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Abstract: A particle filter track-before-detect based on local search sampling is proposed to deal with the low sampling
efficiency in high-dimension state space for the particle filter track-before-detect in a class of state partially observable
system. After the update of the posterior state, by using the prior distribution information of the unobservable components,
a kind of local search sampling strategy is executed around the estimate of observable components by a small amount of

particles, which improves the efficiency of state sampling for particles. Simulation results show that the new algorithm

obtains better detection and tracking performance.

Key words:

.

1 51 5
S I I R B (TBD) A2 AH S A 48 S 40 ) Ji B i 11
— M kb BET7 5. TBD n] PLEEG S 5 A s 1R 47 b
PR, BREE G A PRI S 22 Wity 22 I R B B, (] e
B AT H s B T 1 7R . TBD Al BLEE 78 43 Hu Rl
FHENE B, 2 AL B e L H AR AT RO 1e.
1EAX % TBD J7 ¥, e TR -8 3k (PF) 134 )5
TBD J7 i WU iz —. &80 798 9% (1) TBD
(PFTBD) 5% § 2 i1 Salmond 252142 1, H Ristic 25115
ARSI R e AT T VRN 1 ar A, JF i
Boers Z£B15e38 TR TR FRS. J5 3K, Rutten Z54517¢
IRWFFUIEA B, 5 — A 201 PFTBD 534,
Ifif Maskell 5510142 Hi —Ff 73 41 = PETBD ) i & 532
Hlinomaz ZE7 U4t —Fh 2 1 % Z 454! PFTBD 5V

Yis BER:
HEEWA:

2011-06-12; f&[E1 HH#A: 2011-09-24.

state partially observable; track-before-detect; particle filter; local search sampling; infrared dim target

P 25 LEALER LRSI Y | R B89 1R LA R
ek PETBDY-131, Hlgh H ARU4 | Hak py HULSIDL & %2
Pl B 2R AUV E T A T KW, (HK 2 #5HE
Salmond HVE 440 N AT, HA BEVERCRE D,

ASCER X JE PFTBD Sk, il 1R (1 4 4
A DA BRS040 T 000 48 Jit IR 3 ol PR R SR A 25
B2 A 8, LA Rutten #5503 00 SR A, 42— Fb ok T
JeI A8 R K AE I PRTBD $7v%. A% AR R 7E %
FEE R G R — /N4 R -1 5 BIR A Al T b 2 gk
AT/ DX S A R RAF, BIVAR IR A [r) £ 72 115 AT 43 ) DA
Je RS T AT FSEEG 73 A1 R AF, AR5 5 H R AR R
TIFEZ T I ZPRAAL T, 5 AR R A 2%
PEFI 2 FEIE. 7 45 R, B B3R T A A
W5 Ak v Re.

K BREFEE ST H (61075029, 61074179);  fiiaS R4 T0 H (20090853013).

fEEEI: BHHEA976—), 55, WA, WGt H AR 5 IR (5 B RS SE0E I, Wat(1961—-), 5, 0%, 1L,

MEEE RGN 2 HARRER S5 YU ST



5512 W e 25 —AP KT B 3dL & RAF 6K T IR A M AT SR IZ F ok 1913

2 AR
2.1 BirERE
5z H AR A M NG Atk s A0 Tt i 2 AR Y, /)
sk = Fsg—1+ Vi, (1)
Hrp Vv, o W E W R S, 07 2208 Q. HFRIRES
) &0k 5 4E, Q3G o Ry 7 In A B R . H AR,
R

sk=1lop % yp Uk Ix ) 2
RSHREHE
F, 00
17T
F: O Fs 0 9 Fs - 9 (3)
01
0 0 1
TR P By 25
Q. 0 0 o
Q: 0 Qs 0 y Qs:q1 1'2)2 2 . @)
0 0 T 5 T

