR T ATRE Eiﬁ(exphcnly)ﬁ'ﬁPk‘k19[‘, AR
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32 4%

WA — AL R — E S AR, & TR
B ARL AR (161,
6 1 B 45 B K 4y Pr(Simulation results &

analysis)

NIGAE TR LS8 1A FME DL GPBFIIA R4k, A
T4 3N B S B, Bl 2 Wiener 1 2 b0 ik &
(CWPAIRTY | 2 4k JEFa e HE K (MNG)YRE R DL
IR (BOT) BT 17 5L, A1 NIELL L 1% Wiener
T2 N B (CWPAYEE Y, B T K5 5 GPBF 5 KFTE 44
B AVER R UE BA A — B0tk ; S22 T AR R ) AR AR
FE G (MNGM)RE Y, FH T X L GPBFAIPFAE [1] i 4
BORAEAAL IS FIPEBE. FLB13 8 — A =425 ] H briR
EEAE, T 5 GPBFINJE S FEFE, FEIRINT 45 H LR
LM m WrIE P AR E S 5. W ke AU e, 15 B
GPBFIF R T Hm 44100 4N, AN = 0.1. 4k, T
B R, 47 BRI R A a0 R 8 SRR 2
(RMSE):

k=1
Horb: a AR Z HFRSEBRIRAS, T 9 HARIRES AT
18, THMINE P HK .
6.1 % 5 Wiener i £ i 3% £5 & (Continous-time
Wiener process accelerate model)
CWPARRL A H AR Iid 52 BEN LI Bl 3 SR ]
BB, DAIBERLM > J7 FER R -
% — Fx, + Lw,, 47)
/H\: EP: tBﬂ‘ I‘E—IJ E *ﬂi\‘qji?é?\ rﬂ%jﬂwt = (‘/L‘t) Yt fbta yta ‘%tv
i) T, @, yo A H AR ST AL B AR R, B MR =

0 I 0 . . .
( D)L= (00 ) w o s N

RMSE = \/; i: tr[(zy — @) (@k — Tepp) '],

’ L -
02><2 02><4 IQ><2
Q. = 0.11,, W 4k = i FE e 75 . id A
1%, W@ HATE R, BRI
T, = Axp_1 + Q1
Hd: e AR ZIEARIRES, k=1,2,- -, T. @1 ~
N(Oﬁxl, Q), W%S%%%E@A = exp (FAt), D;%ﬁgm‘
J7 ZE5E R
At
Q= fo exp(F(At — 7))LQ.L"-
exp(F(At — 7))tdr,
ANEE K. LT B AR AR E U &, W
Y = Hx), + vy,
/H\:EIJXJFLIAM%EM;H = (I2><2 02><4)'
WAL = 0.1s, T = 80. JEH 2IVILE AT NN (20,
Po\o), LR GRIN ?Sivo = Ogx1, WUk 72 5 IQEPO\O =

diag{0.1,0.1,0.1,0.1,0.5,0.5}. =l v, ~
N(0351,0.01415,,). B4 H T R FHIKF5GPBFit
fT100/kKMCit 5 158 FIRMSEXT Hb. 145 1 71007
MCit & it fSRMSER 33 8 #1 b5 1 2. 2% & B 1H
KIRE, WAL %4 T, GPBFSKFRIfh11
TR ZESESEAAHF 1, LR R HO8 IR K 1 ks
FOR A . 1X 5 553.3 /NTTHIIER 2518 2 —EUT).

T T T T
——
L KF i
040 - GPBF .}
% 0351 8
< 030 g7 1l ]
& g ?
025F|* " AL
0.20 1 1 1 1
0 20 40 60 80 100

Monte—Carlo/iX

Kl 1 GPBF5KFXTH: 1007kMC1i HERMSEZS
Fig. 1 Comparison of GPBF with Kalman filter: RMSEs of
100 Monte Carlo runs

% 1 GPBF5KF#RMSEX# AR AT/ £ 24 b
Table 1 Comparison of GPBF with Kalman filter: mean

and variance of RMSEs
100/XRMSE#H.  100/XRMSEFRii 2
GPBFHUT S
KF GPBF KF GPBF
N=100,AX=0.1 0.296 0.297 0.041 0.044
N=500,AX=0.02 0.2926 0.2924 0.038 0.037
N =1000, AA=0.01 0.288263 0.288265 0.0391 0.0390

6.2 % 4 JE f& ¥ ¥ K & B (Multivariable non-
stationary growth model)

MNG i 8 & 3 2 4 Y 30— A 25k o 3k ) 7t
— AR R KA 2 4y R 1T, RANESR
RIS T B B RIS, RS IRy

i Li—1,i
xyp = ¢z + B izld +
1+ (Zl xp_1;)?

veos(1.2(k — 1)) Igx1 + wy_1,
i,  +xi,. . "
M + 'de‘, dj‘jE”EO'fl%ﬁ?

d=1,

Yk, = 2 20

X
k
7+Uk:7

20
Hord: ORGSR, o) N A i, RIERR
i SO R, BB HON: ¢ = 0.5, B = 25, v = 8; 1
HKENNZE=1,2,--,T,T = 150; iT £ 1§
w1 ~ N(0, 102I4,4), W W B v, ~ N(0,
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1214, a), v ~ N(0,1%). IREWMEz = 0.1. JEH A
WITE A NN (20, Pojo), VITERZEEFERE Pojg = 0.1. 15
FHPFRH FRT-4910000.

