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Abstract: The best-fitting Gaussian approximation Probability Hypothesis Density (PHD) filter is a novel
algorithm for multiple maneuvering target tracking. However, there is a problem that the model probabilities are
calculated without the measurement innovation. To solve this problem, an improved algorithm is proposed in this
paper, which develops an update procedure for model probabilities to employ the posterior measurement
innovation to enhance the filtering performance. Then, the dynamic equations can be softly switched among
different models according to the likelihood functions. The simulation results show that the improved algorithm
has several advantages over the ordinary one with respect to the target number estimation and filtering accuracy,
implying good application prospects.

Key words: Random finite sets; Probability Hypothesis Density (PHD) filter; Best-fitting Gaussian approximation;

Vol. 2No. 2
Jun. 2013

Maneuvering target tracking

1 38

FEHL 3 H AR BR B A0 B0, A2 1ol 2 Y
(Interacting Multiple Model, IMM) &85 A 4 212
ARk A AR —, B B R MR A
LA 2 [ BEAT I, W DLAE T SORS BRI
TS EARAS LU T o i B, O T R
ZANLEN HAx, IR 5224 IMM 7395 15 KA R
FE i I (Joint Probabilistic Data Association,
JPDA). Z B ERER (Multiple Hypothesis Tracking,
MHT) & H kA 45 A, #p IMM-JPDA, IMM-MHT
SEELA BRI, T AR B LT OCIEE
A, IR R 2% R H b ek A B8 0 B
FREOEKC, HMELLY T TR

2013-02-05 W F, 2013-05-02 4[5l; 2013-05-07 MZRALSE HifR
rpE L R RS 4 (2012M 521 713) %8 Bh i
SEEEE:  BKBH  ouoyc@yahoo.com.cn

L, BFRPEERR M, 5
Z HArRER R B2 o i B sgmm ) v 2
Mahler! $& i (1) # % & & % J& (Probability
Hypothesis Density, PHD)J&, Mot Hykbo,
ZIER AR AR 2 H FRIRAS 2 8] 118 S ey
PHPORED A IEE, AR T 2 HRER
H AT 2% (15U DI ). H R AT 1) PHD SEBR 1%
F Rk PHDTA E R & PHDS R E L,
Ja T TR RFE LR, T
R FARZS POy T 5 B AR SCHR[9) A1 STk [10]
O3 K 2 BB JEAR ST Nk PHD Rl iR &
PHD 1, VM2 13 HARERER M &, SR, f&4¢
28 PHD P8I S ANAS TS AR, 1IE a5
BR[10]FTi&, Wik IMM Hik5 |\ PHD JE3: b 2
— AN BRIk 0 ) o T, SRR 113 SR R
P HERRS B &M PHD 58/%, {2k 1 PHD
FEZE N RSB T A A NAS L. AN, SCHR[12]



240 Ik

o

DS

T IR i@ m ALl (the Best-Fitting Gaussian,
BFG)y&M5% IMM TP BEREATA 1, el
THAFEG I SRS PHD S+ . SR, WK
WAL SVEAFA BT MR S 56 [ A I, R R4S
RUMEA AR Rl A o DU AN AR T o BExS BAL )
WISVt & S G o 7SS DU DA ik R TSV
e, AR ERAG B SGEIER e . S 4s Rk
B, Ot S R A A R AR TR RE 26 5 56 ] 4K 1) R
PEREAL T 481 BFG-PHD JE3E, HA BRI TR
AR

2 RENIAMRER PHD jEiK

1E2 HbRERERT, 2 HARIRAS AR w] H bl
WA F4E (Random Finite Sets, RFS)# 7, B X,=
{zi, o b € F(X) A HbRELR, Z, = {zk,lv“'a
2, } € F(Z) JrRWSE, 3L F(x) FILF(Z) 4331 x
Mz EWIaAERFENES, N M, 20k R
ke IS 221 B4 H AR EOM 0 K

ik — VI ZPRSENLE R X, W& BZIER
ABENLAE X, AT KRR A

5| U see|Ul U me

zeX; 4 zeX; 4

ur. @

o, T, 365 b IMZIHE AR SHINLE, By, (o)
F s I LB @ 62 ok BRIk &SBE LA
S (@) Bk — VI & IH 205 SR A7 5 60 H b
RSB

HARAG REBEALAE 2, 7T 265

U O, (z)

zeX),

z, =K/ (2)

