$29% 6 # 4 5 ok R 2014 4 6 /]
Vol. 29 No. 6 Control  and  Decision Jun. 2014
XEHRS: 1001-0920 (2014) 06-0997-06 DOI: 10.13195/j.kzyjc.2013.0513
e V793 :l \n_,l—!—‘l : : oo E_IEI_ '3‘-' LY -~
EF AWM ENEERREEEEEEBEFEFIEEST AR
&= ®!, S, 952
(1. P2ATNEE a. eI 2 5 [ 2% 2 A B 0 T J S0 3, b, FLS 22 B

PE% 710049; 2. T4 K2 HAME B TRE2ARE, VL5 $HIT 212013)

O MRAR R E R DR I A I MR P DY SRR R B ST S SR R 2R, R R F D I BORE A T 2 B ERIR
SIS 5 O O RN AR H bR 2 L1 e 2 H R, X BIUROR B SELE R [ TRAY. STk, S5 T B T AR A
PR SRR P SU7 L e SRS R RUOR, T4 A IR AR A8, 5 To0ise B (AT P A DA B 0 T4 H , AT 3)
DR . 7B A5 R, Frid thi eIl 77 205 T BRI RICR, 2R ER I A8 AR T S A SE3 77 2K
KA 2 HARIRER; MERBOUCHKEE: JPHSR RS, MR

hESES: TP273 MEFRERD: A

==

&
P

N,

Sequential Monte Carlo implementation of PHD filter based on Kullback-
Leibler divergence

LI Wei', HAN Chong-zhao", YAN Xiao-xi>

(1a. Ministry of Education Key Lab For Intelligent Networks and Network Secuurity, 1b. School of Electronics and
Information Engineering, Xi’an Jiaotong University, Xi’an 710049, China; 2. School of Electrical and Information
Engineering, Jiangsu University, Zhenjiang 212013, China. Correspondent: LI Wei, E-mail: liweizhangye@gmail.

com)

Abstract: The typical sequential Monte Carlo(SMC) implementation of probability hypothesis density(PHD) filter is similar
with the particle filter. Both of them make use of a large number of particles to estimate the multiple target states. The fixed
number of particles is assigned for each expected target in typical SMC implementation, which will result in larger time
cost of the algorithm. Therefore, the SMC implementation based on Kullerback-Leibler divergence(KLD) is proposed. The
KLD is computed for the two particle sets in different sizes. Then, the KLD is compared with the pre-threshold to obtain the
number. The number of particles can be adaptively adjusted in the proposed implementation. Simulation results show that,
the proposed implementation can improve the tracking efficiency, which is superior to the typical implementation in most
time steps.

Key words: multi-target tracking; probability hypothesis density filter; sequential Monte Carlo implementation;

Kullback-Leibler divergence

==

5
WA AR B S (PHD) ¥ B HA I S 1 0 2 H Ax
PREFIX — B AR AR AN T ) A A e g 4R A1 1 40 i) 8
B, SIS INBENLA PR IRAE STV A 8 T,
PHD JEJ% %8 e 1 A0t SRR RE, 55 1% S0 7 b AT L,
Rt T KA A H 2 HARIER IR O T8
e PHD ¥ 3 a X FAR S SOl v I R L, 3R 1 3%
PN 2 A B35 B2 (CPHD) Ui 5L il JLAE
(1% Ji&, BT PHD [ 5350 51 T ORI TN 5

=

Y5 BEA: 2013-04-26; 1&[E HER: 2013-07-16.
HEEWE:
AARWIEE 335455 H (12IDGO76).
EEE N
AT BRI BEYL RS SRR

(K39 . R, 7 e B LAY FREE AT FREE S
THESE R EC: THKG N, PHD (R P AR A4
Sy AARAR B — P2 MIARR RO RE AR R AT,
I3 FE R A A (8] 5 AT H A ).

