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Evolutionary particle filter and its application
MO Yi-wei, XIAO De-yun
(Department of Automation, Tsinghua University, Beijing 100084, China)
Abstract: Sample impoverishment phenomenon is a main handicap to particle filter application, especially in those cases to
estimate the parameter that remains constant for a long time. Based on the analysis of the causes of sample impoverishment, the

evolutionary particle filter is proposed, in which evolutionary programming is introduced . The improved approach relieves the ef-
fect caused by samples impoverishment through ameliorating the diversity of samples set. Simulation results demonstrate the fea-

sibility of proposed evolutionary particle filter.
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1 35| E (Introduction)

VL4F , B0 1 B (Particle Filter, 8] ¥§ PF) & 3% %
., 55 M, ERAERAS T ERT
LM RIAEETR A IRE AN, B E M A
FigZ TS, it BV K M SMEAI B Y
EE BRITE BRI AT RE PF IR
Kbk, JLH AT BT B B R A A0 B (4 32 i B
ERRM SR #H TG ERAARE, E5S
W PFRERL, WmtERESSREE B, XIHE
PF N T B2 i MR K2 s A R
R T BT R R AR B — R LB K
i EEEA , R amig ) st sE 4 iUk ok
Fi el W B B E SR 3G B
SHEED] 0 3 /R B K B 384 £ B # 3h (MCMC)
R FHERER ST LB G ESLR kOB 7
1. B B A EERMAEN PRI HES, kB
PR ST B BT A UL 0 {1 B ) 8 TR PE R s SR BB F B I
B0 R ORE KB FEEMET®S,;ET
MHEAERAG TS B R R B[R, A0k sk

4o B B85 : 2003 - 09 - 03; BB TR B 5. 2004 - 05 - 31.

HMRIGIA PFBEE UM EEARNBENE, R

NMFREEEEUMBEZAEMGTEE XEMUT

Higuchi Fr iR 70 BE @ #H%kR, FEH

TEABHENE. A XEEABFTRERESH

LRI FIfESE .

2 HNFRIESAESEFEBE S (Particle
filter and analysis of existing issue )

— AN, PF B Gordon % AR M), BiAE i
RKBHERTSEXB(10] PFAIEE—FHERE
2, HTAESRABUT AR AR ERES
Fh—HEARREGRI A, RN B BIERE
BT EES—HEANURE, FLUREIE, SIAER
PR B R A R — B B E (B R AEE ) SN
PREAEABERERAHFHEM NTETAER
BREEA bR E , FEEAR R R LR,

FEEER K/ NE SRIBEEE, ER k-1
WG M p(xioy | Yyoy) BEGLEEARSR 1Y,
Hex BRARE, Y0 BREE - LHIENE,
BT p(x | Vi) BN
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(x| Vi) = 1/N2p(xk) (1)

Btz k REFHEELEp (%), Hﬂ'j‘ M7 E 2R,
p(xy | Yy) iR

Pl | Vi) o EP (x)p(y | %) (2)

SIRﬁH%E’JE*T%EEJ:‘Q HHZE, REXR
EHTHEBIALERNEME LBEHFER
MEM B TEEAENEGHFTEEZEWE4
—IT A 4, SR R A B 5 (D R E &R
/NEY TGS R, (VB —/DRsr R A B E,
TGRS RAOMHERREL W, —FE
R EMZ k BIRAEM . B SR B = H 3
MR, & SRR RL R, PF IR B A E KRR
SR, MR A R BB HE R S R R,
EAPRFHREREERE . B2 ERLRAE,
BiE TR ER FEPHRES A S RB O HZ
RHE—HAR B R EZEENFIFHR) . K
W, BB BARIRI (BI7E Se 10 40 A7 BB ) B o 7= A6 1)
B, R T=E R R DAL TR R E X
B, EMENERNEAR RO FERS UL
WERRTPERA THES RE, RKERGITE
R, AF TRS M5 BER, TR E R KB A
AR B (NSRS, BEASR
SRR, XIERASCE MR R .

3 i#{L K F % H 8 & (Evolutionary particle
filter)

WRGA T, B AR - B AR 25 22 BB PF BB
AR, U TEB#RER LN RSB ERFE
FENEHE, FRFHEA SRS, LIRS PF R
TS5 BREEES .

3.1 B ¥ (Evolutionary programming)

T X Y AL B9, A 3 ARt 4L
HRER GREE S LR R E R , Kot
MR R—MEL B E RN RE R, U 58
EARBER, TR mE, RAERE T, EEME
MMy RpE SR, FESRATE:

D AMERR . ARRSEN 0 R BRRA
.80 Z = z € R™;

2) & M. HE K B AR R B R
BEYF(2);

3) R B—MEZ = {5)r  ERBIF K
2= g B = oz + 60 N(O,1),0; =

v B F(Z) + ,',Nl-(O,l) i%i?&ﬁﬁyﬂ;’y?[ 2
FESH,—BW B = 1,7, = 0;

4) BEE T B Mk MES M (k) &3
FEkE I ME) U M (k)] BEVLER ¢(g = D T
EHRE, 58— Mk Z, € IM(k) U M (k) LB
ERLRE KT Z, A BIER AR W, 5% W, B
HEF |, BB — AR T —RBHE M(k + 1).

