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Abstract;The particle filter is an effective technique for the state estimation in non-linear and non-Gaussian dynamic sys-
tems. A novel method for infrared object robust tracking based on particle filters was proposed. Under the theory framework
of particle filters, the posterior distribution of the infrared object is approximated by a set of weighted samples, while infra-
red object tracking is implemented by the Bayesian propagation of the sample set. The state transition model is chosen as
the simple second-order auto-regressive model, and the system noise variance is adaptively determined in infrared object
tracking. Infrared objects are represented by the intensity distribution, which is defined by the kernel-based density estima-
tion. By calculating the Bhattacharyya distance between the object reference distribution and the object sample distribution,

the observation probability model is constructed. Experimental results show that our method is effective and steady.

Key words ; particle filter; infrared object tracking; kernel-based density estimation; Bhattacharyya coefficient

i1

Ell

15 B iR RER AR EL/M R T MBEAZRE
ERNAPREFEEN. ZUNLLHEIRRE S
HEEEA EREAEE" e EY  Kalman Filter
F1 Extended Kalman Filter 3% & BRICRC S R—
MR SITHERRE N E, HERIBRERS
] > B B R/ D R AR DR /N B 388 I T SUBI 3 K
MR B ARER B M L3R, SR R Hr BAniz 3l
RIH R BRI A TR AR E R T LR
PRER 7 Bk R A2 /Y. Kalman Filter 275 L #4 t
BRMITHEAR AR BAE LR e S HT B L.
R, & RSN EHR 5 B 405 BAR RS
A RAERE ISR, X T AL

W B #A :2005 - 04 - 18, 4 [0] § #9:2005 - 09 - 15
BE&TE AT PR 2 (04F57004) BRI H

B3, ATH#EH T Extended Kalman Filter R 7544
HEAR EHRSMETHRARENBRKB RS
RPN R R RE R EXER.
BEsb AR T BEBAL (mean-shift) B ILHTL
SREFREIREES . SRR, AT B AL A
EBHHERL TR RERSMAITRE, AR
THi F & ¥ (Particle Filter)!®7). %1 F 38 3 X ny
Bayesian Bootstrap Filter B Monte Carlo Filter, & )X
Monte Carlo BFEYLEIRIE A B, M AGERSER
GrAe R — A BEVLRE A R R, B BOR S 2 768 T
X SEEEHLEE AR Bayesian 5L 4. X5, BLF
WHE RN ARRES MBI NBAE
{371 S AT B — BT . AR SCIR S T — R TR
TR MLLS B inta @EREE T T k. RARSEHS

Received date: 2005 - 04 - 18, revised date: 2005 - 09 - 15

R BE(1978-) B, W) BEEA, L, ERHFR 7R ERLAE SERS] BT R85 R s .


http://www.cqvip.com

114 as 52 KkEEMR 25 %

ORISR AR T2 — B 3 U R AR < R0
IS HALIO B bR, TR BE 4 R
R A . TR I LR F AR A RIS H AT
PR 505, B, R ALY, IR , o T SH3 R
BB, R T B E A R G
Wk TS AR A, S R,
PET S RBRER v R R TR,
1 HFHEE

Beah A R ¢ AR 1 REY X, , L )
B, AR Y, = Ly, RS
SRR IR S

X =F(X,_,,U)

{Y,=H(XL,VL) (1)
Heb, F( - ) RIRERBER, U, RRERF H
()RR, V, AR, MRRA T
R AL BB KA MR p (X, 1X, ) FI
BB (Y, 1X,) B AR A LS 10 i+
SRR p(X,1Y,,). WS R FI I 5
RARLE PR RUE RS ARG, 35 4 B0 T 08 B R A
BT RO . BT IR A el B AR AL 41
BB A X w0l |1, L 6 B
(X,1Y,,) R SERM e Bayesian HAHEH it 52
SERCST). AR T AR, B SR " AT X
%

w® =p(YIX"), Tu® =1 | (2)

