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Abstract:
on state-of-art TBD methods was then presented. The paper paid special attention to the following TBD methods: dynamic program-
ming, recursive Bayesian filtering, finite set statistics, histogram probability multi-hypothesis tracking, and also the relevant applica-

The basic principle behind the track-before-detect( TBD) scheme was introduced, and an overview of the studies

tions . Finally, some key issues to enhance the precision and robustness of dim target detection and tracking are indicated based on the
progress of the existing research, which deserve more attention of the researchers’ for solution. These include : performance analysis

and evaluation of the existing TBD methods, the TBD solutions for closely-spaced and/or maneuvering dim targets, multi-sensor fu-

sion for the TBD problem, joint target detection, tracking and classification(JDTC) for dim targets,and so on.

Key words:

1 3§

H ARAS I 55 R 2 T A i ) 32 B A8 i 4 ol
M RGN B D) RE . AL B B O 37 FOULI IS |
R {55 2 W [EIR G2 A8 i i th o — i 14

n,b\,%ﬁjﬂ%%%%ﬁm B R 5 TR A 2R AL s

HERIBEUR R N o PR T N (R S e g B
ARG 5 R B A ) P 5 Ak 380 gt R i R — 2
T A, SR 0 A A AR e 58 O BB AL B, HLXE
ARSHEAT AN TH I 5 H AR, BRI 5 R E5 (Detect-
Before-Track, DBT) £¢ A {EAE 013 (5 515 1 HL AR B, A1)
B i PR A0 A 4 BB H s 3 5 5 R AR IR 1, /5 4 7
Az AR 22 AR .

Wk B 4 :2013-08-30; & [0 H 1 :2013-11-26; 33 T4k : 22 0%
HATH B R B RFHEHE4 (No. 61101181, No.401486)

dim target detection; track before detect; dynamic programming; particle filter; finite sets statistics

AR SR A5 (5 e LU AR H AR PR D 58 H AR . B
X455 H bR R 5 B8R 7E 20 22 70 AR 28 BRI
BT PR & ( Track-Before-Detect, TBD ) JEAH . J7 4 TBD H:A4s B
RER AR ORI DR SRAT , T8 5 e H AR F A [l 8 g 1 AR
2, DR MR L, 255 H AR I I s R R
R FEFTLLA085 B AR, AR 0y 8 1k U ¢
A e SCHR T 35 H RR SUEORR R 35/ B AR N E
B AT E AR e E AR S — i, B
1RIRGR Sy PR3 &, A I B AR L A5 5 5055, B B AR
8135 ] BEARE 25 221> 20 BEE T, I A /N 55— T, B
R AU T )32 8 T sh bR A A s IRt
DrlRVE . TBD B e Inl (5 5 (5 e L ALk T/ﬂ‘ﬁ‘iﬂlﬂ
AR )R,y AR SCHERR S 55 H AR



o9 M

W e 58 EARKIN AT R ERE AR BT T 250k 1787

SCHR[ 12, 1512538 T 1% 58 TBD 5 A (3 B 38 38
W AS 4 22 IR B 56 45 T 1) IR AR R, TBD AR B
157 —SCHOR R A —Se 5 AR OB T A BT ksl
NG, — 5 H# TBD FAR BB m SEIR 2RI e, o5 —
JTTATEEE T TBD £ AR A SER4: . a2 B A5 TBD 4 AR AE
AR R T 32 %, HO7 AR 3 2 i BB B3 (Histogram
Probability Multiple Hypothesis Tracker, H-PMHT) J5 7% i 5C
i B A AL 48 TBD F AR 161 i T8 9 ( Particle
Filter, PF) F1 47 BRAESE 1T 2% (Flnite Set STatistics, FISST) ¥
FIA L TBD F A oAb BEAS 1) 17 5% U5 4b B 018 FISST
D7 AT SE LR AR E H 9 55 B AR TBD. [H L, A 2 B X
TBD AR BTk R T804, ARV AR TE BRIE F
A FERABEZE B [0) 8. SCHR 19 ~ 21 15X 55 H bRk
DN ), 2t 0 B 1 — R R LR M R 4 3
KRURIEVE IZ A A BEAL 5 00 5l i, A
SO AN LR 2V TEA Z7AR 2 WSOk 22]

Bk x, s k- 1 IZIE Bz sk m &, H
Friz gl R AN (1) Fr s 0 3 50w s iz sh s Al
Hrp F oy BAIRESFERHRE, v, BN RIS

x,=Fx,_ |+ v,_, (1)

MG AATE— A H AR BRI, 1% 8% 0
W2 (2) B R, b @ BRI RR S, b
(+) 37 i BE AR 2Rk I 5 15 MR U AH 5C 1 4% 2 s AU TR HE
PRES, ny, W BEAILIE A 5 2 37 5 b O H PRI, % 2% kot
5T HEELTT UL Ay (1 S BEAIL MR A5 ny . ke B 220 5 3 L
MBAEF R NES Z, = {8010 =1,2,, M}, Kb M
TR PR R B PEROTSR.

zi” = hEC[)(xk) + ny (2)

U TBD B AR R FIR 1 2 K B 20 i W8I0 45 4
Zik=120k=1,2, K| X HEWAEAES 347 21875
A HARAELE Al IE 4 s HARIRAS . SCik[23 145 T —
FRTRT G B B2 A3, B an = (3) Fir s 04 A 00 R0 Ak 11 [7)
A 0, B HARIRAS AL, Vo R TR . X —
FALAL IR TBD H AR .t T B AR ARAS 23 0]y % 2225 1) HL
RSP ()3 ke FEAR S pR 5, 3K (3) R B A ) B IR
SRR T R BSOUE LK A . 15 BAk H AR 285 28 [RD K i
G AR I RO {EL DR AR A 0, BT SR R 1
ot 555 FARSEATAG I A BR B 24 3 A R AT SR A v

