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Multi-target tracking based on improved probability hypothesis density filter

WANG Haihuan WANG Jun
(National Lab of Radar Signal Processing » Xidian University, Xi’an 710071, China)

Abstract Due to the most recent observational data being unused, the particles in sequential Mote
Carlo probability hypothesis density (SMC-PHD) filter which are drawn from prior transition is far away
from the real states and may seriously degenerate. Aiming at these problems, we propose a method named
square-rooted cubature Kalman sequential Mote Carlo PHD (SCK-SMC-PHD) filter which uses square-
rooted cubature Kalman filter to generate the proposal density function and obtains the present particles
states by sampling from the proposal density function. The proposed method which can alleviate particles
degradation effectively has rigorous mathematical theoretical basis and strong adaptability. Simulation
compares the proposed method with C-SMC-PHD filter and the SMC-PHD based on unscented Kalman fil-
ter. The results show that the proposed SCK-SMC-PHD filter has a higher accuracy in estimation of both
individual state and target number than the two methods mentioned above.
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density function; square-rooted cubature Kalman filter

. T-REWLE B4 (Random Finite Sets, RFS) #if,
9l 5 2 AR BB HE A7 B 4 A, M TI A B8 B 0 50

T TR B G S BB UV 805 F RSB B T R 5 F AT
EFRA SR, P R IR, Mahler 35 U1 UFS7 18 B 69 R UL 3 T 55 1 B — MRS 1L

W Fs HEA: 2015-03-18
HETE : BR QAR FEE (No. 61401526)
BZ&ZA: £BHF E-mail: hathuanwang@126. com

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

54 W

£ F R %31 %

TARMES B £ Hin 2R 5 2% B, B M Mahler
A2 Bin 2R E BB ARs B —IrEASH
A 576 2 H An D37 5 HE X gE AT 208 X L AR
# B % % & (Probability Hypothesis Density,
PHD) P& ™. PHD 8 Pl i — B 3T oL, FEAR T
ZEBNH BN ITEZRE, KPR ER RS
(Sequential Mote Carlo, SMC) 52 37 1 /] 72 3k
LEEHHEFMHTEN B THETFHEZESE
FAEEE, B SMC-PHD 8 i B A fURLF 18 3%
(Particle Filter, PF) [a]#f #) &t 5, BY B DU R 4K
B BT S B R RE A R B oG L

# i SMC-PHD (Classic SMC-PHD, C-SMC-
PHD) IR ¥ H iR RSB RN EUUEE R
B0, TR AT R0 WL &, 5 BE IS SR B N E R,
RENFEEAIEFRESETZ, KFBUL™E.
FH%F SMC-PHD 8 g 130 %5 BE ok $0RY 2 95 1) &,
W& 2H RN WA R SMC-PHD B ¥, ] i %5 T8
BRI 7B IRy SMC-PHD B3 BT RR/RE
JE ¥ B SMC-PHD ( Extent Kalman SMC-PHD,
EKSMCPHD) B B F LB KRR S EEH
SMC-PHD (Unscented Kalman SMC-PHD, UK-
SMC-PHD) S 351 &5, 78 3% s g i B9 BB 36 v, UK-
SMC-PHD 5 1 B 5t g |\ ARV, A i + UK-
SMC-PHD & #: 3R F o £ /R B 18 3% (Unscented
Kalman Filter, UKF) 7= 4 #{ %% B B %1, 1 UKF
AtERE X B A RS 4EER R &, B UK-SMC-
PHD 7& H 45 R 25 4E 8080 i 38 g 1 B R PR AR TR

ETHIHMAERK/RE B KA SMCPHD
(SCK-SMC-PHDY 8 3%, FIH # 7 iR AR IR B 98
¥ (Square-rooted Cubature Kalman Filter, SCKF)
A U B SR A, SR G R BT R A A5 B 1k
TIRES. AR K /RE B (Cubature Kalman Filter,
CKFYf UKF [6 & Tl F B8 B0 il ke v 4 R 40
0] & A e 8% , (B[R] UKF R[A], CKF JR A AR 5
T HRE-EMAREN, 2 FELHFESEN,
BIRSL R ERL, H CKF HREARZ BFp RS
f BRI 3% AR 3. T SCKF JE%t CKF A3 — %
ok, R T iR 7E CKF & 27E UKF H#8F #47
W T ZEERF T BE, E—P R T CKF §&
FTE . f5F T X ik 36 & B, SCK-SMC-PHD &
Foie Xt HARER B ik =Xt B RS 84l T AR T
C-SMC-PHD & # UK-SMC-PHD # .