K2 45 T d = 10 24~ GPBF A PF 471007k
MC1i H it HE A FRMSE, 7] %IGPBFZE 100{XMC1Jji
HPBRME T HEITPF MMERE; HiRZshE
/N, PEREAR E. BE3E HAERAS4EHd = 1D Jid = 2,
4,6, --- 20/ % 4 T, GPBEFPF % % 4 100/XMC
{1i H FT £5RMSEH] i 7 4% ih £k (errorbar), & 7T 41,
TE AR (RIR TR 4 5 3 3 41, GPBF (1 RMSE H- 44/
TPF, HBEdH KRR E LT P, X5 e A
(). ARAE R (46) 1T 1, GPBFZ LU i T = AE B AR 4
R HOE D Hh RT3, A R R R 3RAS
HRAR 1) 45 L. T PRLE my 4B 15 L FIBUE A & BB
1k 181(degeneracy), 1§75 B AL AR L. HLAk, M
tiR A LLF F, GPBFE100XKMCit & 41 [\IRMSE /7
ZEININF PR, iX R A GPBF A e B 47T PR,

3[ —«PF ]
~ GPBF

. S0F 1
=
I 451
3
g a0t 1
&

© ® o
® ® @
APoR
S FR2\p @R

o\ E Dl
& OR¥T 5

30 1 1 1 1
0 20 40 60 80 100

Monte—Carlo/{X
2 IRAESHEEd = 1085 100KMC i B IRMSEZ:
Fig. 2 RMSE:s of 100 Monte Carlo runs at d = 10

80 —— 77—
70 b :SEBF
60
50
40
30
20

10 1 1 1 1 1 1 1l
8 10 12 14 16 18 20

d
3 IRAYEE G KT RMSERE AbR 22
Fig. 3 Mean and standard deviation of RMSEs with state di-

mension increament

RMSE

63 7 Ia H #5 B BF £ B (3-dimensional target
tracking model)

ARB N —AMITTE AT AR R R ) Y, H AR

SR, = [pf, CF", p o BRSBTS A

R, (LR, B H b i B hy BER S I 2

AR Yy, = [br, T Py Si] T D IR £5.(0, 0) T
BIHAREIT AL, v I S B HARIEE S, s, MR
BEAb A SR AR Ay

b, = arctan <pk2> + Vg1,
Pk
TE = \/Pk,1 + Pr2 + Pr3 + Vi,
hi = pr,3 + Vi3,
T
S = Pis + Vg4,
Tk

2
ﬁ¢wﬁwwﬁﬁ%iﬂ%pmm(9x
Vo34~ N(0,0.1%). H¥REEPRETTTEN

I, AtI3x3>

x, =TIz, +w,_, I' =
: o . <OS><3 Iz, 3

MR wy, ~ N (0651, Q), WIMIRAERIFFAL = 1,
S o R P 7 ZE R
1 1
gISXS §IS><3
Q=10- |

7I3><3 IB><3

2

His¥la k& zy = [0,0,50,5,5,0.1], IREVILH
53 A Apojo(x) ~ N (&g, Pojo), H a, = (2,2, 50,
6,6,0], Pyjo = Isxs. ML AET = 100.

PLE W B i LI T ROR I FE g
BT BARIZERAS BT, ek, A I i iR
ZEROR, T A% P B 2 4 UL ) B ok i, o 0
AR B AL it 248115 2 48 (R RS R It
I3 A IR FU AR, 38K T v 4 AR v Y i
B (FEGPBF) M PR (K R B P

F T8 LU IR AR 2 1 8 Uk 28 A 078 R /R 2 JE 4
(unsented KF, UKF), 3K 2 2 & /K B JE J% 2% (cubature
KF, CKF), PF, LA} £E & < /K 2 JIE I #5 (ensemble KF,
EnKF). EnKF— 45 /0 Fi 1 B bl 19200, {H R H56
IR B YR AR W 7 ZE 5B B (I A7 V5 GPBF &
—EU, K A % K L 5 GPBFIEAT X EL. 1 B R
EnKF FR 215 B 41000.