Hrh, K, R BES I RFS, O, (z) #Rii
THESZH bR EN RFS.

o T B X, FH Z, B MR 2 25 i oR BOdEA T
AP S, HiulHE &K, Mahler $#2H T RHZ
HPRECA MER 2 LR 1 AR, RIUNER A 15
(PHD), Tk 2 HbrBENIEENE %2 E 1,

X AR A& ) b — A W 2 53 A R 4L
P(X) (I HFRBENISE X, € XH PHD 24 D(z) , W2

[1xns|pax) = fs D(z)dz (3)

% D, (x) Al Dk\k—l(m) NN kN2 2 H bR S
PHD, U PHD i&EMRAXH

Dy (z) = fPrS,k (€) Prj—1 (2| C)D/H (€)d¢
+ [ by (@) Dy (QdC+ (@) (4)

Dy(z) = [1 - Prp,k (a:)] Dk|k'71 (z)
n Z Pry, (@ g, (y|z) Dy ()
yeY, Ky, (y)+fPrD,k &) g (vl E)Dk\k—l (§)d¢
(5)
Hrpr, Prg (O Fom k — VINZPIRAS N ¢ I HARTE k N
ZIFAFTENER , ~, () R k N 209028 H brbELEE T,
) PHD, by, (-]¢) %7 k-1 ZPRZSH ¢ 19 H Ax
75 k204 A2 H AR BEHLEE By, ,(¢) 19 PHD,
Py, . (x) o k WZPIREY = B9 IR AL, k()
TRk NZ BN K, (1 PHD, Y, Kk FZ
WL ey, (2] ) A gy (y [ ) 7090 0 F H AR
RS BB 5 P R 5% 5, e
Prjk—1 (:c ‘ C) = N(w;fk—l (C)an—1> (6)
0. (u]) = N (@), B @
K, N(zym, P)XKpRBME R m , J728 P s
I ATRER S SR, £ () AT R () 2 3 RS H AR
RS RBCH N R E, QM Ry 73 R s 18
N 75 Rt 0 et 75 (1) Bl 0y 2 R
3 mESHNEA PHD JEiK
BTG RN RABEG) Y FhBRA% 1 5T K 2
P & 48 (Jump Markov Linear Systems, JMLS) F 1]
IMM P REAL V1572, HEEA BB 24 B A A v (1)
RS Ty BRI L B g 75 1 7 256 B H — A BFG
S ATHEATIAL, A H FR A5 PR 8 TR
ARAMRIRBER S 2. SCER[12) Mz 85055
PHD JE#H,  SEIUN 2130 H br 143 2R ER o
FEUWN IMLS
Ty = F(n)z, + G(n)w (111) (8)
Hrh, o, € R" Rox k NZIM HIFRIRE,  Fy () M
Gy (r) BBy FHPRSEB L, w, ()
Sy e, e I A A, b =
R Qy(nyy) » BERLEEREFEIE Ay 7y = Pr{n,, =j|
n, = z} o
BFG JEALR]
(RIS

AR () H—A BFG 43 AT

T, = By +w, 9)

HHp, w, ~ N(0,X,) , X, el BUs ke =7 2.

F X (S) PRI IMLS #om hZFH1E A, X(9)

Fisit) BEG 73 A &os 34 B, WSRO AL T
FHEEN @, A X, AT TR

E{wk+l | A} = E{wk+l | B} (10)

cov{z, | A} = cov{z, | B} (11)



F2H

KBRS B R R I U i

A REJEDY 241

1A 2 3 UnT A

M
E{mk+1 | A} = ZE{%H | MAT:HvA} Pr{M;H | A}
r=1

M
= Zpk:+l,rEs:TE {wk: ‘ A} (12>

Horb, M, RoR kB k4 12 (R - A7
sy, NEAE M, IR
FF BA&AF N H ARSI

E{z,., | B} = .E{z, | B} (13)
XT L (12) A (13) w] 4
M
P = ZPHMEZ (14)
r=1

i AR A G N H R T
BN

cov{:ck+1 | A} = E{cov{a:k+1 | M,:H,A}}
+ cov {E {mkﬂ | M}ZH,A}}
Hrfr,
E{COV {$k+1 | MI:JrlvA}}