g4 B AR N 5095, PHD 38U 25 e 0 5 H %
RIHIAE SRR 2 A R A5 00 — AN 2. PHD
PED A - EAT PR ST 3 e B SRR 2 B K
(SMO)T IR g i 8 45 S L 75 30 (GM)P-1OL S GM
J5 AR T PHD i3 HE i R 9 A b 2 5K, TR I A A —

K AR IS AR AR H (61221063); B S HARER I A 10 FIH (61074176); 1108 K242k

Pi(1988—), 7, W24, WSR2 H bR ER 2 2 U5 Bl A 0T #hai(1943-), 5, #fz, 1 A4 S,



998 = 1 5 * % 09 %

W 2, R H bR A S RN ALL AR R B T Dyi(s) = [1 — pp (1) Dgjp—1()+
SMC J7 A SZ I He 2 AF B, ELAAR P9 45 DL STk [111]. Pron (28 B ,
% PHD (5 SMC 5237 28, o J8 AR 3 b b 1 z:@@ﬁjﬂg ke-1(8). (2

PEWET-BOC g S AR o SRS A4 E T BL. PHD Jl
I IABORE 7 AT 273, L1 (RS A A UL DX 458 P 1)
W H bR~ 2. SMC 37 3 RRL 4% 346 3o 7 30 7
A LAY G A S0 A2 | SR RS SR EAT I 2 HARIRES
PRI LRI N H £ B 43 #r, SMC S 7 U 1Pk fg
ZARZ P Z 5, T H IR T S ok AU 2151 AR
AL~ 450 H AR S — > 52 Wi S35 (1) RS S R 0 236 1) o
Kl 2 AR DB 2% 8 2. [F S5 00N, A A 2 k1
AT AR s SV (PR B, RIS, KR IRORL - 2 39 ks 1
&3 AR P HOS AR I TF S 74, O 1) SMC SEBL
J5 A FEA TR A AN T H bR 2T T [ e 4L
H PR, 1K SRR, H 1A ) I 0 R M6 2 A &2
AR REAR AL AR R I, AN DX 43 b S H [R) 45 40 H (1)
BB RS R I ) T 4.

BRI BRSSOk A H e, @S T M2 H
Frdz e N 8 5 T AL BRI PHD RL 7 38 0% 503k, i &4B
IEREAN ) A o 740 H, b ide 2 H bRl
EREVEINROR. S22 O R 3UE (£ T B U618 4%
H T T ARKTRS 1) PHD B3 2% 1 SMC 2 7 5K, 3L
120 JEARE 0 pE B AR 7 AR Al T Bk AR
o, WX S5 NP3 BN BN R 3
Z ) (R RHORT AR, RAX - 2 AN I AN T 1)
AL, DR AN R0 1) s AR EAT FER Al T 4R
HH S S B 2 H AR R R L i il S BT Aok
THHKMISEIE.

1 WEE R
1.1 SMCEZMAR

M5 SCHR (7] i 434 6+ PHD ) SMC 5287 =X 3k
AT DA A T A AR R T 20, 5 ik 2 ik
G EINREGSPOSEE

Dyj—1(€) = Dy (21| 257Y),
Di—15-1(¢) = Dy—1j—1 (21| 2"
Dy (s) = Dy (| Z2™).

N2 A A 3 S R i YOO A

Dyjp—1(§) =
f[ps(ﬂﬁk—1)fk|k—1($k|$k—1)+

Breik—1(@x|rp—1)]Dp—1jp—1(Q)dz—1 + Y (). (1)
Horb po(ar_1) M A7 3 BE 2, By (zr]zr—1) F N
C A H AR AT MR, () 2 H AR BT 2E 5 E,
Frtp—1 (@] mr—1) A9 IR 0] FAR AR B 2 o 4L

MR AR e S g o SEORT AL I

kfl))

2€EZy
Horb: g2 (k) = po(zr)9(z|zk), po(zr) AR LA,
( |xk)ﬁ9§ﬂ;EJszEﬁ$ H bR, ki (2) A 2% 3,
) = [ po(@)g(=]2) Dijp1 (2125 )dw o B

E.