Forpre T R SRR TR, gy A i 5 e 75 (1) 1y 23 3 % T
g A H b ] 8 o JBE W S ) )y A i 2 B I K H bR
SEAFAE TR DN, B H ARAFAE AR i By HiA.
R — A & Markov 8, B E), € {0,1}, Hh
Ey = 0 RN HIWARLELE, By = 1 R HARMELE. 52 X
EL B 1) H A 5 031 KA 23 31l ok

Py = P{Ey = 1|Ex—1 = 0}, &)
Py = P{E}, = 0|Ej_, = 1}, ©6)
TIJRE 25 26 0 R Iy
- 1-P;, B . 7
P; 1-P

22 MER

T L PRI ASE TR 2 T Ok SR FH (1) B A0 2R 21 A ik
MDA T 251 A AR A 5 A #1 J5 hy 17 51 A,
— i 5 h npixel x mpixel, FAME FE R N —4~ K/
H AL x Ay WHETE DI, 21 & 1) 50008 B RS
FEHICHRRE. B R IC 6, ) 60 = 1,2, ,n, j = 1,
9, ) IR

Wi, B3 =o.

b ROD) () A H BRXHR 2 TG (4, 5) AR SR E 1) DT
WRAE S W) Sk 26 87T (4, ) A BRI e 7, 8% 34
B = 5B 2 A LU L i 5 iz (8] &S AH By, H
WD) 0 N(0,0%). FERZ] k 55 2, =
O =1,2,-+ n, j=1,2,--- ,m}, TLERZ] ki
GEMMEEN Zy = {21, , 2} WH RO (5) K
TR IS ) R SR BRI, 9RO I (R R EH AR R R
R(i, ) W FEIT LA

®)

R(9) (s) =

AwAyIk (l‘k — ZAw)Q + (yk — jAy)Q
omxz P ( - 2572
Horp 2O LT ME RSSO0 2R 5

3 ET R R RAE K PFTBD 5H.2k

WX (2) 7R, PFTBD 7 22\ 5 4EAR A5 AR AT
H SR 4 B0 i, B0 B 2 IR W R A T K,
Frag k5 B 2. R E], e ) ) k)
MR G AT — AR TR S, RURAH 27 &=
Xof e PN A B vk, X R s e AN A
il T 3ok R AT AN [ PR R, T SR 1) Bl A R A
FEANTAL. B 24 i AN A N 24 i ) v B 145
B, AR AT H 28, JLA T FH A A AL
ZESY TS, E bR R A B AN T e U, R
FEE A A, SR A BE AR L b SR AR AE H bR B B I
7328 5 5 PR SR A 2R AR A T PRI e e, G AR, 7
LIRS B IS TR, 5738 — SR IR T e
T 5 0 SR e 2 i R B, P bk T 0L A P R
PFTBD $3% Pl i (1) SR A SR s 0% 0 LU LI, V5
K.

X IXAN ) R, ASSCIA A AT BASE BRAE I 255 R
MG RS BAERAR B, H—/ Nk 7E 5 Rk
T BT AT — I e 48 2R AE, DLER sk 74 3k H
PRECSIDIRAS R ). BTy vk, A0 B A0 o B A0 R
ASAGVHE T RAE, LAOR IR G 1R SR 4R 1, 1T 3k 3 25
NS 56 % 8 v SRR, DABRAIE 2 07 75 T RE 0 BT 1
Bs AR 5 At 4 Sk 1 4L A BT I SR T4, T
[ 2 5T — W 20 RS54 F I AR, SR mT 4 vy 444
(I SRAEAT R0 R 22 R, 00 144 v 3 ARSI ARE 4 A Ay
TR BE. R 0 4% 2R KA AE 57 38 9 Ff PETBD 22 44 T #18
AT LASZEL, B 145 T 7E Rutten 5035580 R 51 )5
R AE (1) PETBD AE 8], 52 2R AE P k33 384 1) R AT 5
5.

). ©

B N e

LR
wa|s AR N
fii] JESSi

A

R T R a—

1 SEMEZRFAE PFTBD BIAHER

<

TS H AR SCHR 3 T R 4 % R A PETBD
(LSS-PFTBD) &%, B4 IRUIF.