= D, B cov e [AHE)" +GIQL(G))"] (16)

r=1

cov {E {:I:k,+1 | M,:H,A}}

=S e BB o | 4) B A ()

r=1

~®E{x, |A}E{z, | A} B (17)
iE X e, = E{x, | A}, O, = cov{z, | A}, WL
(15)~30(17) "I 40
6, = i?kﬂ,r [Fl: (6, +ee ) ()"
+GQ[(G)" |- Beyel B (18)
g1 = Dg, (19)

—J7 T, HEC(9) A= (15) AT 4,
cov{m,,, | B} = B cov{z, | B} B +X, (20)
X =6, - dsk@kdikT (2 )
HI (14) R (21) 40 IR A @, 1 35, I, 53
Ai(»%ThﬁU%#%%&ﬂ%*ﬁﬁM@%
ARy A RS Al T 1), AP R R R
Pry, 14 B AATIRACGH S

M
Pry1r = Zﬂ'n-pk,i (22)
i—1

Horp, o, R H R R AR o
UEJE ) PHD  FI00 5B o R 55 A 48 (1 A e Y

fﬂDﬁ&%é 3, A AAE TR H A
st R S 5 225 FE TR 0l BFG IR &,
Amﬁﬁﬁﬁ fAjHLE L, A SO ERR

4 BUHREE

CHER[13]4¢ Y BFG HEMHIELZ N T
JMLS H1og 452 % R~ 5 (Posterior Cramer-Rao Lower
Bound, PCRLB). % THEREMERSNE, A H

XTI Fisher {5 B FE (FIM) SR 10
0, 2 B|(X, —X)(X, - )?kﬂ >0 (23)
Jon = (B85 +2,) " +7,(k+1) (24)
b, @, 1 X, 43990 BEG AliE FRR A H R 5 B A

REFEME R T 2 AR R T (k) AR PR T B WU S
7, HUREETCK.

H17- PCRLB % 2t PERE T A, ANl 2
T EAR ISR R 2, Ik BEG 7 Hp A8 A
R A g f2, sz SRR . 3
BR[12)KF BFG SLE#N AT PHD ygBcth, [E5R
P LA RAS AR iy NAS FL ), ABAE TSR Y A  If

T BFG i k. #eagiiid, Rase M
TUOMEARHIE, T AR X (22) AT S A B

TR AR R AR, FRAT TR L Ay AT M S 56 [ 4
W) 8o AT S 12 ) A Y R R S, i |
BTSN R b A, IR 5 364 6 et i v 1k i
M Bk N2 S5 PHD SREEF K + 1 52
18 AE HAs PHD 5855735104 v, (2) Fl v, (2)

Z w] N(z; mk‘k, k‘k) (25)
Ik , ‘
'Yk+1 Z ww 1V 4,k+1a Pq{kﬂ) (26)

E¢,%WLMﬁTE

7R T B AL
ukﬁﬂ%y¢m% PR AL 0 1R N

plio Wk + 1 ZIRTE PHD 582N v, ) (2)

U () = Vg g (2) + Vg (2) (27)
= Ds, k+lzwk
:/H\:EP ’ '7k+1(13) ﬁnf‘(26)%7~r\" Ps i ?"j H *ﬁﬁiﬁﬁ%%y

J — P J
mg e = ‘ﬁkﬂ\kmk\k (29)

P.Sz,kﬂlk - dsHl\lcPk\A ((ﬁkﬂu )T + leJrl\k (30>

HH wk\k Al w] 1s+12‘2

J J
Vs ke (T Mgy P ) (28)

M
4
|

k+1\k Zpk+1|m (31)



242 o

o

DS

M
Sl = D0 Py [FL (B + mi(m],)" ) ()
r=1

+G,Q; (G/:)T] - ¢A7}1|kmg\k(m5|k)T(‘Pk] l\k)T

. v -

o ékJJrllkBik ((Pk]Jrl\k) (32)

p}Z+1\k,r = Z"Tirp)g,i (33)
i=1

Horb, B AGEOR e FHPIRESFEB AR, Qi
FORD e P B 7 ZEREE, o, A TR AT R
M R

EH W E+1 N ZIM W PHD 98 N
Ukt1lk (),
Ttk ) ) )
U1k (z) = z wlﬁ+1|kN($; m/i+1\k’PkJ+1\k) (34)
j=1

28 3 S 0 OB IR JE 5 PHD 94
U1 () = (L= ppy U (o) + Z Up s (732) (35)

2€25 41
Hp,
e _ _
vD,k-H(m;Z) = Z w1€+1(3)N<$3m1€+1(z)aPk]+1) (36)
j=1

J J
pD,k+1wk+1\qu+1(z)

wZH(Z) = Tet (37)