BEx) bk PHD g3 B, (6 2245 H 0 1) SMC
SR 3, ATV R R A AR T A SR
D) T, AR %k — 1, CAT R A P A2
MER BN R AL SR AT, 1
f“)quQmﬁszw,i:]ﬂz-n,LhJ, 3)
ot i (-2, Zi) G I frppon (eplzior) 16 5 T
ﬁfil%liﬁ. AN FRRE —F A A
Pre|ie— 1(51(;)7551(:11) )
@ Wy~ 15
dk ( |xk 1vzk)
KLy Mk -1 EIT%EI’JM?%&E. K@) TR
R

¢($k7$k71) =

~ (1) _
Welk—1 =

“)

Ek

Ps(Th—1) frpp—1(@k|Te—1) + Blar]zr—1).  (5)
XF T A H bR, 5 SN T KT, DO -
T E R R A, A
& ~ pul-|Z),
t=Lp 1 +1, Ly 142, Lyg_1+Jg, (6
Ho pr (4| Ze) 3842 HBR B0 A, FH N KL AL
CiBlibUN NS WA SR CE

a0 1 T (E)
Wrlk—1 jkp( l)k|Zk) (7N
2) SEOFL. FEN Z b, SRS 2 € Zy,, 5E5R T
ik AT AR
Ly_1+Jk
Ci(z) = Z cpkz(x,(g))w,i“l . 8)
j=1
FEPEACE L AT T
@) = [ — po (@i, _,+
@k,z(mé)) - (4) 9
gz: )+ G ®
7E %2 HARER BRI, 18 752 H PRSI 2.
1.2 |a)EfEiA

7 PHD & U &8 M8 f) SMC s8I 7 3 b, b 14k
B B A A7 A0 R BERORS B2 5 SRV 280 2 TR PR A A
h T IRAGF ARG B, SRR ) TR TR 2 (kLT R
[, 2 80O FETE A bR R b, XA H Aw
A8 FH 8] 5 FRTREF-AN B SX R S TR T A5 B FUR S H
REFE R ISR 2 (R, PR 2T I A KA



Fo6 M

2 R EF: AT RO ERBIREERERFRESFT EIF X 999

SIAS R KN ) TFAS. Sk T AR w2 A0 2 i A, ey 7 —
Bl 5 2 1) PHD 98 3% 2% SMC 52807 30, EAR S F
—AA .
2 ETHMRT RS
21 BB
SFb RSB 5 NSNS, T T Ak
TR 1 P BT SR 2 9z g7 5. I )T R S
D5 3R 10 220, 3R T e i o
PR BRI At R AR 388 i AR e 5
BRI H A /N R 1 T SRR 8 4, WA 7
—ERERE I A R AR U A N PR, Rk
Tl DA JB 5 HEB FE 15 8) fL T  4 h h I — A T4
B, T R T A 5 IO TR G RN
Hﬁﬁi&&uﬁZ@%ﬁWﬁi%E%ﬁ*ﬁﬁ%
YT PSR S A T B HEAT LA, N T B,
U 25 T LAZE R — IR 220 90 3 3ot v 2 B 45 /1>
(PRETHCH , 2, W74 H . ks A 138
{9772, S 186 T SRR o A b 1 PR
22 EEAR
221 ZRMEFERE
H 8 —AN% H bz i 5, PHD Sk 28 45 51 (1 2 K
AT BRI TS {0, 20V E |, MR L =
L AR R i — Aﬁ%ﬁ%%A@yjygrm
SO 0 V5 S b LA A M 5 2 I £ 2 S
VLT B S DT ANRL T 1 % 11 R 420 00 RO 2 45 1
i, 4

LA S i

P(X|2) = Zw D52y — 2, (10)