3.2 i#{LHFiE i E % (Evolutionary particle filter)

e RI5) A PF M e FIB B 2 B
ERFN

{z(k) = f(z(k - 1),w(k)), (3)
y(k) = g(z(k)) + &(k).
He, : Bl y BNE, w M ARERE SN
B, UL SIR AFHRAAINT

a) WAL . 78 0 B 2], BB e 38 p(2o) fHlEE
—K/ANKh NBIREAEIHN S k=15

b) M.t w, N DEEAE (Wi, B
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- AR HEERE ME) = |z N ERER
%T#ZI:%M'(]C) = IZ klk- 1}, 1» n#iﬂﬁﬁ%M(k) U
M (k);

- ITEENE BENE y, TEREE

M(k) U M (k) BLUAR R, BB FOAnAL (B

2N
gi = likelihood(y, | %)/ Y likelihood(y, | 7/);

- RHE BT BYSE ¢ MR TR S -BAE
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4 i3 ¢ B F 58 I B P HE 22 ( Application frame-

work of evolutionary particle filter)
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BERMEITRAERE G5,2)(s ARG, v HiES
RE), HHSH IHE FRiTR ) #TERE. RS
RGR—AREANELERS, YERES B3
(R4 R A WK, 3 AR R sh AR ) 885 RIS
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Fig. | Framework of hybrid state and parameter estimation

5 HRBIF54 RS H (Simulation examples
and results analysis)
5.1 {ARHIF (Simulation examples)

X B2 AT, B 1R —E AR, A
Tk AR 7 iR I 59 B i RO s 45 2 45 gtk
BT B AL A TR G RERS 5SS A0t
RIRLA .

Bl 1 SretEEER T RE.

REFT GRS R
5, 0<1t < T/3,

10, T3 < 1 < 27/3,
3, 2TA<t< T,
y(t) = x(t) + N(0,Q).
Hp: T =100,Q = 5. X HRHEHETHR, E
Ml s5s, BRBHZEO0.5% Q, mPERNH N8, hL

x(t) =
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OB TR I B s e AR F R B B R AT S R 4
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Fig. 2 Estimation result with generic PF
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Fig. 3 Estimation result with evolutionary PF

Bl 2 WERGWRESSSHMIT.

R WE 4 frn, 177 v, BXEAF B SRR
SO = M x, SEHEFNSE H @HXRTL
SURRGIHEFE TERESRE BT 8 ML
K0 ~ 7), BB AR NS £, € 0,
), RGEHHETE 5 .(k) = 1000psy v/ gz, (k) +
e(k),H (k) ~ N(0,0.1),so R~ 1 HEBEK
BWEER, g REIMEE, p BS#PBIERRT]
Vi RS E. MAREN fu(k) = 6.8 L/s, 3T
EEHBIT vV, H50E 1 BEAIFE0. 1 ~ 0.8 2. IBS
it RIEREFR AT HAEH R SELR
B2 BESKIFER 0.6, R E R 1300 s ALK
0.5,7ERF[A] 2 1400 s ZE4LN 0.4, M H 915 1H 5
i B I, A FRESE 4 99 B4R b A HE 22 [R] st
it S p RE 2 A x,, HPBESREMETHF
FPRLF 5O 100, S5U4ETH T B F 202 300, ¢ BL
80, (H B R WA 5,6 Fims.
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Fig. 4 Two-tanks system
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Fig. 5 Estimation result of system output
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Fig. 6 Estimation result of parameter p

5.2 {ARS R 5 #(Simulation result and its analysis)

H& 2 f1 3 TEH, — M PF AREMER R P&
RS, X B H FRAR LR, e
NWETFHRETHN TEESHE BRETHARALAR
R, B AR TR I R BT ERER B ST,
iR E SRR LU REFIEEME. 5l 2 f#
R FIER RSB TTRN , h i R
FHESRHTEARERY  ZEERUELETHE

HERE, BT UM ARG ST WA EA T2,
Frig b AR F U B B SE T PF NIRERRE IR
a47#Y , 8] AT X R 4R AR AR B AT

6 4518 (Conclusion)

PF 7E3CFR L A R E AR RE KK, (3 55 % 2
BRSNS W 853537 — i PR AR Y
R, AR B | ASELHLRI (BEP) B AE S E
REYE AT AR TR B % R AR LR
RIS IR BB R TTRE S . A U4 kbR
TFREERERSRESSSEM T8 —4 N FHE
B (EGRER, RN FIRE R ERAHN .
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