1 BT RFS WZ HARHE

1.1 PHD &R

RFS B4 EH RABEPL T T A B E S
PHD 3§ ¥ 2%+ RFS #ig, 6 2 HinlREE TR H
RSB O B4R & 2 BB R RES, HA]
RESRS 5 FULZRER . EL Bir)E RHE
REEW AN ARETRT . HeRERERE
BB — B ARV KA B 78 2 H An DL 37 B 38 2 X
s . AT 746 T 22 B b DL 307 B 5%

Bk WA NG A BERED B X000
Xi,nve B BHR A M) MRS BA 26150 2 Zi,m0
MR &, 5+ RFS #ig, 4 513 £ H 4509 H A5
REE X, MNNEZ, EENT .

X, = {xk,l ""’xk,N(k)} € &(l)’ D)

Z, = {Zp1r s Zmw | € RO (2
AP R SO 4518 BFRREZER y © R Fl
MM =16 § = R LA A RTENES.

A BRSO 2 B RES 2248, W)k
BE AN R B 2 AR R R, BB £ H
s DU I 40 32 HE X 5
R -

Perer (X | Zip 1)

= Jf—’kuﬂ (X, ‘ kal)Pkfl\kfl

(Xes | Zie )8Xe 15 3
E%f:
DPere X | Z11p)
L 5 X0 X | L)
Jgk (Za | X0 s (Xa | Zu 0K,

X gl WZEHRKEUAEE: pu (X, |
Z.) REZEWRBEAEERBMEEE; pna (X |
Zi ) HZEWRBEEERMERE; puc (X, |
X)) B % B b RS T AR 25 B R 4L

K2 B N 8 pee (Xe | Zie) H
2e (X | Z1) S3 B A — B 5 Dy (o) A D, (x) 3
&R, 5% PHD g9 ,
T

Dy (x) =, +J(,3k\k—1(x | & +

ps,k(g)fklkl (x | é))Dkﬂ (é)dé;
5

€Y

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

%18 EERF A TRAMEBEBRETEN S BAREEE 55
B Leats

D, (x)= (1 _ﬁd,k(x))Dk|/r1 (x) +
Z Par (X gz | XDy ()
Ll —’_de,k(x)gk(z | ) Dy (x)dx

(6)
K po: (O HEBFERE; fupa | HHEER
AR EPREFE B s Bue (o [+ ARTA B IR AYH
RIEERE v ok W24 B AR B RS Do
H kR Z AR AR o HAREMREE; LA
FPTFHEG g0 (| o) B HFMSA BEL
1.2 SMC-PHD jEif
ok PHD jE B 35| AB THESH,B.-N,
Vo & T SMC-PHD JE¥. &B %@L — R I
FUE F BE LR A CIBURE 7D 3R IR s D(x), 7T
TEAR 2 PR s i 45 4 T 43 PHD 3B 89 M 45 .
BRAE (221 iy i e — 1k = 1) B9 %) PHD Hyhi
T Ly 2 k— 1 B ZIRRL T80 A% BT A Br,
SMC-PHD WREE LALLM T
& T - 5y 0 0 T R T U PR AR g (e
20,2 MU AR F @ UUR E R p. (| Z) RFE
A3 & B 2R TR
o @G ol X202, i = 1,2, , Ly 15
e Pl Z), i =Ly + 1, Loy + Js.
D)
B R (8) THRERL T xi” X BRI AUE wie
w/i?/rl ~
01 Poaf i (X | X2 /@ G| X210, 2
i=1,2,,L,;
Y () (Tepe (x| 235
i =L, + 1, ,L + J4.
€))
K T =N, AFER T 0 BB E BN

REERHGN, = [v.ode Wi FERRIEL,

@ T RIEXO, FIHWNE Z, FHAF
BUE N
o = wffer X 1= pua i) +
(/)k,z(xl(ci)) i|
€z, Aecr + oot sz ? ’
i=1,24 Ly + Js.
K G (x”) = pap(x”) » gz | x),

Lyt

{whe1 sPrz) = E ‘ﬁk,z(xlii)) « Wil €))
im1

& TR GG AN ERECN, = D)

o [ DT RA e ATHE. B/ F AR R L

BT XPRLF R A s f i e BETECRFE, TN
REMRA L EHE ke 2R T &£
{x$” ,No/Ly Yo, , o L, = 1 « N,.