M §(-) 4 Dirac delta I?l é@kﬁ BEMAF R AL I H
I)AT, SRR R ﬁk/‘lﬂﬁﬁﬁﬁﬁfﬂﬁ )

PL(X|Z) = Zw
P;(X|Z) = Zw

2.2.2 % HERHHXT S

FEMER AR NS B TR, AR 5C T MR 2
A Z IA) ZE 52 IR B B, BAR R AR 97 (KLD)[19 AW

k_xk )

xk—x

2} Jlog L (1)
mDM@E#ﬁMéﬁﬂgwAmz\ﬁmmﬁﬁ
%

FEBRERUS, T8 H NI KLD 25
K(fGrnd; :ijrnd xz 10 fG‘;.r(ld() )di]'] (12)

Forb f O 55y B AR IR DA, farma N5 E

ST I IRE R A0 AR, K (faeas f) FIEBCR,
RS L IR A5 R

ASENI T 2 HARTSE O, St 24N 2 H g
s NIRRT BRAE ST X — T, B
TN GRS T FAUT 5 H AR DL 757 24 (2021
¥

(P P IPL

R G R). IXEH’JKLDﬁHﬂ%F%*EXﬂLﬁ:
AR T AR G o 5 I EORL 1 AR I AV R MIX—1E
BN, R IASRL T RO 2 H FRIRES AT 148
B RALE.
2.3 HEIER
T v AT B 1) KLD 75 22 5 AN P56 e 4F
(R AR 0 HEAT LR, AT A 7 B SR AE 5 22 KL 1 3
H. ok 7 SR 20 560 (8 18 I 1R AN A8 1k A B 4 22
— B[R] R 3 ok o S5 P AN RE 1 4 5 1 KLD 1
AT . FARE AR Ry, 8 S T 6 40 I, SR A
KH&?%&E’JW?EZ%%%??% HbR BRER, DB 45 R A
WAL AR (o, 27 R, F (@l 20y Emex | Hirfr
Lo A% Hbrdg 5t E’J%ﬂﬁ%ﬁ@ﬂh?%[ Linax N2 K

dX. 13
X) (13)

(PR 45, B — k148 T DLER Mg N S0 0 A0, th
3 (10) AT (13) TH 3 1 KLD, K ix—&5 B e Ay i

18, IITTHAE 6 E’Ji‘&ﬁ BRI, 3 AN [ R B ] a7 55%, 1)
B AR R 0 X — i R B A e 1. X T 5%
RS DR, AR e 56 5 B AT B T 1 0 50925
BEAT PEGH 434 A0 B H.
24 HiEfiR

S FERAR T

HIah k.

Step 1: k£ =0,

Step2: fori = 1to Ly do,

Step 3: a5 ~ go(a).

Step 4: w(()i) = qo/No,

Step 5: end for.

A,

Step6: k =k + 1.

PHD Tl

Step7: fori = 1to Ly + Ji do,

Step 8: VAL {7\ b

Step 9: end for.

PHD H0.

Step 10: input zi € Zx,

Step 11: fori =1to Ly_1 + Ji do,

Step 12: 157 {wy))., 71, }



1000 Iz #] 5 * R %29 %
Step 13: end for. ). B Hh A~ )is sh ALk T
E}”JHJC T =

Li—1+Jk ]
Step 14: S Ny = Y a, 10T 0 T2/2 0
j=1 010T 0 T%/2 | | vk
Step 15: ¥t L = Lj_1 + Ji, o010l ¢ o i |
Step 16: 135 {wy /Ny, 7}y 000 1 0o T
. () (DL - e ‘

Step 17: output {w;,", 7" };;. oz A HARIRE, BELE (214, 204 TR E [25 4,
S0 20 TP AL R FI T = Ls: SRR (v}
Step 18: input {w}”, 7" 1L, T {8 b AT LA 7 (1 6 05 18 7, I8 5 4
Step 19: 55K, ZEN 0y, = 2m/s?, 0,, = 0.5m/s>.

