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State Feedback Control using Particle Filter

Takeshi Nishida*, Member

(20124F 11 H 16 H2A4F, 20134E2 A 15 HH%AT)

Since the particle filter is able to apply to non-Gausian and nonlinear system models, it is capable of wide

application than the Kalman filters. In this paper, a construction method of a state feedback control system

using the particle filter as an observer for a probabilistic state estimation is described. In order to be ro-

bust to non-Gaussian noise, maximum a posteriori probability estimation extraction method and evaluation

method of the effective sample size have been incorporated in the particle filter. Then, effectiveness of the

constructed system is verified experimentally, and the effectiveness of the state observer constructed by the

particle filter is indicated by comparison with the Kalman filter.
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LIFEN D) T 51218, HwvrikdEsE (MMSE: min-
imum mean square estimation) % L < (& MAP (maxi-
mum a posteriori) #EZNH VNSNS, HIE ITH T DEA
fF&FHHEE LTESICHENTE L2700, FFEEE L%
COMFETRHHEINT LA, HENIET T A5HE % b
a2, SHUTEY 2 FREAE & 7 5 v, ERE G
BV TREIERDGAAD LI L 7 2356135 T
BH, FO LD YA MMSE ([ FEREREE OIEF 12/
SRERFFOHE, T b bk L IEDHOROEFIZHE LS
Nbo —F, BEITEROZOOFERIIINT 200,
AT Z5A 0 L THRIED S Wi E 52 5 ® -0,
PF %KL ~OVHIELR OIREEHEE ISR T 5 W3 O FEAT
T7E O~ DIZBWT L, 74— KNy ZICLERREmi %
ME—DIKRE 2 HAHEED ST 2 FH: L LT MMSE %
FHT 2700, SRS 2 WU TH D L) PR
DERRKOFEH A KL 7-FE L 3> TB 5T, KF K
T AR RO B IIEE > Tz,

Z TR T, ZBIEMEOMERN ) 4 X&) KL~
WD+ 7 — e LC PF 28§ 5 FEEIRET
%o RFFL, PF I & o THEE & N7 L IWEVERESR 554
MAP #5ETHE:E LT pEMAP®ZEA$T A2 LT, X0
FEOBWIEEZFEHT 5, 612, V7)) v 7O

TSR O MR 0 2 MR I AT E R
TSRO BRI B IREDS, &L AOVEIER I TR
AR



IN=F 4 7T 4 )V E & RS HEIE (P8 )

JER BT 57200 ESS WAL, Bl A X045
xZE LT o#Y) oMz EBT 5, £72, KF T
VL) 7 S SR 7 I VE DREZRIY ) A4 AHRAT 5%
2BV, KFEEZHVLIRKET 4 — Ny 712X oTY
AT ADLFEALDER TELI LRV Ial—Ya vtk
DRT. 512, PF ORTFHEGFHEE, #EREOBERR
AT 5 pf-MAP & ESS #O%EIZONWT, Y32l —
Ta v IZLAWEEER T o
RESLORENIKOMEY Th L, 9, 2HIBV TR
LCTRETDHPFOT7 VT XA 2OMBFNEER L, 35
IZBWTC, REET7 1 — PNy 7 KR PF & aA T
OHIHAORER T E 2R~ T. S5, 4HICBWTHEY
Jalb—va IV REFLEOFMEE KF & DI
Lo CRHlid %0 Z L CTlRFRIC 5 BIIC BV TR L O i
IR %

2. PF OFEREERH S OFFEEOHME

1) INS—F 4TI T 1A DU Tl Bz
k=12 THET, JRIET~NVa 7ML HT B RN
VATATHY, TOEMERIIRO—BARREZM €TV
ko TERENL ET D,

i = fr(@r—1,ur-1,&;)

Y = hr(zr, C)

22T, xp 1ZIRAE, Yy L ER AL ug AT, Sk (7S
KOAZ, ¢ B A X, () & he() ZIESTR 5
Thbo

PF i, KB x), # M HOEAFIT S NI-HRTOES
(@™, 7N R GTERLT 572012, KRS
I A RT- %4 % Algorithm 1 12X > CHEFT 5, 22T,

Algorithm 1 Particle Filter
1: loop
2:  for m:=1to M do

3: :i;cm) =fu (:Bgf)l, up—1,€;,) //Sampling step

4: ﬁ,(cm) = 71',(::)1 p(y“iim)) //Likelihood evaluation step

5: end for

o A T A

7 calculation of m};’IAP

8 ESS=1/2M, (7‘_,(;,))2 //calculation of ESS

9: for m:=1 to M do

10: if ESS < ESS;, then
& with prob. #(V

11: m,im) ~ //Resampling step
cigv” with prob. %,(CM>

12: ™ = 1/M

13: else

14: m,im) = i,im)

15: w,(cm) = %,(cm)

16: end if

17: end for

18: k:=k+1

19: end loop
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T 272DIEAT 5, HIZIE, ZEEOHERN ) 4 X
R LTI 7)) PS5 L, IEDOEWETTIZO
KT HHES DY a0 S 575, ESSHEIZ L oTY >
T VT OFEAEE MY 5 2 & T, XD R#EIH
TERETEZLL9127% 5,