X]:K = arg max p(Xl:Kl Zl:K)
X, ER™ (3)

s.t.p(X1. k1 Z1.k) > Vi
FHEPEEA AR 2K TBD 7 2k 9 AR JEAR IF ik
Hb e e Ja ) TBD 76 #e F1 ; FH H A iR A B 5T
) ] A8
2 DPFik
SRR 25 T 20 5 #8 %] ( Dvanmic Programming., DP) 5

513855 H A TBD 43k, B DP-TBD $ A, F&AIX T TBD
BT R DP R R i T I AR S
K 3) A I AL AL 7 5 it , 30 et fk
PRI PR 7 e ABE 2 %85 S e A (LR AR 1 (), an =X (4) B
N g () A E R A FERIAE, Nbr(x, ) 4 AT 31|55 24
HPRAS xy, BIRT— B Z0ABCR S 25 (8], v AT RR,
W, (o) W ENR S HTPRES o, PSR ALEEAR . 3 20 i 2 0 S
HRk(25,26], HOCHE R EREGIER o(+)  O(+) & V.

LOOP k=11t k=K

I(x;) = ) lrggﬁm[l(xk’l” +g(x)
{ T (4)

‘I’k(xk) = {;Cl,'“’;ck—l = mlrenﬁffw[[(xk-l)”

END LOOP

s.t. [(xg) > Vy

SCHR[ 25 JHF 0 BB o0 S AR 3 X a8 A A 1] 35
5 B B2 VE A (e 50 R i 1. 4 IR £
H bR, HEil (RIS 2573 B BT /Y [l A 5 o 3
Nbr(+) R/NRFE T X5 W8N H AR BRI BE , Nbr( - ) 4K
I a] S B HL SN H AR BRI AR B, Nbr(+ ) B/ HE
SR ITA A 5B B 5 bR BRI R ER B L Ve POE TR
55 H AR ARSI K i ML RE . SR [ 26 M B (B pR K106 /2 2
YA CIE el B3N = S B A R B g T
F| 7 ik DP-TBD 5 s il PERE £k, vy HY 4%
PRpt THLETE S SCER 27 JE— 2B XA TE] Nbr( - ) K/
R R AT 120 A, RIS A Ve AT Nbe( ) B BB R it
TSRS TR (28 TR PR AESE T B X R B S
TR T 204, IR IIE 1 L HERA M. EOR ST R
R o M g AE sl B AR B B SCik[23,29 ] % 8L
LT R PR AL 1) {1 R A A 7R e T8 800, 55 H s 2 4R ke
s HAR BT 55, 42t — PP s 9 4R 3 55 H AR DP-TBD 5
2 AAE HARFR R AN FRAL B T3 43 28 FH Rl & M 9P AT
HARXH =25

HiR TBD I 5¢ 32 2 T 2 G, 75 ik H s 5ok
AR (1) 6 ER = 4E B , i ik %
AR B 7 LA Ry B 25 dl 3 45 O 4 K
PR AL, 5 3 5 2 B2 W vy 5 (2) Ol 2 IRIB0  TE Bk L 2%
PR A, R IR — R A R T [R5 R AR i
[B132 B AT P9 32 3. SCBk (1] H k42 3 —Fh DP-TBD 55
2 MRS (B ek B R (AR T T SR 1, 54
Mr 7tz sh2 e . SCHKE3 PRCHE T2 H AR TBD, £
XTE A H 2 BbR, T ook R 52 H—Fp DP-
TBD 535 (VTA) Je P T AL 553k, 73 ) % 25 H A X
(Successive-Target-Cancellation, STC) VTA B = Fl i 14
(Single-Pass, SP) STC-VTA B 6. £ X R HEH W £ H
b, A Z o0 sk 30 42ty — Fh DP-TBD 5532, {Hi% U7
2P R R SR DX ) B e . SCHR (4,5 1230 B H BR



1788 H +

EE ' 2014 4F

(B35 5 e S 7E 23 B R oT 02 B AETE W ) 115 08
IRk vh 22 3 1A B9 B H AR DP-TBD B3 4
J7EN T A I A 3 R TR A . SCHR30 R ST T 2 Bk 28
TR AL ORI Y TBD [a] 81, 5 A5OR £5 00 Ry 55 5K
AR AR —Fh L H AR DP-TBD B3, R 238 15 5 45
IR DX LA AR i B 52 4 B . T i LA X {1 e 5 )
SRR T o0 AT, SCik[4, 5,30 R S 45 3 50k
e V.

25 B FTiR , DP-TBD A P i e 80 Bl S L e 1o
Brid A 7 THRADETE s 53 PR B ZBORTEAR FEH 1)
Z HAMEIE TG 1 — 2o g, (B 52 I P D7 A Bk
B 5K 5 o e M9 480 O G ) T 1] ' 2 LR Y DP-
TBD HAMES W T8 ik BRI A i IR AW S I AH B
%

DP-TBD AR A 7E A HIE A5 254, PRk AE R B8
WA RS A I A Ak BB AR A A AR FE R 5 FLAR
BRI BR R 1R 22 0 (00 A FROTAR 1Y 172, 3 04 DL Sy
B (Recursive Bayesian Filtering, RBF) 7] %5 41 Hb fi ok F
R[]