Kp1(2) + Ppi ZZ; wllc+1\kqilc+1(z)
q,fH(z) = N(Z;ziﬂ\k’Hk+1I')kj+1\kaT+1 + Ry, (38)
mi,(2) = mi Kl (2= 2,,) (39)
21£+1\k = k+1mlg+1\k (40)
ij-%—l = - Klg+1Hk+1)13kj 1k (41)
K|, = ‘PA:j+1|kaT+l (Hk+1Pk,j+1|kaT+1 +R,,)T (42)

SRR A m T R r B
PZH,T _ Af’/{+1|k‘7vqi+1,r(z) (43)
Zl plg-%—l\k,rqlg-%—l,r (2)
s, .

q/;-%—l,r (2) = N(z 2£+llk,r’Hk+113kj+1\k.ng/?+1 +R,,) (44)
ey = Hy Fimy, (45)
Py, = F P (F) +GQ(G)" (46)

Fh1 28 (33) BT (43) T AT 1 A n T4
MR IS A S AT S A0, P o
P25 BFG SLHHIIR], (L5 37 ie R0 75 3 P 5
Wi R LAR S, TR R R BTN,
IR 5 6 4 ) LA R .

(A B, A S5 SR [12) 0

B HRE M T SR R ME RS, BRARI “2et”
AR, RSHERE TR0 R L5, T
ST R B PR o PRI, 6 TR T R ARG
ARGE, W 2% R % P I R K 2 98 B (Kalman
Filter, KF) % 24 Jo 2 K /K 2 & ¥ (Unscented
Kalman Filter, UKF) &% = 17 ¥ 1 3 J% (Gaussian
Particle Filter, GPF)&FE 2V m Wi 5k, Lk
RN BE -

5 AR S

WL 2 dessA] i — 2 X A AR K HH B 2k 1) 8
AHBIHE bR, JUSEH R TE LA 1 Bros. 300
AERERFEE 60 t, RN T =1 o BEDHARTE K
I Z R & — A 4 4R B R OR o, =
[zk,%ymyk]T , (24, y3) B (a5 9,) 73 IR H
PRI ERELE . KA 5 NS Zh A H brizahid
FEREATHEIR,  Yaii i MRS HAZ 7 i

z, = Fz,_, +T'w,

o,
1 sin(wT') 0 - 1 —cos(wT)
w w
0 coswI) 0 —sin(wT)
F= 1—cos(wT) sin(wT)
w w
0 sin(wT) 0 cos(wT)
2 0
T 0
=l p /2
0 T

5 NI (R R S P 7 E RN Q) =
diag([0.001,0.001]) , HEEH fd R 5 AAHE, AR
LS MR N w, = 0, BIAIHELIZs), B 2

700

600
500
400 L EMe T UTTEYTRLY

300

y A E (m)

200

100

0

50 100 150 200 250 300 350 400 450 500 550
THIALE (m)

B RS HARE (o R7R Ml 1)

Fig. 1 True target trajactories (“o”, the initials)



F2H

W BF A% Sk 1 Jo s v A AR ABR 4 AR PR D e 243

Hw, =0.1,BM3 K w, =—0.1,884 hw, =02,
B 5 hwy, = —0.2 0 BRER 1 IAIEHEZ 4 0.8 LA
Ab, HoR 4 MERYIIEBEEIS N 0.05, Hh/RATK

By
0.900 0.025 0.025 0.025 0.025

0.025 0.900 0.025 0.025 0.025
x. =10.025 0.025 0.900 0.025 0.025
0.025 0.025 0.025 0.900 0.025
0.025 0.025 0.025 0.025 0.900

PR IR AL B MR I s, B RE N

0 oy

2, 2
NETEE
2y = L t+
arctan(y, / z;)
Hrp,
a2 0
v, ~ N|O0, )

ol Moy sl BEes A ey 22, Wk io, =1,
o, =0.01,

faj BB WL, AR H AT AR, Bk H AR
HUERUCH B AR B SERC GO, RV R K2 HIL
WATIE B . T E P RE B K& o288
Joax =50 BEBITTRON T =0.001, &1 A
U=4. KIMEEp, =099, HARFEHMEN
ps = 0.95 o ZEHURMIIME R 20 AFA S0, 1
(Rl B T