1914 =

K

* * %27 %

18 ¥ H A A5 W1 46 B 210 (6 77 AE 68 Py, 9F 8

T BB Ny DI URIE SR FER T {sb]i = 1,2,
.. ’NCI}.

1) 72 A2 Ny AN T S BRE 1SR AE, B R B0 88 1L
Ir AT LR 256 SCHR [5), R vk A — SR T
JE T A E R AL E.

2) HRGESE TR (1) ;=E N ANMEGRT, T
JE I — A AT — L.

3) ARHERL AL TE TR A .

4) AR A MR ST P 2EDKE TR,

5) fr9F Ne + Np NP7, NP ERFEA S Ny A
K, AR TR

6) Mt LI — A E A HAF MR Py

7) G55 AR BRI AE B A D N, N
ki, I IF Ny Al Neo 2R IR 21 1R 2 Sk 1
£ Ne. X T2 5 H AR, JREHE 2 R

(c2)i

Xy = Ty (10)
y]E;CQ)i = Qk|k7 (11)
I;ﬁ‘ﬁ)i _ jk‘k’ (12)
(e2)i e 13
Ty M(‘rmlna xmax)a 13)
y';(:2)i ~ ;u(ymina ymaX)' (14)

A ST IR A SRk LA /IN R 3 S R 1A J5 IR A
B )5, SRR Ja S ASE R s BT R R K
FE LB ISR AE K 22 REPERE 200, B2 mdi 3k 5 bR (0 hE
TR IR, PR S 5 TBD (] 1) 2 45
R FIR A HE 23 0 MR GE R R A G, Wi AR
AR FERE AN, A BT
4 iESEBAMER

PA—AN 2 221 1 9 (1) 54 H brdg 5ok EE R
LI, B PRTBD S92 FH A 3L ot 5092k I AH
[F] (1) 2 B, 1 UL I e 75 7 2 45 BIAS [) R 45 48 L.
N, = Ny, JREERSRFHHE N = 2000, Sk &%
FIRL T $0 535 N = 2000 F1 N = 600, K IKAE 1~
9dB I &1 3 000 A B HABSEGBE W R

SR ITCEH nox m = 20 x 20, 2) HE LTGRO/
Ar = Ay = L BRI R Y = 0.7, REEBME P, =
Py = 0.05, 245 HArfE MR Py = 0.05. &)1z 5)
f A Hobr, R T = 1, B 5 K g =
0.001, go = 0.01. H &5 ILAE T IS Z, W 5 78 22 I
2, B FRAEAE I A B Sk 16 AN 221, o 0 s o) < i
H 304NN Z. H ARG S EE Iy = 20, HAJMIRE
sy = [4.2 0.45 7.2 0.25 20]T. H7 IR 77 B R AT
I3 A1 A BT 53 FE B0 A B A SRR, AR 4 A hy

i~ p(=1,1), 50 ~ p(—1,1) B LY ~ (10, 30). J

TR R RFEMRL A Y LS BN = Noo/N. = 0.1,
KFE N RS RN

N4 HAESNR=6dB T {145 8. £ K1) 1L
B SO B H AR AR AEME R M et i 2 o, B3 45
T AN TR E 2t 2R 10K U0 A %, Bl ROC (receiver
operating characteristic) i £&.

1
]
w 0.8F P |
N P F__‘
= /e 3
e X § 3
i %

ﬁf 0.4 F ;-owPFTBD §§
= ~+-LSS-PFTDB-N200
T 02F - <~ LSS-PFTDB-NG000  #8-wmqy

M —— True

0 10 20 30
1
2 BREESEMIT
0.8 __-
5 0.75¢ P
B LT e
=0.65F T
bl e
055 2 PFTBD
B ’ - LSS-PFTBD-N2000
0.45F — - LSS-PFTBD-N600
0 0.05 0.1 0.15 0.2
3 HiMMERE ROC BhZk

H 1 2 FH 13 0T BUE S0k 59 i BV 3R
57 5 i 1A HE BN Ak T RRS: 0 M R, O VR A
N = 600 N R PEREATD SR B 5 T Jsl 0.