3 BN HETIER A

RBE-TBD $ A 3132138 5 H AR A7 78 HE R 1 B S
Hir. ik srh 22 A B45, E, 2 BAnfEE4s
. E, =1 R BAMAAE HAREN 0, 8, B, =0 KA
FAE R bR H oy = 6.l 2k DU e, A e 3 5 5L
SIS MR R p (X, B, Z, )G, i (5) fF
i?,;H;EP Pklk-1 ( R Zlk_l)ﬁ?ﬁ{ﬂﬂi%ﬁgfﬁ@é&,
SenaCor gy, By ) N AR B R AL, (- |y
E) A WLIIBIAR R S 3 8 5 W 1 b e
SRS BARE ) B A SIH TR g (- Ty,
E, )i AR LR BT pR B, R UG R A PF B Gaus-
sian Mixture ¥ {85228 RBF-TBD, fii /% PF-TBD B{, GM-TBD
HOR 1 20(5) ATt BARAAAEAE R, an=Xi(6) I .
pk\k—l(xk’Ek | Zy.i1)

= ;Jﬁclk—l)(xk’Ek | x’E)Pk,l(X,E | Zl:k,l)dx
(s B 1 Zyy)
_ gk(Zk | 25 Ep) prin-1 (x5 B | Zl;kfl)
ZJgA(Zk | x9E)Pk|k,1(xaE | lek,1>dx
(5)
Pk(Ek =11 Zl:k) = JPk(%k’Ek =11 Zl:k)dxk (6)
SCHR 33 AR EE A AT 4 TR e i)

HAFRIKA BB 7RG BRI T R A ok
RN PR A B E AR A T B A . SCRR 34 10T 5T

T ZABIRAR A PR-TBD BRI FL B T 20 A =R s
FFl4 TBD AYPEAE. SCHik [35 176 75 35 H AR-F-2 SNR A&
HIBTEE T —Fh PR-TBD 8.3 . SCHk [36 42 ok 22
R AL ( Expectation Maximum, EM) 85k 4 3 2R 50 1
SNR, BC#E Tt %5 &2 4R B Ar i PF-TBD 533 PE fig. SC#ik
(37 )X H bR D & B R 42 th —Fh PR-TBD 5.3k . 4t
XA A TR s AL A, SCRik [38 ] #2 H — P 3£ T Rao-
Blackwellised Y PF-TBD %53k . SCHR[ 39 [ & ZB1 R
P2 —FhEFXHLEN HARAY PE-TBD 80k A1 B4 X}
HHRMEIE.

a2 AL ik ARG, SCEk[40 14 —FhE
HIELH 2 B AR T TBD B3k . &1 X ik b £ 35 8 5 1k
IR B K B AR ECE 0, SCHik [41 16 5 H b5 PF-TBD
FRHE) TR A ECH 2 B AR TBD R, 2t —Fh 2
FIAR PE-TBD %% , H Hoz B4 % B 3 w12 Seiik [42 ]
¥ EREEME) THEERAFEXAREZMATHZ B
TBD [a] 8. 7 1E 2840 43 52 e ik i T 56T, SCERL9 ]
[RVRRER X AR 2L H B9 £ H AR TBD [a] 81, $2 H —Fh 32 0
ff DR 7 v, B R A — I R ST 4 B — > GM-TBD % i
.

3R RBF-TBD $ AR T 276 5 HARAR A 25 |6 H b5
i ) AL SR UL 455 . 76 22 H AR 2 25 [RDKs B A8 25
H 1Y 2 Hbriz o F L s UL #2455 4 FISST HEZE v i
FEHLA BREE (Random Finite Set, RFS) , 1) F D1 -8 5 8216
AR AR5 H 2 Bir s 5 F 09 DU TBD 38 3
2%, Bl FISST-TBD 4% A . FISST-TBD £ &t /& — Fl RBF-
TBD A, {H A 7 T i 8 % 48 RBE-TBD £ A , K I 7E
55 4 R OMITR FISST-TBD $7 A .

4 FISST /%

HLZHRE ST RE kN2 HRESER N
X, = %xkyl,xk,z,"',xk“\“)% CF(X),Hp F(X)FrE
HARRAZS |, b HARRASZS [/ X BT T £ g
WG . NCk)J& k BFZI09 BERECH . %5 08 B bnos A4
THT- O, BARRSHEE NCk)EB RN &

ps (o )VNTE k= 1V BFZPRA R o 19 BARTE &
I ZIFAERIRER , £ 2 (o oo ) W BRAS FARIRES L 7
HER B NHE b — 1 B ZPREE R« B H R, k B 28]
Fom R (7) R ) RES.

HIL, & B 20 ) B AR S 4 0] 2K (8) Fom, Hop
G- 1 (O™ AT —BEZPRAN ¢ W BARTE k& B 207
FiHE A BE LA BR H bREE , B, R 241 i 20357 A5 A BEHL
HBREPREE.



o9 M

W e 58 EARKIN AT R ERE AR BT T 250k 1789

X, = [;egk | S (OTUI ZEL‘% . GO TUBL(8)
T4 FISST B 3 50 A R s 00 i B 5 ) A
W A% s SR B (A0 S LI G Bt 2, € F(Z)
o F(Z)FR 2 HARWIN 2 6], Sy 5 H AR UL 2 6] Z 1Y)
Il MRS . B TTEN 28 H £ Hiriz shd
BT TR, IEAF R LT FISST (19 TBD J5 vk 2 Bk [
B b AR S RS ) o R R R A S 2 0
WK Z,, Bian=(2) Frs il FaR de, 2 B bR ER
[ ok 22 B ARIRAS 25 8] F(X) H B8 B )8, 2 B bx
TR pu (X Zy,) w20 (9) A= (10) B s 1Y i
2 B AR DUt 3 9 Oy FE BEAT A 1, Hoh 2, R s )
FWMLETFI, 60X, FARFEEBUY, i (Z, 1 X)FRRZH
FROLI ISR
Pk\k—l(Xk | Zl:k—l) = Jﬁclk—l(xk [ X)Pk—l(X | Zl;/ffl)SX

9)
P CZy | X)) i (X | Zypy)
M CZ 1 X)) i ( Xy | Zy20) 0X;

(10)

T2 iR RE 2 RS TR 4E R, S 2 H A I
P ST 008 s A S ok o X LA T . A% 322 1), 6 1 L)
MOBE AR A It 2 B s DU R A AF7E— B AR
T AR R 41 %05 ) 5 D B U ) 30 D0 T AR A
2 J3 Y1 % #% (Probability Hypothesis Density Filter, PHDF) |
A #3419 PHDF 8% 45 A1 22 H A5 210 %5 F] (Multi-
targEt Multi-Bernoulli) JETR 75 (MeMBerF) .