B 2 T D SCHR[12) S92 F b 2 IR R M 2R
Botidk. vTLAE M, TR Sk s A i e 5
A il i, TR 4 R — I AA R R A 28 DA S By IR AT
R 7, o 3 PR 2 (22) 5 A Bk 20 P A 28
MERIEACTHE ok, RIS TSI AR 8 i 56 45 JEon)

B AT B4
Bl 3 Fron NSt Sk b Hobr 2 R 4 %

....... g s

5 10 15 20 25 30 35 40 45 50 55 60
B 18] (s)

3 S B 2 ORI e th 2k

Fig. 3 Model transfer probabilities of Target 2 in the improved algorithm

1.0

: LT A
0.8 - AT
07 N\oi -—- Al

; —o— A5

0.5 -
0.3 o _—
0.1 Lo Lo
o
0

L

5 10 15 20 25 30 35 40 45 50 55 60
i1 (s)
Bl 2 AT HAR 2 BT A 2 il 2
Fig. 2 Model transfer probabilities of Target 2
in the origin algorithm

M. nTLUEH, BT BAOMER SR B A,
BARUME AR S I0 [ 4 i) 45 DA A5id ke, DRI, it
FEa DRI B b R G 5 S R, 7R
ZAIE IR L AT D e

4 Fros MR SRR B a5 A AT LR
BT R B R T VAN B AT AT U, H R
RANBN, PRERRZERR, HEZ EKEF.

5 s A B FL R R B E R . AT LR
e, H R R T RS R o R TS S A R
SEIZ AL [A)(P ERUI#, 4 H bR R AELEN I,
IRERRZERN, HARZ ERHFF.

SR FH SCHR [14) Hh Al TF 5 a2 OGS AR 1 H
Frfiads, &6 FIEE 7 43 i) S R R SOk Sk A3 3]
() IR T ER RS, (R AT A5G W i)

RGN R R RE, AT 500 RS
K& (Monte Carlo, MC)SES, K HAREUL THME
J7 20 OSPA It 8 #5 B9 EAS [R] 535 1 1 g 24T P
v, OSPA BB RS R

m

1/p
min y ~d* (mi,zw(i) )p +c’(n— m)]J

well, i—1

d];o (X,2)=

n

700

HSLHIL

600 RS

500 F-- i J e
400 |- :

300

200 .........

100 t- ] : : : : ‘ : .........

0

50 100 150 200 250 300 350 400 450 500 550
HIALE (m)

Kl 4 AR B LA R
Fig. 4 Single test result of the origin algorithm



244 W ik ¥ i

DS

Hrp, ZHEE N p=2,c=100.

B8 R 9 439 g JE Sy FN S0k 592 1 H b
A vh R, WTLLEH, AL HARE RIS
BT, HAREUS T R AR 22, TS5
B RSB e, B ERN, RN
B

K 10 Fros WA RIS VE ) OSPA BE g5t b mf LA

700

— HIH

600 b Lt BB

500 ...... , e
400

300

yHIATE (m)

200

100 fooee

50 100 150 200 250 300 350 400 450 500 550

THIALE (m)

5 U SRR IR FL A R
Fig. 5 Single test result of the improved algorithm

THIATE (m)

£
i
&
g
T (s)
7 DS AR ER AL (¢ R, )

Fig. 7 Target trajactories versus time axis of the improved

3

algorithm (7, the measurements, “——

’ : : : B
: : : R L1
7 b . »“‘j/%@%

e
(38

fliit B

M) (s)

K9 DOk H AR Sl v ge

Fig. 9 Target number estimation of the improved algorithm

7 the trajactories)

B i, BCESIRAE HAREG v AR RS By T
TOCHER[12) RS, BT AR TR A {E

R 1 Ps AAFEREER T 2R G PEREXTLE
LA, BRI BRI BRI, IR SR P fE
BATRT N R, (HRRRE, Stk OSPA B
SN, ARSEAETE MBS R, ARAEZE RN, S EER
BRURZE BN, DU AR TR RE -

AL E (m)

YA E (m)

B 6 ULk VBRI + 7 B, < i)

Fig. 6 Target trajactories versus time axis of the origin algorithm

«

(“+ 7, the measurements, “——”, the trajactories)

[=2]

vl B AR
- ot

D = N W

I
—

0 10 20 30 40 50 60
IR (s)

8 JRE I H bR Al vk g

Fig. 8 Target number estimation of the origin algorithm

OSPAH S

0 10 20 30 40 50 60

IS (s)