BIA%5 T AR LA LFR 83 2% 1100 RMC 1
H RMSE 1H 15 2| 117 2 70 A th 8. B p(RMSE) K
RMSEIMER A A % B . i T 25 ANIE R S YA R FR
TE# T URMCHT B A R KAG TR 2, R TE R 2
oA e T KA, H LR E, GPBFIFJRMSES
P ATTED ~ 100895 A, H % /NRMSEFR) H 211
H i N, HBHGPBFE K 2 50 B A AR LA H T /i
RMSE. #— M2 H 45 H 5 AN IE I AR RMSEX(E
FUBRAEZE AT A0, GPBFiR ZE A AN sh¥s) As/ . w W
GPBFE A B = A FE AAR e 1. Bk Ak v] U 2IPFALE
A b R A 22, RTHEIRT LIS PRRL FAUE L4 ™ iR

' PFRIER ISR, B WAERI 4 th, AER 2 s tH FERMSESME ANy %,
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32 4%

AT S BB K B UKEFICKEI BT 50K f et R g
7 R 2 A R DU A TR A 15 SR v AR o PR ZE K
EnKFE IR 5 GPBF— 2R F b1 Bk o 77 22 56 R, H
A _EFIUKFE J CKF AN B FE A2 ARBA . DR AE A
B PERETI S5 T GPBR

008 T T T T T T T
--- EnKF
0.07 _—. UKF
006 Yy CKF b
o 0.05 — GPBF i
w
5 0.04 :
= 0.03 .
0.02 i
0.011// . 4
0.00 G g ) it
0 50 100 150 200 250 300 350 400

RMSE
Kl 4 ZUEBAS 1000XMC T FERMSERI 3 2234 H 28
Fig. 4 RMSE distribution from 100 Monte Carlo runs

% 2 BANEE BHRMSEMAR 7 £
Table 2 Mean and variance of RMSE

TER AR 100XMCT/i ELRMSEXJE  hrifi
UKF 84.70 83.30

CKF 54.93 49.38
EnKF(N = 1000) 46.73 50.76
PF(N = 10000) 198.57 152.59
GPBF 36.98 31.65

6.4 ¥k AT B [E)(Time consumption of imple-
mentation)

Nk GPBFIIM: RS, KA AT IR S B AN R
24 T GPBFHIPF LA EnKF AT IS TR R34 T % L.

3, 4R T X EABI2 513, GPBFS PR
AT IS 18] FAH SZRMSE. 1] %145 %€ K ¥ 40~ GPBF#E
i 351 & T PRAIEnKF, H7E AN /NI 11 AR ¢
e, (B 3 0/ ek s P B B T OF OR o<
GPBF{X ] 1001 ¥i -5k 7T ik 2] 5 PFfE A1 100004 i
T F IR 227K F 5 TESA1 3 [ EnK K A 20004
Fi T I 24% 22475 K T-GPBE. 7] WL M 5203 37 FH 411
GPBFHIZ# ML T PFAEnKF.

% 3 HB12-F AT A ZRMSE#ME

Table 3 Average running time and mean RMSE of case 2

TER AT HATSED PATHIE)/s RMSEXMA
GPBF(N = 100, A\ = 0.1) 0.11 22.73
PF(N = 100) 0.097 30.16
PE(N = 10000) 3.52 22.82
GPBF(N = 500, A\ = 0.005) 2.42 22.02

2R T %> 20000 EnKE 5 L BUm ASH R S8R B

% 4 HB)3-F 4T ZRMSEX A

Table 4 Average running time and mean RMSE of case 3

JEF AR HITSEHD PUTHIE)/s  RMSEXMH
GPBF(N = 100, A\ = 0.1) 0.12 34.95
EnKF(N = 100) 0.027 54.08
EnKF(N = 2000) 0.459 44.20
GPBF(N = 500, AX = 0.005) 3.02 33.41

7 %5 (Conclusions)

B otk DL M 7 vk R, RERIR S A58 4 A7 F
JE B AT — B B4 RGEME TSR AR 9] 2. $2
e BTt DU ST B o D R M i A A T A
2R 1 I 25 1 DR B8 1 R DA R BV S B 1) R
T AE LRI B AN G R 7 EURB R B, Fris kA A
B RS B A L A B R R 24 L TR I A
bor,

a) BARA B T f(x, N IEIRL IS I 1F T
FE AR IE R, (H RS HiZ &4 T = IR FRIR
B BRI A 2, K GPBFIHh
A7 5 S B 1 SE, AN BE B U BE W 5 N VI
ORI RESE T, 1Mo HoR T BE AT ST B
SR THAEE SR RN R S8 E A A 321, (B
gt B Sk, 2 T GRS 5T I 1) .

b) BARTEN HHHGPBFRIL ML T4 ARt e
i 5 0l 2% FORL T8 0t 2% (0 14 B, (HIX N BE 1) B GPBF
FAT 456G A 34, ST Jr0 1), 85 o A [ ]
KRR T7 15, A SCEA (R U 22 /&0 7 B8 iFEFE
W AT B IERA PRI GPBFI AT 7.
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