X A% SRS , SR 48 Jiie Ul PHDF #i) R 1
B R 2 WIS i TBD [w] 25T, 22 45 SR 2% i A
DLSCHR[49 ). PHDF H i 48 A 30 B A5 £500; ik AITE AR 43
A7, H1 1 SCHR (50 ] 3k bk i 2238 0y 75 8 T 4 e 75 9
B A3, B —Rh G Y PHDF-TBD 8300 % A1
AR TR BE B IL 2 1715 ) Jy T &R A T Sk [ 41 ]
12 s ki TBD Bk, SCHER[ 51 15H X204 L8 55 B
PRAE ) —Fh B T 2457 2 PHDF-TBD 575 .

FETE S 2 LI B dan A SCRR [ 18115 UAE FISST
FEHEZE N, ik 2 HARRIBERGE, i HE S T i 2
H s DUt TBD 3& 4% . 5 DBT (a5 2 Hbx I
WS AS AR TR , B2 H AR D17 TBD 98 A% 76 A8 [7)
S HARECH 43 A 25 A F A7 AE — L6 J5 B S (A0 O
v OO RAMES T 2855 AL TBD JEHE (E MeM-
Ber-TBD H3%) , HoVERE AL T H-PMHT 553% , J5 # 7 3Cik
(16 ]Hhdf HE 55 70 B A Ry o — Rl B AR ) 22 H AR TBD
A 34 1E TEEE Trans . on Signal Processing HAY JLES #
BT, SCHRL 18 J A B 1 FEAAR BN AT . SCHR[45 14 MeMBer-
TBD 535 1 TR0 AT R B Sl . SRR [ 52 14T % A e AR A3

(X | Zyy) = J

H R WA appearance model: DL 5 95), % Kernel
% FEAR TR Y —Fh ittt MeMBer-TBD .3 .

25 L ik, f£48 RBF-TBD £ R 5 FISST-TBD £ AR 1)
S RN H FRHLSPE 4 B 22 4 T DP-TBD R .
4% RBF-TBD $ R 5 FISST-TBD 4% A (£ 5 & 7 7543
FIFFE A5 B, SRS 2 3 26 {5 BN B 1, B AT g
Y Z .

5 H-PMHT E/ EBIERZRIZREFE

Streit 25 A FH L7 DG A% B i th 140455 2 0000 £k
P, 5 — 28 L B R 2 A B % TBD J7 3k, R
H-PMHT J5 13 3 —Fp 2504k TBD J7 ik, fr 7t Ak
FEANE T TBD Wi Ah S5 2, o TR T 2T S0 e
SROREL, 18 AR B AR

HR TBD 7 A K (% J8R 25 it 5 o — Wk,
T H-PMHT J7 3235 A% fife A8 A %oF i e L 3 e g SO0 T L
BRI (1), Hed Mok FAR BB 2405 H bR
IR EHER A n" >0, m=0,, M BN x"=1,5
fE HFRARRT 22 T2 b (ol af) B ho (1 29) R H
BRI 2R ) FE LB, Horp ) FOR 24 I RIS 5L, +f
FoRBirm =1, , M BFRWSE AR H bR R U
R GEHA AR 1 pR 5O 28, 5 B FR 9 B AR AR
TAG I 15 VR B0 R EIOR 56, R AN TR) H b 11 B I s 4k
VA

M
p(r | ag MMy = She (1 29) + En{‘h(f | x7)
m=1

(11)
XA BERATC @ I [ A5 5 3 2, (AT i b Ak
si= Lz | LB R = ARG 0 B A
(shot) B, Horpr 72 F/R AL T TRR . i BAR m 7™ A (A 0800
FTEANIT i AR R 1% B AR 2 WA B 7E i T i AR
9 BRI R () . R B W A5 Y AT B HE R
= (12) .
R (ad MMy = Shh(29) + Zlmf‘hi(le) (12)
WA 3 HEBA TGN shots T JE ST ] 43 A, ) 2% i
PRI A LI e 0 o ik 2o 00 o A A, s o A B
B 2 AR Y 58 JST A 0 HEHL TGN shots 5 H AR I 2% A5
RU LR IR/ I, T EM Bk S8l 2 HARBL Y 2500
BARMURAG T, 7E H-PMHT J7 % (1) EM 539 52 Pk 5
o iR AR B bR BB T R BURBR, 13 3] — A5 &
FEITRR 7 JE O 1 3% 2k H A5 pR 4. H-PMHT J5 75 1 #ES
S5 h AR H AR RS S AN T A A
T, B i R PR3 s D8 B A 3 4 52 B H ARobR A5
TF. 588 H-PMHT J5 36 0 #E 5 7 281, v 2 % S0k
[53]. 24 H A2 WA IR 35 1 2R 1k v S0 A e g, Al



1790 H +

EE ' 2014 4F

BAE VAR R O Kalman 8 3% 8% , 76 A0 BEAR R 0

SCHRL16 6 He T Al oA [6] 5 25 19 TBD 33647 1
PR, 45 H-PMHT J7 5. 45 £ KB H-PMHT J7 %
S B T e A, A R Rt A Ol BEARL. STk 54 ]
XoF i T AR L B AR AR AR 1 H — o 3 TR T AL
H-PMHT J7 i B % 35 26 PR = 307 E Ar 22 IS A0 | Sk
(17 i3 H—Fp LT DP LU H-PMHT J7 3% . F 15 H-
PMHT Jy i 32 B4 % [ %2 B2 %040 H (19 2 H b5 TBD (1] 8,
SCHRISS 1B XTI AR50 H 19 2 B A5 TBD [a] 2R F 4% 43 I
307 AR S — A e i H-PMHT J573%