10 AFISER OSPA B %) E
Fig. 10 OSPA distances of different algorithms



F2H

DR B R AS « SR 1 i 30 v ST AR 3 A1 35t 5 FEE D i3

245

R 1 FEEMEEET

= Ak
Za

BEXTEE

Tab. 1 Performance comparison under the conditons of different detection probabilities

B b = 0.99 b = 0.95 b = 0.90
TS
ENZAPS et AT ENCAPS BASCIIC AT JR S BISCIIC AT
1) OSPA B 33.32 8.15 40.49 9.80 50.59 10.31
FIAR B v S 3.96 4.20 3.94 4.16 3.63 4.12
FbRHOA v b 2= 0.96 0.35 1.09 0.37 1.96 1.68
PR ER 1R 7 (m) 3.02 1.38 3.81 1.54 5.62 2.31
6 Q:b‘/\ BORA ee e o Sl S
Zale (5] Edh, BHERE, XRE, A ARt GM-PHD E¥GHT /s
S ; - N (). 2 . 1597-1602.
BFG-PHD JEJ J&— Rl S0 2 WL20 H b PR VL[], MR, 2012, 40(8): 1597-1602
ﬁ/z ﬁ'é’@?fﬁ/ﬁﬁ/ﬁ'a PHD ﬂ: T;}y—lz:lﬁj H*fﬁ‘] Wang Pin, Xie Wei-xin, Liu Zong-xiang, et al. A novel
*%EEEHU)\SC;ELo SR ﬁﬁ/ﬁﬁﬁi‘%’”%%%hﬂ Gaussian mixture PHD filter for nonlinear models[J]. Acta
N Electronic Sinica, 2012, 40(8): 1597-1602.
Pl ] T SLAE TR R B L cetronic Sinice ®
N TRV NN e B S 6 Mahler R, Vo B N, and Vo B T. CPHD filtering with
IS E IR e ST INEIPN ST Ui S s
v unknown clutter rate and detection profile[J]. IEEE
PR R0 L £ R B R ATV, AT )
y y ;. |4 . g
Hb%ﬁﬁ%ﬂﬁﬁﬁﬁm%/ﬂﬂﬂ E *Zl:o %gﬁ/u%%% , E& . Tmnsactwsns on gzgnal Processmi, 2(8)117 59(8): 3497 35013.
\ 8 ™~ IS o \ 7 Vo B N, Singh S, and Doucet A. Sequential Monte Carlo
BEEVE BB AT BRI A S5 50 B Ak 1r) i, PR e | o -
N N methods for Bayesian multi-target filtering with random
PTAESH BEG-PHD BEBE, HAT RIAFH) TN . S —— | o
. N . N inite sets|J]|. ransactions on Aerospace an ectronic
ASfe RT, ASCH ISR B b LU o, B
o = - e Systems, 2005, 41(4): 1224-1245.
A HFRBENLEE RO H AR SR IGA S, HRHHIE 5 Vo B N and Ma W K. The Gaussian mixt bl
DU 3 o and Ma . The Gaussian mixture probability
HFsfTAE R . #2 TR, w5 Z AR A H AR N LA R
N N n, - . . /7K hypothesis density filter(J]. IEEE Transactions on Signal
SN HALE AARRTE RS T, BB RAESA Processing. 2006, 54(11): 40914104
rocessing, , : - .
o ﬁ I /2}\_\‘ %l ? u_»%ﬁ \é L H_j;
r Hb %g!\ %gﬁi R ESRE 9] Punithakumar K, Kirubarajan T, and Sinha A.
Dﬁ ot ° Multiple-model probability hypothesis density filter for
& % pra I_ﬁk tracking maneuvering targets[J]. IEEE Transactions on
(1] R, FE2, F06. IMM-Singer KR IHLE H bR HLER % Aerospace and Electronic Systems, 2008, 44(1): 87-98.
[J]. KAy 54edesst, 2012, 37(2): 32-34. [10] Pasha S A, Vo B N, Tuan H D, et al. A Gaussian mixture
Tan Shun-cheng, Wang Guo-hong, and Wang Na. PHD filter for jump Markov system models[J]. IEEE
Maneuvering target tracking algorithm based on IMM-Singer Transactions on Aerospace and Electronic Systems, 2009,
model[J]. Fire Control & Command Control, 2012, 37(2): 45(3): 919-936.
32-34. [11] Ouyang C, Ji H B, and Guo Z Q. Extensions of the
(2] VR, XG5 SRASHIE N M IMMIPDA $L7A[T). SMC-PHD filters for jump Markov systems[J]. Signal
FEA AL 'Jf'&*v 2012, 34(1): 67-72. Processing, 2012, 92(6): 1422-1430.
Xu Jiang-hu, Liu Zhong, and Dang Ling. A centralized (12] Li W L and Jia Y M. Gaussian mixture PHD filter for jump
1ti 1tit t tracki lgorithm based iabl
HEHSERsol mutitargel trackiig algoniiuil based ol varable Markov  models based on  best-fitting  Gaussian
structure multiple-model[J]. Ship Science and Technology,
W approximation[J]. Signal Processing, 2011, 91(4): 1036-1042.
2012, 34(1): 67-72.
. o (13] Hernandez M L, Ristic B, Farina A, et al.. Performance
[3] Dempster R J, Blackman S S, and Nichols T S. Combining
IMM filtering and MHT data association for multitarget measure for Markovian switching systems using best-fitting
tracking[C]. Proceedings of the 29th Southeastern Gaussian distributions[J]. IEEE Transactions on Aerospace
Symposium on System Theory, March 1997: 123-127. and Electronic Systems, 2008, 44(2): 724-747.
(14] Panta K, Clark D E, and Vo B N. Data association and track