Step 20: output X = {Z1, %2, , 25}

LT RHOR A AR B

Step 21: input IEMAL G TR S {wl”, 200} 2 |,

Step 22: set H1H 6, Z¥ a, b, c,

Step 23: L L = aL MRET, 13 {0y, 20 }E |,

Step 24: THH LMK L Pr(-) R P; (-),

Step 25: HETHIXG D = Kp(Pr(-); Py (),

Step 26: if D < § then Ly = bL,

Step27: else Ly = cL,

Step 28: output Ly.

HURAE.

Step 29: input IEMLF R T4 {0, 202,

Step 30: HRAE Ly, ANRI T,

Step 31: output {w,(f), xl(f) |5

Step 32: ¥ %2 Step 6.

T 56, BEAT SRR, Lo ARG KL T RUEL,
qo(@) AR SN RAE R AL 2k > 1, 24748
ARV E B HRL 1 R AR, PHD BGI 2D I 46 BEAT
Step 8, W3\ (3) ~ (7). HoH: Ly, AT Ik 7 AL,
T RBTERL T R NTIAS B T S kL AR
LGP, 3 (8) AT (9) XbkL 1 £ 5 2EAT BB
J A9 B SR S (RO AR . A8 IE WAL ER S, 545 2
LS K T4 (o, 2OVE | Horr L rh
Az, W] SRR EVER 2 H bR IEAT S, 5T
AR SR T AT I, R R T 0<a <1,
0<b<1,c>1 WARALRSIT, WA LK 3 AME
ICAE 1 IR, B & AR R -7 B AR A A 28 i e 2, )
AR EARKZH. &a, BT — B E AT
TERRERR TS {wl?, o x|
3 fiESR
31 fhEER

N T AR W be th SR A R, Bk — A Ak
&Z bR 5. AR EONIR SR AN, HAE—
A~ [=1000, 1000] x [—1000, 1000] (m) [ — 4 2% (8] Y

XTI A F bR, ARSI TR R IR, N ) 3 R

By =05N(z,Q). Hr
0 100 0 0
0 0 10 0 0
T = 7Q: )
2 0 0 25 0
—2 0 0 0 25

W1,k

SREE AT N (52, Q) Roamn — N 2. T %R
Q WIEA /.
H b BT 46 50
1000
= [o 10 O]IH lwz,k]’

Ferp {wy i}, {wo i b oA AR BB () 75 157 1 W 7S A Y
MFRAEZE N 0, = 0w, = 2.5m/s2. 42 JEIH (1R,
Tok AR M P R g 7 A R

X T 2B R, B A AN I 5 X It 35 5 4y
A, I HH — AW BEALAT FRAE AT A5, ik o
FE R kk(z6) = Ae(z). o X BRI 03 9%
BRI, c(2) N4,

VT O 737 B R SR VA = 7l 1 A <
HARTE—AS TN A .S58 v 75 B IR R 4 A
HAx, FdEAT 100 AN IE2E. H AR 1 RTH B8 2 /7355 T3
AR, HAR 3RS 10 I 18] 20 AR, H Ax 4 7054080
10 AP T2 A HARKIAE TR LR UN egpmr =
0.95, BEAS H AR AR Pp (2) B0 1, A 3 FE
o\ HUE Y 20.

WIS, CA H br oy B R 7404 1000, H74E
AR 23 BE KL 7~ 50k 500. H R X600 1) ek 592
AR, X H SRR R R AR AR . B AR BIE
b, ZHH e = 0.8, b = 0.8, ¢ = 1.25. FEVERAE
RIECK 22 H BRI 75 5
32 MEEIT

B X 5 ATY D7 ) b AR R 2SI A T
LI A AG V25 B B g L B Sy
KAEMT 2 B brdysth Beig db T 50U (R ERER.