Gy BRI ET H AR Tk a5 EAR, B R FH
MUARIES . 17 20 R A B H BB 3 85 24 B, B
B R WA TR AN 2 v B . SCHR [ 17 128 H-PMHT J5' 1%
TEARS AR m WMt m T A RS TR 4R T —Fh 58
— IS HESE  IFTE K T MG R 5 H RS G A
A B F I H-PMHT J7 35 (9 B . % H-PMHT J5 3518
ARFRAFIE, L HZ 5 ATk A TBD $ AR i) 42 1 4
k.

F 1 XF LT T RTA 4 FORTEIZE TBD A

%1 FE%X TBD HAT SR

TBD £ A piifroe S L W=s e,
VEREAMBE | BLEIA I AR
2 7 ‘7&3 I )
PPIBD | SR e IS
BTN | A S E R
RBF-TBD U1 -3 F .
NERE | BRI T
cspergy [REGE ETERE | ARG,
mit | ZHEA P
S A R ]I
WEMHT | S | e | Do TVERATIY
b= W%

6 WitERE

L F 3R HE 35401 TBD H AR W TE 1948 3 5 i
G Bk, 5 FI 4 v B A A 00 R BB 2 B O 1 5 E
RG5O 4 A 2 1 5 2R, R R (LA B S S T Y U
fis] A HEHG S AR AN I

(1) G A R B B2 P BB A A 5 PP

—J7 T, X5 55 H AR TBD [ 5[] i 77 78 2 2K 0 F R
IFi] FELAEURIAS [ 50 T L A i ey ik, T 4 i fF 9 = 2
e F IR 28 TBD £ AR M 91 HL B, XN [R) 28 TBD AR
FRRE [ L et 2 5 55— T, 3 F R [R5 25 /9 TBD A
TEPERE /T EABAR AP, Fe a4 Xd DP-TBD $ A fi B
WEPERE MR 4 1, i B X HiAh S TBD $ AR A BEiE
PERE ST HTH R il

XA TR S TBD $7 A ) B8 P B 40 Hr ol #8578 1% 26
TBD ¢ A W HLEE K i (R 2, Lb i DP-TBD Fl{& 48 RBF-
TBD A A ] BR A 26 £F B3 E T RGN RE,
DP-TBD A H 4BIUIR 2525 A1 i K /NA P s T H b R
PERE , FF 2 R Gk MEBE . SCHk [ 16 1% DP-TBD &
%t RBF-TBD & H-PMHT J5 3 #6147 T 4125 WO ) 45 H L
B, 458 2 H-PMHT J5 355 1) S B e e, (R 2l H b
PRSI R 5 AS BEAEL, JLFR TBD $7 A 78 HA 5 T R 1Y
I BEAHT : (1) 1% 3CFF AR XFAS[A] TBD + A (1 R 25 %
REHEATIEAL 5 (2) ANIR] TBD 5 A Fp A7 7E AR 22 A [ 1 5 Y
BB 5L, % SR 208 . % FISST-TBD £ A K
H-PMHT J5 3 i BEE Pk BE 43 BT i A DL 1 8

B XA TR TBD AR B FES M B 40 B A A T ik
— 48 /R AN TR TBD $ A (9 HLER, 9F i G F] T8 JF TBD
[¥) AL ) AR B, 3 A R A A F S ST R 2 —

(2) 43 55 H ARSI i B

MAFAE AR 55 H RIS, SCHR[ 18] B4 F: 11 FISST-
TBD 535 H-PMHT J5 1 #0 AN BE 25 H 488 - 11 A5 ) A0 BR
EEEEIL SR [23 181X 4B 3T 55 B AR T —FF DP-TBD
B BRBLZ AN, AT X255 HARAY TBD [R]85, 24 Fi i 58
K22 AL E Ao AH B I8 B ez LA ST (A48
B (e KB R IO R BT = o B € A E R TN <D
SR 1] A 6 22 F 98 B AR 500 L RSk 3458 TBD vk
FRE R N T T G TEAR T E S B S H AR
TBD [] 5, fi S A5 0 00 450 1) B 0 S 2 L A o JEL B
z—.

(3) HLBhHS H A R I iR

BL3h55 B bR TBD [n) 8 75 H W R G fE 5 2 38
5 R R AR DR O XE RS, I B TBD 2 AR AU HL 3l 55
H b ARG i B i B AR A AR, 7 HLis B 2 2 AR

=}

=y .

DP-TBD £ AR Hp AR U IR 25 25 18] (1) K /INBR 22 T ¢ A6
FEREE B bR i AL 3 1276 AL 45 RBE-TBD $2 AR Hl
FISST-TBD F AME ™ R Fl T 4L 30 55 H f 9 46 000 71y 2R
AR AR i S, (H 5 22 H AR LS R 1 19 S 56
5B H-PMHT J5 3 X5 ML 3l B b A 465 1000 760 B B o 2 R AL
RT3 2 A R (A B g ST Y 1A

(4) 55 B AR A 2 A% S8 Al A R 0 R B2

AL AR BT AL A AR UL B A7 A5 B AN TUAY
P REAR Al AR FH AN () 4% JE5% g O 00 50 40 i) 1) B
T BRICAT I, ) 22 4% J k45 G 00 R B B 3 0 58
1 IS (R I B By R M TSI L AR T 5 3 T A
M 2 1 I il A BR B 7 I A B, 56 T 55 H bR 19 £ 15 K
A R N RS I A R S, X S R 5 H bR TBD
PEREM — B RERE .