He,p(Y X" )RAHEAS X7 BB 0 ¢ 5F
ZIR RGREMT R

N
X =E(X1Y,) = TuX" (3)

2 ETRTFREENLLHERRER

RTINS HE R, RERTHEBER A
W ERI BT IEHHE. AN B R IREEN AT,
RORTEBEREFE AR 8 B &R,
FIRK B ARRAS BbR, F LAY B, B R
GEMIMARRY. O T 125 R E R AR, REMR S
i BENE , TS % BIERE R
2.1 REHBER _

FELSNEARBRER RS BRI 2 T £405h
HtrfE B 7] Bz shAptE. B8 BB AR ST
BAREA M TFL5 B hr RS (IR, M T
MREHBERRZEFEMEN. B TR FIEREWN

Monte Carlo BEHIAEIIHLEE, 4140 H AR KPR S AT T
LA R AT, B, 2R IR R4 5h
H bR IR R R R A HE AR o AR R A RSB
RSN, TRASCRAEMUMREEBEE. &
SCOEURSHEBERIMFE W ER 2 #: AFFER
IR EUR Y 51 2 5 FIEFR R E Y GE T HIERY. SR,
23 RS AR R R A BORIE M. I, 7E
ZIoh BARERER TR, SRR BB B A el IAR B AR

X -X_,=X_,-X_,+U, , (4)
— it , 25 BARRTIRAS X, & N
=iz,y,2,70 (5)

Hefr, (x,y) BRAS BRI O, (5,7) FALSH
EFRBEEE. R0, B S BAR O B S
LT
2.2 WAMEET

EMRBES, #HRBRNE ASEE. %
B L RGN % R, 405 B AR
BEARH RENRE, ANGREHaEE. £
i, B IR B A AT R LT AN B AR , I T He 8 B AReE
AFB%BiR( 3% Bin— B REV VT %R
B9 BK AR, B R AR, R, BARE
TR EESI AR R R — R LB RR (R 0 B AR R SRS, B
eV B AR A BB 43 G 4 e i A T ) R B B Y
.
2.2.1 4I5NBIREIIKES kR

B L 4050 BAR IR BE S AR R B B v R A
REREAG . BAH B BRI IR B 4 A5 B EUL 2 B-
bins , 3 7 UK BALEE b(1,) :R*—1{1,-- B} , &
RIERE L MG ERKEEBLFERSEE B
FRRBE SR HIBIAY bin oL 3P B RIKEBILER
(—#B B =16,32). TR, AF 4380 BHRRS
X, 0 ER7N: o) % it P = {P,[(u) M:l,---,Bﬁxj‘j

w o=,

-cH |5 sy 0 o
K, L Fom BB H O (x,y) s M s B AR KA
BREEGR =R + R FRR BB KA k()
FRGRE (B SORFE LR :8( + ) A Kro-
necker Delta %ﬁ C AP EE

(7)
W

2.2.2 EIrMMBEIRER
LS E AR EREERIPIEA WL, ik € 2% Hr X, F


http://www.cqvip.com

2 B OB TR TR B AR 115

AR (6) B SEBITHREM g ..
o 0, RS BARIRES X, 5958 n N RBE X BT
PR R KRR BE S AR N 1 p ™ Ve, BEA XL
FRLSBIRTE MR —RERS. TR, B4 X"
5&% Bir X MHALEER, TRIALKES R
A B B8 7. —fig Hh, Bhattacharyya R EEE T
FRERAFHEMEERENEX TR A X" 52
% Br X 89K 43 7R 1Y Bhattacharyya RECE XA

plp" ,¢"] =M§W : (8)
MEEA X" 55% B8R X HHEUEERRETE
XA

D(p,g) =/1-p[p™ 4] , (9)
% D(p,q) Ay Bhattacharyya BEES. T2, WL #E %
BERIA] 2 SCA

n 1 —AD2(p,q) /2
P(Y,IX.())=/_€_ P , (10)
m

HeP A HIEHIS L ELR PR A =20. WA, HR4E
B TUE RIS, B X BB w” =p(Y,1X™).
BAR AR BB, BEA BB AR K, BE A B AT
#.
2.3 ETFHFERENHIH DIREEEE

TER FIR I HESR T, 4041 HARIRBR BB i
BEAS TN WAL E R R E AL A R
(BIREACRUE ) .