& R E: ATAITR BRI B ERABE R EH T 2T X 1001

Fo6 M
10
E
S
=
200 40 60 80 100
t/s
(a) X J7 A
E
=
=
_5_
Pae—
,10 I I I I
0 200 40 60 80 100
t/s
(b) Y5l

1 BfEXMESHEITER

% L& FI F SIS IR BEALYE, JEHEAT 100 SRR
STEL. B2 24 100 KSR D IR i se ity X
X HARAS B AL T3 JE s R i 2 W, B
FEBUy A RENS IR T H A H

4.2

9%}
[ee}

w
~

target number

[oressreed p—

average estimated

95}
(=]

0 20 40 60 80 100
t/s

2 BHRMEsEITTTSE

F H] OSPA(optimal sub-pattern assignment)?2!ffif
B2 HARERERSIETERE, Jh OSPA ZHE U, p =
2, ¢ = 20. ¥ P SEE )y 205 s s Ty AR AT
oA, oL gf R an ¥l 3 fros. B 3 nf 0L, BT Hh S ol
77 3 (ASMC-PHD) (1] OSPA £ 5 75 A0 43 I 1] 35 4
N T IR ST S (SMC-PHD), BRIV 6 i SBT3
FER 53 TR) 22 A T 3R S 7 =G

—SMC-PHD !
--ASMC-PHD

OSPA

3 OSPA HREIEMEER

SR 1D IR 1) 90 G 52 W 46 A 5% 1, 100 25 1 °F- 45
e B s B 7 380k 176,50, S8 sz 8 )5 Xk
198.10 s (Matlab R2012a, Intel(R), Core(R), Duo CPU
2.33GHz, 2.00 GB), & B i 4 H 52 90 5 204 T e 7Y
ST S ERER %

S A R AL TR A H AR IR IS FEL TR AN
9, TSR AR RL 1 4R v DX A AT i B B B
A= H bR A 8 kL 1y 2K P R, B H
PRAEEE 10 42 H IR, 260 HARLESS 90 20 W5 2k, KIILIA] 3
rHORE I B 21 1) OSPA B 25 tH IS K R 906, XT3 18
A, B th 7 30 A ST SR 4. 20 28T

f, HARNEORURES & T Fa0e, e th sl oy 8 T
SRS 7 KL A 90 PR, (T 2 A HARAE X J7 17
(IR S AR AR, 5T AE T4 1 S B 7 X B R 7
5 5 IRM RS L, R R > T X %
HARRZS B I, PR B0 T OSPA i 251 K - g gl
S5 SR L.

4 4

A IS 2 HARAS R G IN, @A T AT
AR (1) PHD JE 9% 2% SMC sz 35 . %05 X 7
R T 5 rp Al [ s B R B H S O, (e et
PRI A I 2 RS Sh A& IE R4 H . U7 TT 4 R,
SR RN BN BE, T A RS 0 s Ty 1A
RKEB Gy I T A T SR S 77 XL R, g th o7 ik
5 IAF R ek g i AN, T H bR th AR R A4
FAH LA Rt BRI

22 ik (References)

[1] Bar-Shalom Y, Li X R. Multitarget-multisensor tracking:
Principle and techniques[M]. Storrs: YBS Publishing,
1995: 307-372.

[2] Mahler R. Multitarget Bayes filtering via first-order
multitarget moments[J]. IEEE Trans on Aerospace and
Electronic Systems. 2003, 39(4): 1152-1178.

[3] Mahler R. PHD filters of higher order in target number[J].
IEEE Trans on Aerospace and Electronic Systems, 2007,
43(4): 1523-1543.

[4] Mahler R. A survey of PHD filter and CPHD filter
implementations[C]. Proc of the SPIE Conf on Signal
Processing, Sensor Fusion and Target Recognition XVI.
Orlando: SPIE, 2007, 6567: 1-12.