(5) 55 HARPBEA R | BRER 5 402



o9 M

W e 58 EARKIN AT R ERE AR BT T 250k 1791

EAR I | BRI 55 43 202 O R e b = A HoR S
Bl R S BB e 170 T A 5T 4.l TR R G A AR
P ALGE K B AR | BRI 5 4 2K a8
MG 1 EAR JEAT B AT AL B i) = 3 1 B A, 45
FE TR S 42400 A B 8] 9 B AME BT — IR b5, A R
7] s 53 5L PRGN L BR B 5 40 26k g7

BT A A ST 0 R B, SCRR (58 ] Fn [59 ] 5T
FISST B4l WF 58 T 4L 3l H bR B IR 85 5 40 28
FIPEAS K 5 1R B 5 SCik [60, 61 15 T FISST B HF 5%
T ZHLBh BAREA AR R 5 A3 2 I AR e A T
555 LA PG 000 R BER B B O AN BRLARL, 0 S AL B R 2 )
JMERE BN 4 TR, B T15 5 2 0000 i i A
FISST 455 H A i 156 A 46 I 5 B2 B 42 36 T — Fh ™ %
FIBRIE T 25 REIE — 25 ROR) F 45 B 2 56 i s R
PERFAEIN B, WG B2 1 {5 5 J2 00 00 55 40 SE 8 H AR
R | BR R 5 o J— Ak, 1T 2 = X 55 H AR 1A R
AEURE F1 . 24 SR 75 Y Al 14 AN AF7E 58 4 8 T 1 %) TBD
AR T , B S ZW 5 5T A R BRI [F 8% T
ELAY TBD H AT K AH R A5 A T L BR B 5 o0 R B ik
DA AR oK

S 3k

[1] J D R Kramer,J] W S Reid. Track-before-detect processing for
an airborne type radar[ A]. Proceedings of International Radar
Conference[ C] . Arlington, VA, USA: IEEE, May 1990, 422 -
427.

[2] S Buzzi,M Lops, L Venturino. Track-before-detect procedures

for early detection of moving target from airborne radars[ J].

IEEE Transactions on Aerospace and Electronic Systems, 2005,

41(3):937 - 954.

S Buzzi, M Lops, L Venturino, M Ferri. Track-before-detect

procedures in a multi-target environment [ J]. IEEE Transac-

tions on Aerospace and Electronic Systems,2008,44(3): 1135

- 1150.

[4] D Orlando, L Venturino, M Lops, G Ricci. Track-before-detect
strategies for STAP radars [ J]. IEEE Transactions on Signal
Processing,2010,58(2) : 933 - 938.

[5] D Orlando, G Ricci, Y Bar-Shalom. Track-before-detect algo-
rithms for targets with kinematic constraints| J ] . IEEE Transac-
tions on Aerospace and Electronic Systems,2011,47(3): 1837

- 1849.
[6] S T Davey, M G Rutten, B Cheung. Using phase to improve

—
W
[

track-before-detect[ J | . IEEE Transactions on Aero-space and
Electronic Systems,2012,48(1) :832 — 849.

[7] R X Niu,R S Blum, P K Varshney, A L Drozd. Target local-
ization and tracking in noncoherent multiple-input mul-tiple-

output radar systems[ J].IEEE Transactions on Aero-space and

Electronic Systems,2012,48(2) : 1466 — 1489.

[8] E Grossi,M Lops, L Venturino. A novel dynamic programming
algorithm for track-before-detect in radar sys-tems[J]. IEEE
Transactions on Signal Processing,2013,61(10) :2608 — 2619.

[9] F Lehmann. Recursive Bayesian filtering for multitarget track-
before-detect in passive radars [ J]. IEEE Transactions on
Aerospace and Electronic Systems,2012,48(3) :2458 — 2480.

[10] P F Singer,D M Sasaki. Analysis of the cascade of track-be-
fore-detect and track-after-detect tracking algorithms[ A ] . Pro-
ceedings of SPIE on Signal and Data Processing of Small Tar-
gets[ C] . Orlando, Florida, USA : SPIE, April 1998,156 — 165.

[11] K Huang, X Mao. Detectability of infrared small targets[ J].
Infrared Physics & Technology,2010,53(3) :208 - 217.

[12] M Hadzagic, H Michalska, E Lefebvre. Track-before-detect
methods in tracking low-observable targets: A survey [ J].
Sensors & Transducers, 2005,54(1) :374 - 380.

[13] Ristic B, Arulampalam M S, Gordon N. Beyond the Kalman
Filter: Particle Filters for Tracking Applications| M ] . Boston,
MA : Artech House,2004 .

[14] C Jauffret, D Pillon. Observability in passive target motion
analysis[ J] . IEEE Transactions on Aerospace and Electronic
Systems, 1996,32(4) : 1290 - 1300.

[15] &%arbe, TR, AR . B ik s B Aras DU HT SR ER 58 1k
ZRR[T]. AR % ,2013,35(4) :45 - 53.

Zhan Li-xiao, Tang Zi-yue, Zhu Zhen-bo. An overview on
track-before-detect algorithms for radar weak targets[ J] . Mod-
ern Radar,2013,35(4) :45 - 53. (in Chinese)

[16] S J Davey,M G Rutten, B Cheung. A comparison of detection
performance for several track-before-detect algorithms[ A ].
Proceedings of International Conference on Information Fusion
[C]. Cologne, Germany: ISIF, June 2008,1 — 8.

[17] S J Davey, M Wieneke, H Vu. Histogram-PMHT unfettered
[J]. IEEE Journal of Selected Topics in Signal Processing,
2013,7(3) :435 - 447.