A~V 6 53900 R L S P RS A 1R ¥
FRIRZE (RMSE) Bl I [H] 48 4k, i 2. A I, 75 v {5 g
R N N i = RPN o i e - RN 7 | DO R VAR
RV JEE Ak U S A b 1T B £ N LG 1 RIS,
PV B IR 25 R B AR, ok 5y
(LA BT AR /)N, ST T8 BE AL 71 22 RMSE,,, T —
73 R TR B AN S50 23 A7 RS, CRAE TR AR,
R 7 TSR W AE R D, AEN T Bl A —
SE T, TEWI B, 34 RE A5 TF 1% %2 RMSE,, [ i 5 5
Sk E. FERR AR RRAE B LU, fAE KR S B E
T FEACL ) R 0, A7 R 580 88 R () SR AR A A1,

7

- PFTBD
w \  —-LSS-PFTBD-N2000
2 st - - LSS-PFTBD-N600
m \\\
= \
=z 3 KX
}”ﬂi \ji.\t -------
2o N

0 5 10 15 20 25 30

U]

B4 MEM[ITRE



5512 W e 25 —AP KT B 3dL & RAF 6K T IR A M AT SR IZ F ok 1915
0.65 >~ PFTBD F1 N =2000, Pr = 0.05 BH&ME T4 S 1+ &R 8 7
m V. —-LSS-PFTBD-N2000
2 0.55¢ M\ ~ - LSS-PFTBD-N600 PFTBD LSS-PFTBD
& AN N/A N =2000 N = 2000 N = 600
+ 0.45F ‘}\\
:\'E ‘31\ A=0 A=0.1 A=03 X=0.5 A=0.1
@ 0.35} \f\\\ Pp 0.5399 0.6754  0.6780  0.6694  0.6249
= 025k '\,:'"\": RMSE, 03970 03696 04307 04814 04256
. . RS i(s) 0.6117 06249 06283 06274  0.1924
0 5 10 15 20 25 30
v £2 N = 4000, Pr = 0.05 FHTIETHESS H ER 8 7
5 BEMINRE PFTBD LSS-PFTBD
5 s N/ N = 4000 N = 4000 N = 1200
o e A=0 A=0.1 X=03 X=0.5 A=0.1
§ ; Pp 06055 06971 06947 06835  0.6589
;‘: 47 ________ RMSE, 03371 03366 04181 04712 03902
io i i(s) 11260 11565 12418 12367 03502
2 # 7 -PFTBD _
HoO3f - —-LSS-PFTBD-N2000
~ ~ LSS-PFTBD-N600 MERIRF 2R 0] LE B, A F k5 20T,

0 5 10 15 20 25 30
iy

6 EREMITIRE

HE BEARAR, BEI T A, T 06 SR 52 B . — B ()
ZJa, Ao RH i RE AN TR R RS T N, R A TR
75 RMSE, S8R FLIGE T %, BRikz ob, R &
SRAFE o HE ARSI AN HL A% 23 B Ak v B2 A ) ).

K730 25 T DU v A el JE SV 4E 1~9dB
()1 249 6 0 M 36 (P ) Xof b il 28, 3 FL ] 5 i 0 g o
(Pp)70.05. WNEI 7RI LLFE tH, fE4dB LA BI85
A ZE AR K4 56K, LSS-PETBD A A} Jit 42032 ] LA 3k
3 1dB 2 45 ({34 25, 17 LSS-PFTBD 7E N = 600 1] LA
MU R SLEAE N = 2000 3545 0.5 dB A A7 1148 25
R, Bl 15 W LG ) BAIS (an 3 dB BAR ) i 34 ks
HEORT S KA, RS 5 ik T 1 B PR T 5 e AR R A
)N,