[4]  Mahler R. Multitarget Bayes filtering via first-order
multitarget moments[J].

and Electronic Systems, 2003, 39(4): 1152-1178.

IEEE Transactions on Aerospace

management for the Gaussian mixture probability hypothesis

density filter[J]. IEEE Transactions on Aerospace and



246 A 2%

Electronic Systems, 2009, 45(3): 1003-1016. performance evaluation of multi-object filters[J]. IEEE
[15] Schuhmacher D, Vo B T, and Vo B N. A consistent metric for Transactions on Signal Processing, 2008, 56(8): 3447-3457.
£ & &

KREH % (1985-), %, fitja, pyahr BRI (1976-), 55, TR, 5005 55 a8, JolE e
RO A1 A B, I AR TSR 29 PR
BT t)E . WO H bl S e m(1972-), B, WHIUGL, BSOS RN S AR TEIE
PRER. ZALREHE B PR

E-mail: ouoyc@yahoo.com.cn

“TERIENAIE” FFESEEA

I F TGNV AR (Space Time Adaptive Processing, STAP) A TRIE A5 AHg. LA BT HraEa
B AR AR RURJE T 1), JCHAENUEUE TR A . ML DR TR A . MLk ks Tl BAEGEIL . AR IA.
R (i) FEALPE TR T M0 R A% BUT-HRAT AR b CARE S TR AR o Bl 22 3030 B 41 R AR R 5 S 5 5
AEFRS DO R, STAP e ACKE HLAG 58 4 ) el (¥ 22 R i M B i 35
N T M ESE STAP FiARIECH I FURE, #E5) STAP BiARME RSN, CFRIAYAR) SUEEYI R “2
I H G RNANEE” LA, L) 3 g A A I 2 B K R
LIFUE ] B N AMAFFAESE L RIE S0, WIS L5, 228 FIRMIE N AR AER ,  AE SCAT ORIl R o
—. fEXHE
TR THILER /R 5 TR T8 5 I 2 e A%
STAP #Hi#lie. Hrit&EHEA
SRR STAP
SR HUBEAEE N STAP
23 IS L N AT B 18 5 A
HHAHDD STAP
FET R4 A STAP
FTE PN IS STAP HiR
W% HHHE T L STAP HiR
MIMO & H$IHLEE % STAP £R
34 E L # ik STAP HiR
R/ B i H A STAP HiR
R/ MR ALEE 7 % STAP HiR
14. A HfLEEIA STAP 5 GMTI HiA
15. MRETEIA STAP WA
16.  BUMEL S Fi B A 1 STAP N
17. AFNFEIA S STAP
18. STAP SZRfSEBLE A
19. HAh STAP MR A
. AESCEK
OB, ARy, BIFUERE, SCFR, EIREW, EEIEN, MARATERE, HIECE,
CORFRDL AT AL, BRI R AR (D,
CBRREOEH I 2013 4F 8 H 30 H, iH7E (FIAFAR) MBI R BiENAATE” BT,

© 0 N o WD

T
L o Np =2

Il

W N =




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