[18] Vo Ba-Ngu, Vo Ba-Tuong, Pham Nam-Trung, D Suter. Joint
detection and estimation of multiple objects from image obser-
vations[ J] . IEEE Transactions on Signal Processing, 2010, 58
(10):5129 - 5141.

[19] T Kirubarajan, Y Bar-Shalom. Low observable target motion
analysis using amplitude information[ J]. IEEE Transactions
on Aerospace and Electronic Systems, 1996, 32(4): 1367 -
1384.

[20] W R Blanding, P Willett, Y Bar-Shalom. Offline and real-time
methods for ML-PDA track validation[ J] . IEEE Transactions
on Signal Processing,2007,55(5) : 1994 — 2006.

[21] W R Blanding, P Willett, Y Bar-Shalom,R S Lynch. Directed
subspace search ML-PDA with application to active sonar
tracking[] ]. IEEE Transactions on Aerospace and Electronic
Systems, 2008,44(1) : 201 - 216.



1792 H +

EE ' 2014 4F

[22] W R Blanding, P Willett, Y Bar-Shalom. ML-PDA : Advances

http: //asp.
eurasipjournals.  com/content/pdf/1687-6180-2008-260186.
pdf,2013 — 11 - 26.

[23] W Yi,M Morelande,L J Kong,J Y Yang. An efficient multi-
frame track-before-detect algorithms for multi-target tracking

and a new multitarget approach [ J/OL ].

[J]. IEEE Journal of Selected Topics in Signal Processing,
2013,7(3) :421 - 434.

[24] N C Mohanty. Computer tracking of moving point targets in
space[ J] . IEEE Transactions on Pattern Analysis and Machine
Intelligence, 1981,3(5) : 606 — 611.

[25] Barniv Y. Dynamic programming solution for detecting dim
moving targets[ J] . IEEE Transactions on Aerospace and Elec-
tronic Systems, 1985,21(1):144 - 156.

[26] Y Barniv, O Kella. Dynamic programming solution for detect-
ing dim moving targets part II: Analysis[ J] . IEEE Transactions
on Aerospace and Electronic Systems, 1987, 23 (6): 776 —
788.

[27] S M Tonissen, R J Evans. Performance of dynamic program-
ming techniques for track-before-detect] J] . IEEE Transactions
on Aerospace and Electronic Systems, 1996, 32 (4 ) : 1440 —
1451.

[28] L A Johnston, V Krishnamurthy. Performance analysis of a
dynamic programming track before detect algorithm[J] . IEEE
Transactions on Aerospace and Electronic Systems, 2002, 38
(1):228 —242.

[29] W Yi,L J Kong,J Y Yang,M Morelande. Student high-light:
Dynamic programming-based track-before-detect approach to
multitarget tracking[ J] . IEEE Aerospace and Electronic Sys-
tems Magazine,2012,27( 12):31 - 33.

[30] X Deng,Y Pi, M Morelande, B Moran. Track-before-detect
procedures for low pulse repetition frequency sur-veillance
radars[ J ] . IET Radar, Sonar and Navigation, 2011,5(1): 65
-73.

[31] D J Salmond, H Birch. A particle filter for track-before-detect
[A]. Proceedings of the American Control Conference[C].
Arlington, VA, USA: ISIF, June 2001,3755 - 3760.

[32] Boers Y, Driessen J N. Particle filter based detection for track-
ing[ A]. Proceedings of the American Control Conference
[C]. Arlington, VA, USA: ISIF, June 2001,4393 — 4397..

(33] BXGE 322 8, X2 . 2 i s 3 50T DU Sk
TR f R 0 (B Tk (] T S AR R R
2013,35(3) :524 - 531.

Xia Shuang-zhi, Dai Feng-zhou, Liu Hong-wei. A method of
determining detection threshold for Bayesian track-before-de-
tect in white complex Gaussian noise[ J] . Journal of Electron-
ics & Information Technology, 2013, 35(3): 524 — 531. (in
Chinese)

[34] S Z Xia,H W Liu. Bayesian track-before-detect for mul-tisen-

sor fusion systems[ A ] . Proceedings of 2011 IEEE CIE Inter-
national Conference[ C] . Xian, China:IEEE,2011,418 — 421.

[35] M G Rutten, N J Gordon, S Maskell. Recursive track-before-
detect with target amplitude[ J] . IET Radar, Sonar and Naviga-
tion,2005,152(5) : 345 - 352.

[36] S Z Xia, H W Liu. Bayesian track-before-detect algorithm
with target amplitude fluctuation based on expectation-max-
imisation estimation[ J]. IET Radar, Sonar and Navigation,
2012,6(8):719 - 728.

[37] Y Boers, H Driessen, J Torstensson, M Trieb, R Karlsson, F
Gustafsson. Track-before-detect algorithm for tracking extend-
ed targets[ J]. IET Radar, Sonar and Navigation, 2006, 153
(4):345-1351.

[38] HT Su, T P Wu,H W Liu, Z Bao. Rao-Blackwellised particle
filter based track-before-detect algorithm[ J] . IET Signal Pro-
cessing,2008,2(2) : 169 — 176.

[39] F Verschure. Multiple Modal Particle Filters for Track Before
Detect[ D] . Eindhoven: University of Technology,2003.45 —
62.

[40] B K Habtemariam, R Tharmarasa, T Kirubarajan. Multi-target
track before detect with MIMO radars[ A] . Proceed-ings of the
IEEE Aerospace Conference [ C]. Big Sky, Montana, USA:
IEEE, March 2010,1 -9.

[41] Y Boers,J N Driessen. Multitarget particle filter track before
detect application[ J] . IET Radar, Sonar and Navigation, 2004,
151(6) :351 - 357.

[42] Y Boers, H Driessen. Particle filter track-before-detect appli-
cation using inequality constraints[J]. IEEE Transactions on
Aerospace and Electronic Systems,2005,41(1) : 1481 — 1487.