0.9+t =
ol o
| e
= e
£ 0.5 P
&0 ,/‘//:.""
= 03} 225 PFTBD
i ) 7%= —-LSS-PFTBD-N2000
01 == - -LSS-PFTBD-N600
1 3 5 7 9
=1 1a4

7 REMERE LT BRI 1% E

7 LSS-PFTBD 53k 1, ot 2 80 2\ % SE A
DAL THPE e RS AT — e . R RR 24,
th 7 SNR = 6dB It} J5t 5% F1 LSS-PFTBD %7 43 7l
FEAN TR () MEFD N AH R (R DA% Pp ([ € Pr =
0.05)~ 34 & - 14 15 22 RMSE,, Al ¥ Y F )38 47 1 [ €.
MEEVS FE, w53 e A 1 0 2 SR R
FERLF, T 5 348 28 KA L 1 32 B o R AG I BRI,
JIT UL 3B 4 2 RAERL T E H ASEACK.

A= 0.1 I R IR0 ASG F 2 B8 A, N BRI, RS
PERES T B, SR AR ZE 8 I bR, X 5 iR T
S AT R AN G NS R, N B/,
KFERLT B H WD BH A 2, FRFE I R 8D,
75 4 2R SR A 2 G I ok B, AR S S B
Tk, REIA 2%~6%; N\ BRI (LL T 0.5 ), %
FE IR [] g A AR R A 22, A B30 TR AR R B (L
RETF 4G T BEAR R, m WL HSRAY AR S0 v BT o 1R I TR
Lo FE RO, X5 W R IR A T B AR AL, Bz,
NI, BRI REAN I 125 75 0.1 PRI I 45 72 1 R
feF5 LSS-PFTBD 1] L1545 2/3 /LA v H A i
5 4 w#®

B St 23 43 T &R 45 (¥ PRTBD 55 b 1K
FERCRE 22 (1) ), $2 7 — b s 048 2R TV T
FT-PFTBD jr] @it &)l % KA LSS-PFTBD $.72%
% PFTBD (1A VERESRAF BRI T, Hak v Ll S
& M PR (1) 42 R gk AT 25 & LAk — 22§27+ PFTBD [ 1
fe. (H 2, EARMGAE e L) 1 3 dB LA, PFTBD [#) %
REFE THUIAR BN R M. AR I UK 48 2 H bR HL
3] H ¥ TBD ] L J2 #-Ff TBD J5 ik 25645

£ % ik (References)

[1] Ristic B, Arulampalam S, Gordon N. Beyond the Kalman
filter: Particle filters for tracking applications[M]. Boston-
London: Artech House, 2004: 239-259.

[2] Salmond D J, Birch H. A particle filter for track-before-
detect[C]. Proc of American Control Conf. Arlington,
2001: 3755-3760.

[3] Boers Y, Driessen J N. Particle filter based detection for
tracking[C]. Proc of American Control Conf. Arlington,
2001: 4393-4397.

[4] Rutten M G, Gordon N J, Maskell S. Particle-based track-
before-detect in Rayleigh noise[C]. Proc of Signal and Data



1916

S %27 %

(5]

(6]

(7]

(8]

(9]

[10]

(8]

(9]

[10]

Processing of Small Targets. Orlando FL, 2004, 5428: 509-
519.

Rutten M G, Ristic B, Gordon N J. A comparison of
particle filters for recursive track before detect[C]. Proc of
the 8th Int Conf on Information Fusion. Piscataway: IEEE
Press, 2005: 169-175.

Maskell S R, Weekes K R, Briers M. Distributed tracking
of stealthy targets using particle filters[C]. Proc of IEE
Seminar on Target Tracking: Algorithms and Applications.
Birmingham, 2006: 11-20.

Hlinomaz Peter, Hong Lang. A multi-rate multiple model
track before detect particle filter[J]. Mathematical and
Computer Modeling, 2009, 49(1/2)' 146-162.

SRNVAR, M3, WK, A TR0 IR 59 H Ak
DT ERERSHILT]. ARG TR 7 HOK, 2007, 29(12):
2143-2148.