[5S] Streit R L, Stone L D. Bayes derivation of multitarget
intensity filters[C]. Proc of the 11th Int Conf on
Information Fusion. Cologne: IEEE Press, 2008: 1-8.

[6] Erdinc O, Willett P, Bar-Shalom Y. The Bin-occupancy
filter and its connection to the PHD filters[J]. IEEE Trans
on Signal Processing, 2009, 57(11): 4232-4246.



1002

S # 29 %

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Vo B N, Singh S, Doucet A. Sequential monte carlo
methods for multi-target filtering with random finite sets[J].
IEEE Trans on Aerospace and Electronic Systems, 2005,
41(4): 1224-1245.

Whiteley N, Singh S, Godsill S. Auxiliary particle
implementation of probability hypothesis density filter[J].
IEEE Trans on Aerospace and Electronic Systems, 2010,
46(3): 1437-1454.

Vo B N, Ma W K. The Gaussian mixture probability
hypothesis density filter[J]. IEEE Transactions on Signal
Processing, 2006, 54(11): 4091-4104.

Vo B T, Vo B N, and Cantoni A. Analytic implementations
of the cardinalized probability hypothesis density filter[J].
IEEE Trans on Aerospace and Electronic Systems, 2007,
55(7): 3553-3567.

Mahler R. Statistical multisource-multitarget information

fusion[M]. Boston: Artech House, 2007: 609-631.
Ristic B, Clark D, Vo B N. Improved SMC implementation

of the PHD filter[C]. Proc of the 13th Int Conf on
Information Fusion. Edinburgh: IEEE Press, 2010: 1-8.
Yan X, Han C, Liu J. State extraction of probability
hypothesis density filter based on Dirichlet distribution[C].
Proc of the 13th Int Conf on Information Fusion.
Edinburgh: IEEE Press, 2010: 1-6.

Ristic B, Clark D, Vo B N, et al. Adaptive target birth
intensity for PHD and CPHD filters[J]. IEEE Trans on
Aerospace and Electronic Systems, 2012, 48(2): 1656-
1668.

Baser E, Efe M. A novel auxiliary particle PHD filter[C].
Proc of the 15th Int Conf on Information Fusion.
Singapore: IEEE Press, 2012: 165-172.

[16]

(17]

[18]

[19]

(20]

(21]

(22]

Fox D. Adapting the sample size in particle filters through
KLD-sampling[J]. The Int J of Robotics Research, 2003,
22(12): 985-1003.

Karlsson R, Gustafsson F. Monte Carlo data association for
multiple target tracking[J]. Target Tracking: Algorithms
and Applications, 2001, 1(1): 1-5.

BB, 52824, T8 BapLas N Fol s il 5 4k
R 1 PR T R 0. T R E AR {5 EREE,
2008, 38(4): 565-578.

(Duan Z H, Cai Z X, Yu J X. The adaptive particle filter
algorithm for mobile robot software fault detection and
compensation[J]. Science in China Series E: Engineering
and Materials Science, 2008, 38(4): 565-578.)

Kullback S, Leibler R A. On information and
sufficiency[J]. The Annals of Mathematical Statistics,
1951, 22(1): 79-86.

Hoffman J R, Mahler R, Zajic T. User-defined information
and scientific performance evaluation[C]. Proc of the SPIE
Conference on Signal Processing, Sensor Fusion and Target
Recognition X. Orlando: SPIE, 2001, 4380: 300-311.
El-Fallah A I, Mahler R P, Zajic T, et al. Scientific
performance evaluation for sensor management[C]. Proc
of the SPIE Conf on Signal Processing, Sensor Fusion and
Target Recognition IX. Orlando: SPIE, 2000: 183-194.
Schuhmacher D, Vo B T, Vo B N. A consistent metric

for performance evaluation of multi-object filters[J]. IEEE
Trans on Signal Processing, 2008, 56(8): 3447-3457.

(FrAE% 48 FRBLE)