[43] S]] Davey. Comments on “Joint detection and estimation of
multiple objects from image observations”[J] . IEEE Transac-
tions on Signal Processing,2012,60(3) : 1539 — 1540.

[44] Vo Ba-Ngu, Vo Ba-Tuong, Pham Nam-Trung, D Suter. Reply
to “Comments on ‘Joint detection and estimation of multiple
objects from image observations’” [ J]. IEEE Transactions on
Signal Processing,2012,60(3) : 1540 — 1541 .

[45] Hoseinnezhad R, Vo Ba-Ngu, Vo Ba-Tuong, Suter D. Visual
tracking of numerous targets via multi-Bernoulli filtering of
image data[ J]. Pattern Recognition, 2012, 45 (10): 3625 —
3635.

[46] T Wong, Vo Ba-Tuong, Vo Ba-Ngu. Multi-Bernoulli based
track-before-detect with road constraints[ A ]. Proceedings of
the 15th International Conference on Information Fu-sion
[C]. Singapore: ISIF, July 2012. 840 — 846.

T, TR SC, TR R, B SR T BRAE S T e
HRIREEH AR MR LR [T] . 54, 2012,40(7) : 1440
—1448.

Yang Wei, Fu Yao-wen, Long Jian-gian, Li Xiang. The

FISST-based tracking techniques: A survey [J]. Acta Elec-

[47

[



W e 58 EARKIN AT R ERE AR BT T 250k 1793

tronica Sinica,2012,40(7) : 1440 — 1448. (in Chinese)

[48] K Punithakumar, T Kirubarajan, A Sinha. A sequential Monte
Carlo probability hypothesis density algorithm for multitarget
trackbefore-detect [ A ] . Proceedings of SPIE on Signal and
Data Processing of Small Targets[ C]. San Diego, CA, USA:
SPIE, March 2005,5913:1 - 8.

[49] Zhan R H, Zhang J. Improved multitarget track-before-detect

for image measurements| A ] . Proceedings of the International

Conference on Signal Processing[ C]. Beijing, China: IEEE,

October 2012.2183 — 2187.

WEUR KL, SRR, £ A ) PHD IR ISR TE 2 H AR

WHTER 2R R B [T]. B 24, 2011, 39(9) : 2046 -

2051.

Tong Hui-si, Zhang Hao, Meng Hua-dong, Wang Xi-qin.

[50

—

Probability hypothesis density filter multitarget track-before-
detect application[ J]. Acta Electronica Sinica,2011,39(9):
2046 — 2051 . (in Chinese)

[51] Y L Long, H Xu, W An, L Liu. Track-before-detect for in-
frared maneuvering dim multi-target via MM-PHD[J]. Chi-
nese Journal of Aeronautics,2012,25(2):252 - 261.

[52] R Hoseinnezhad, Vo Ba-Ngu, Vo Ba-Tuong. Visual tracking
in background subtracted image sequence via multi-Bernoulli
filtering[ J] . IEEE Transactions on Signal Processing,2013,61
(2):392-397.

[53] R L Streit, M L Graham, M J Walsh. Multitarget tracking of
distributed targets using histogram-PMHT [ J ] . Digital Signal
Processing, 2002, 12(2) : 394 — 404.

[54] S J Davey. Histogram PMHT with particles| A ] . Proceed-ings
of the 14th International Conference on Information Fusion
[C]. Chicago, USA: ISIF, July 2011.779 — 786.

[55] Wieneke M, Davey S J. Histogram PMHT with target extent
estimates based on random matrices[ A ]. Proceedings of the
14th International Conference on Information Fusion [ C ].
Chicago, USA: ISIF, July 2011.322 - 329.

[56] C R Del Blanco, F Jaureguizar, N Garcia. An advanced
Bayesian model for the visual tracking of multiple interacting
objects[ ] . EURASIP Journal on Advances in Signal Process-
ing,2011,2011(130):1 - 13.

[57] W Mei, G L Shan, X R Li. Simultaneous tracking and classifi-
cation: a modularized scheme [ J]. IEEE Transactions on
Aerospace and Electronic Systems,2007,43(2) :581 - 599.

[58] W Yang, Y W Fu, X Li. Joint target tracking and classification
via RFS-based multiple model filtering[ J/OL] . http: //www .
sciencedirect. com/science/ article/pii/S1566253513000699,
2013 - 11 - 26.

[59] W Yang,Y W Fu,J Q Long, X Li.Random finite sets-based
joint maneuvering target detection and tracking filter and its
implementation[ J] . IET Signal Processing,2012,6(7) :648 —
660.

[60] W Yang,Y W Fu,J Q Long, X Li. Joint detection, tracking
and classification of multiple targets in clutter using the PHD
filter[ J] . IEEE Transactions on Aerospace and Electronic Sys-
tems,2012,48(4) :3594 — 3609.

[61] W Yang,Y W Fu, X Li.Joint detection, tracking and classifi-
cation of multiple maneuvering targets based on the linear
Gaussian jump Markov probability hypothesis density filter
[J].Optical Engineering,2013,52(8):083016 — 1 — 12.

fEE®IT

¥ B H,1985 4F 7 H A TRV
N.2006 AEE AL T B S L TR B 2 B T R
T AL, 2009 AR 2012 4R A5 [E B R 4%
RIS T2 0 A2 500 B
EFORKAA BRI, 2N H AR H AR
BRER |\ FAR X 2EAME B BRI .
E-mail : yw850716 @ sina. com

B3 W,1976 4E 5 A i IR AL
1997 4EF1 2003 4E7E [ B B2 AR K2 43 3K T
HFRE S TR 2B oT 1, 2N B
A IS E S A AT TAE.

E-mail : fuyaowen @ sina. com