(Gong Y X, Yang H W, Hu W D, et al. Particle filter based
track-before-detect algorithm for weak targets[J]. Systems
Engineering and Electronics, 2007, 29(12): 2143-2148.)
WV, U R, Wi, BT Dk IR AL AN F
FiAer B AT ERER S0, 425 B, 2005, 20(11): 1208-
1211.

(HuHT,JingZL, Hu S Q. Auxiliary particle filter solution
to track before detect for small infrared target[J]. Control
and Decision, 2005, 20(11): 1208-1211.)

REE, E 5, R 5T HRAE R T g BRI
HTERER)]. 723 4 d Ik 2 Be 24, 2008, 22(1): 25-28.
(Zhao Z G, Wang S Y, Tong W. Track-before-detection

(E#EZ 1911 R)

ATOL. B b
A ﬂék+ﬂjﬁ)§zﬁ 2002: 42-45.

(Yu — LMI method[M].
Tsinghua University Press, 2002: 42-45.)

L. Robust control Beijing:
Chen W H. Nonlinear disturbance observer enhanced
dynamic inversion control of missiles[J]. J of Guidance
Control and Dynamics, 2003, 26(1): 161-166.

LI, BRI IS, R, Hoo B #4555 PID ¥4 il AH 45
A ITE AP AT AL AR, 2006, 27(2):
192-195.

(Jiang Q, Chen H M, Wu J N. Research on UAV flight

control based on PID control and H., robust control[J].

(1]

[12]

[13]

(14]

[15]

[16]

(11]

[12]

based on resampling smoothing particle filter[J]. J of Air
Force Radar Academy, 2008, 22(1): 25-28.)

SuHT, Wu TP, Liu HW, et al. Rao-blackwellised particle
filter based track before detect algorithm[J]. IET Signal
Processing, 2008, 2(2): 169-176.

Li Cuiyun, Ji Hongbing. Marginalized particle filter
based track-before-detect algorithm for small dim infrared
target[C]. Proc of the 2009 Int Conf on Artificial
Intelligence and Computational Intelligence. Shanghai,
2009: 321-325.

RPNGS, BREL, M5, A OB T U S A I A ER R
BESTVAT]. 115 UK, 2010, 25(12): 1843-1847.

(Wu S Y, Liao G S,Yang Z W, et al. Improved track-before-
detect algorithm based on particle filter[J]. Control and
Decision, 2010, 25(12): 1843-1847.)

ORM, B, #i K Pk T MMPE-TB (L3 55
FUARRL I V(7). 6 HU TR, 2009, 36(11): 29-34.
(Huang D Y, Xue A K, Guo Y F. An MMPF-TBD
algorithm for maneuvering weak target detection[J]. Opto-
Electronic Engineering, 2009, 36(11): 29-34.)

Wu Z, Su T. Radar target detect using particle filter[C].
Proc of IEEE Int Radar Conf 2010. Washington DC, 2010:
955-958.

Ji Qingbo, Yang Yang. The arithmetic of tracking before
detecting of dim infrared targets based on particle filter[C].
Proc of 2nd Asia Pacific Conf on Postgraduate Research
in Microelectronics and Electronics(Prime Asia 2010).

Shanghai, 2010: 229-234.

J of Astronautics, 2006, 27(2): 192-195.)

Bt FIE I, SR B AN 8 8) Hoo 72 d B0
L ATET). VHAALIN RS 7], 2008, 16(6): 802-805.
(Duan Z, Yan J G, Dong W Z. Lateral motion H.
controller’s design and simulation of UAV[J]. Computer
Measurement and Control, 2008, 16(6): 802-805.)

S0 HeTh, WA, BEBR. HEF CMAC 6 A B 5 4 A
RATEEHIBEITUD]. R SR S, 2000, 28(7): 37-40.
(Liu C G, Yang Z, Fan Q J. Research on multi-UAVs close
formation flight control based on CMACI[J]. Transducer
and Microsystem Technologies, 2009, 28(7): 37-40.)