(2:2) —MRIERFTEN S X7 LD MAP #E B
V—T % BT HHEEREZERET 5720121, PRIZE-T
REOTRTCOFBIAZRLFLINDL, T4 —FNNv s
\ZBE e BRI e ME— OdRRE () %2195 2 & A7
It BlZIE, FEE MMSE & 35581213k X
BT 5,

M
MMSE _ Z 7T](CM)%ECM)
i=0

CHISEIHEEDP DLWz, ZOMRTHRH SN S,
=T, RD &) \TFEEREEE p(xr]y,.,) ZRALT 5
3 % MAP *&%&u%/‘/g;o

MAP __
mk|n

argmax p(mk |y1:n)
Ly

Bk =nO¥Ed7 1 V% MAP H#:E, k< n O¥EIE
AL MAP #E5E L MEN 5T MAP 7 1213 fFAT Y
IZEG TR WERIERORKIDPLETH L7220, HIZ
WKRKEAEFORTAMAPHEE LTHHENLZ &
L\ 00709 L LR, KEAEHT HRFE0T L
LEYE MAPHEEE L ORI EATRENT WS ® 0%
UKL, PF OFBIERNLH A4 T4~ TMAP HEE
AT 720OFEE LT, BB MAP #E T 9% EP-
VGM (end point Viterbi-Godsill MAP) #fi5E T3 @, pi-
MAP @B Fihie EVRESN T D, BFEE MAP
TEFRILRE T 2 =5 LA REENERL T2 REICS
VW) REEAYSIE STV 0, F 72 EP-VGM g
& pf-MAP 2L, W LEHHEEOME CHEDEMTH
B2 EDNIEFERRI L > TRENT VA 10, Z 2 TR

T, KOXHICEHEEND p-MAP 12X 1) PF 0451l
AT 2 CEHRIAHE 1 BR),

PARGILTIE, 7404 MAP 58 & MAP g% Mg s LTl .
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Fig.1. A state feedback control system including
the particle filter state observer.
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BT H720087 2= 1%, PFICIIFEL RV, Lzdso
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IZRE T ILUE RV,
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4-1) BHEROREHT CITRKRO LD AR
R2EHWT, KF & PFIC X BREEHEEICOWTHEET 5,
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ZCT, xp 2 w)T THY, a2 135 =7y FOME,
v \ZF =7y FOERE, AV ) v EET, ML
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AT IS A RIZIRD XD e T AG5HIHE-> TIE R 5,

ik, Ear ~ N(0,02)
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X (i, FOMHEIZEX > TKF & PFIZ X B2
52507T, UTFTEAY AGMIZHD /A XDNRAT S
Yity & ZWEVERER BRI ) /A AP WAT 5612
DWTHGE L 720

4-1-1) 1->08RzFBET3EE T3, B/
A ZXBLT D X HNH T AGHIHE ) HEIZOWT, KF
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ZIT, 02=005%&L7,
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.................... (14)
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p Y|z X exp{ — (15)
( | k ) 202
L2
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Fig.2. Time evolution of the estimation. The
probability distribution of the measurement noise
follows a Gaussian distribution.

Table 1. MSE of the estimated state values by
Kalman and particle filters.

filter | MSE of position | MSE of velocity
Kalman filter 0.089369 0.011904
particle filter 0.081069 0.011333

07z,
DEog&tton<T, KF BLUOPFICHT % LiloFHE
WHEWAE L HEAHET LY Ia b= a v ETo 704
R& LTS N7IREHEE ORERIHER & Fig. 2 IIR T, 2
DL Y, #EREOHR (FH (a) PLHEHEEDHER
(FH (b) & (c)) &, KF & PF CIEIZRAETH S 2 L2%
%o F7zTablel £V, PFIZX% MSE (meansquared
error) OHIZKF o2k D) K< <, PRICXBHEED
KF OE L ) FEERE N EDbn b, S612, W
D10 A7 v THi%E TOHEIZB T, PFIZXBHEED
PR LTV D 2 EDHAPND,

4-1-2) 2 O0BEFAET2HE K2, UTo
MR ELZHEL T, W% 2 208ES % Hwv
HyIal—arEfii.

1379

integration of the probability distribution
of the 1st and 2nd sensor signals 4
(actual signal with a bias)

| | probability distribution
of the Ist and 2nd sensor signal
L | (prior knowledge)

,,,,,

Fig. 3. State estimation in the case where the mea-
surement noise according to two Gaussian distribu-
tions.
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Fig.4. Time evolution of the estimation. The
probability distribution of the measurement noise
follows two Gaussian distribution.
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Fig. 5. Time evolution of a state feedback control.
The probability distribution of the measurement
noise follows a Gaussian distribution.
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12T BHISR L7252, [nomal] (X Eakod
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Fig.6. Time evolution of a state feedback control
with the poles [0.7, 0.7]. The probability distribu-
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Table 2. Relations between calculation time, esti-
mation accuracy, and the calclation method of the
particle filter.

condition | calculation time [s] | estimation error

nomal 0.020405 0.107029
without ESS 0.018884 0.128374
MMSE 0.000771 0.131110
maxMAP 0.000762 0.220676

fF, TmaxMAP ] I3 KO EA % FHFOR T-% MAP 58 &
T5EV)EMIHED L e FET, i, [MMSE] 1356
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Fig. 7. Relationship between estimation accuracy,
calculation time, and the number of particles.
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