1. ¥4t =0, FEMBMI T RIS %
Be X ERIREAT (g .. s FIRE ARESE

R p(X,) R A X ﬁ}

2. ERFEARBREARM v WEAREX",
w, L EHTER N AR, BRI RINT
. FEREAREIX, 0" | 8 RBE,

+w"

i, 400,11 E RIS R RIRBALEC u;

i, ZEREAR S AR o = BRI 3
X = x9,

3. WA R (4) RMBEA X XY i
BREA X,

4. BRI ARIE(10) RIHHRER X2
AL !, I D) =0T/ TS,

5. At=t+1,8EIEE2).
2.4 O BREBHBIIENE

FE R TR BB o, R (4) o RS R

(n) =c’(n~1)

¢

FEREFEN B R#RNY U, =R,U,, R, 2
FWREREF £, U, BRI ESHIER. 4
SERRRE S, ROTR RGBT 2 a5 T4
BE. IR R, fi/h, WX 3072 (L RIFLA L5 B 4R
BB ARG MRIERE R R, MK, WEERZHRE
SRR RERAERIREE 4T 4 B AR AT S B B R
1§ ST, BATRER RGO 7 2 B & I H E RO
B, B RGMER E XN

U =RU, , (11)
HP R RAGENHENREWAF L B 222
FATK RAHER X (n), BORTEEHE R (9) 2 AAR L)
VERF B EEHE. B, A B, B A T
2 RBHB ARG B K2 R A, R
EEBNREEAIRA Filt, REWSE R, X
AR R D(p,q) HIREL:

R, =max(min(R,D(p,q) ,R...) ,R..) , (12)
Hep R, BRRAREFET R, R, ERHERS
FE LR

AL, LT 4 BARRI IR AP 3 A, O
BREEE R AR Y. N T — S RS B AR
B Y, A SCR S BTN BTR K K. 1%
HFRT PR R RIER (3) 1) RONLIBER
i, 5% BATER E R KM= w, KF B w,
CEREH K585 T B B AR 2 AR B AT PERk
FERNSEBEERAES). 2% BT
LN

0" =(1-a)g" +apy’ (13)

oo HEHRE L, RRE N THIES%H
PR R, KR o [ERN.

3 EBRARSWE

R TRAIEZLAS BB, A XA 2 448
FR S FF AT EIRREEER. 2 X REHE
Pentium[V 2. 4GHz, ] £ 512M ® PC ¥l E X H
MATLAB 6.5 354 ¥ & L ELH). FRIRERLLS B AR i)
2% BirRAERBR TS M FIhiEkE. 458
PR BE S A R B K B B S 0 32, R R A
¥k N=100. #ATKEEM, ERNETFRKITER.
RERENLRHE B TERERFEKRRIIR, X
REPZKERMABEEREEERAR REF
FEERRER, WIMRER, HIEEREE SRR
#EREEKEEITER RRERLARZ,
WA SRR RS B R, ME AR ER


http://www.cqvip.com

116 a5 5 2 KK ¥ W 25 %

A1 - SKRRIIRERES R, WA EIG RS 1,40,80,120 WiR BRERGE R

Fig. 1 The tracking results of the first experiment, from left to right, are the 1st, 40th, 80th, 120th frame

B2 SoALRERERSR, AEFIA R 1,100,200,300 MiAYHRER LR
Fig.2 The tracking results of the second experiment, from left to right, are the 1st, 100th, 200th, 300th frame
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Fig.3 Tracking error about the Kalman filter and Parti-
cle Filter algorithm (a) tracking error of the first 50
frames in the first experiment (b) tracking error of the
first 50 frames in the second experiment
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