& Hin RS SR k-means L0 H Rk
JERBIRLTFEE (27 Ny /Ly iy AT RE TR
B & ot 20 B AR RS AT

SMC-PHD 38 19 % 4 25 B i Fe L 8 0% BE R
B k. C-SMC-PHD # 4 H Fr R 48 5 B 5
S VU BE BRI, TR R R B L TR B B AR
RIARNYERES, S REN FWE B ELRE, 1
SMC-PHD 3 #E3X r , 3% $hi 1 R AUE & 48 AR/
Blax st F X E MM R Tl P AE, MEER
TUHR B F7E AR 2 rh S Ok A T IR 4k ™
H. RSP BRBE AT W Y B B s, UK-SMC-
PHD [ 8 &% . {0 UK-SMC-PHD 3£ Il & 2 5%
WEZ HAR RSB N . 4 H RS R B
M, R M BB R FA RE L Al i, UK-SMC-PHD & ¥
FEXD T EEGHRT AT EE, —HEERTHE
THAM T EFEEEEE, BErlats W
SCK-SMC-PHD ik & 3, #| F§ SCKF #4 5 gt i 8%
JE R, BRI = T B VA RO PR ER G 1, R B R T P
ZEHET 2R, HELHRAZ Bin RS %R
il , S 58 T BRI IE R RS E .

2 SCK-SMC-PHD g%

2.1 SCKF &#i%x
FR—BZ HRRE RS, FEALTRT
0t H AR B R E] A9 2 A O R AL 07 AR, R
x, = f(x) Tt s
z, = h(x) + v
W fCO M AC) 205105 B b B i 72 5L R AN
WAL x, Rz, 2300000 kB 2089 B ARRZS AR & 5
Wt v S0 T R MR AR AL MR A L IR B R O,
M7 25 3R Qe JRe B 31
Yk R 05 R BRI Uy 7R D R AR R, TN gk
Ve i B DA 18 TC 145 20, R D3 4045 280 I0 o B
B I LR 2 W T B9 O . T/] UKF A4, SCKF
2 38 1o BE AR 2 R R RS B = 4E A (B[R] UKEF
g UT ZE IR Sigma 1 8977 AR, SCKF 2 F
= B BRI 42 7 2 AR o T B2 R A

o

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

56 LA

£ F R %31 %

FERGREMEF IR I ARG,
i VB I RO [ R T Al BSR4 AR R B0 AR 2k o
50O R TR AR R A AR A B [ R 2 R A TR R
ERXHN

Y() = [ Feoexp(— 5 0dx

— [ @« NGs0.Ddx, an
A fCO NIELERE; xe R n A4 1
A on X n B AR,

XD HERLRREBR B ERE- 2 W25
AT.2x=ry(y "=, x"x=+,r€ [0,00),
#HMmMAD ERRmE- LR ERTH

Y(f) = FJ £y exp(— ) ds(y) dr.

(12)
X U, RBAEEKE; (<) RARIMIT.
X A2) FE—F Al Al 5 R - 12 [ R

Y(f) = J?S(r)r”ﬂexp(— ydr; (13)

S(r) = L FOry)do(y). (14)

K A3 ARG, XA HHIRIEZER . 5
BRI m, A A m, A J 3T R - JEOK e E T A
BRI AR 2 RS ALK (13) #nal(14) BAR R

JwS(r)r’Hexp(— dr = ZaiS(n); (15

0 i=1

[ fomdetn = D050y, (16)
i i=1

WAL MRS IERR R
Y = Lnf(x)exp(— xTx)dx

_z 2 Eaibjf(rl—yj). (17)
i=1 i=1
HF ZRFIRE- R A AEN B m, = 1,m, = 2n, 7]
ex
2n
Y(f) 2 D wif (@), (18)

L (oo s} 2 Ky — 2R 5] B0 B B0 AL
w; = %19(1’1' ﬂ‘]%ﬁ@(l’ E/‘J%l ﬁuy
0
[1]}

1
o ﬁ{
a9

B UL BT Al LB Y, SCKE H 258 FH &8 N 3%

0 —1

LTI

0 0

. UKF H Sigma g3 BN BCE 2, B BAUE /93
B UKF fj#, Mtk SCKF Wit B R HEERT
UKF. [, SCKF 4 fE AR T S8 i 4%, A
5IAT QR o f#, MR THEBEF FiE®H, Fm
UKF Wfa g HZE 4.
2.2 SCK-SMC-PHD jEif

YT SCKF 7E 4L 38 JE £ 1 38 3 b 59 I sk, #)
Fi SCKF ¥y SMC-PHD b iy g 13 25 BE o %, T3 %
HHEAT R BTN 7 RAS. A SCR A ARG R
ERTEM A 4 F FH SCKF BN EERE N4

E51 & — 1 B 2R T8 {2 s i s Si2 M, o
o S0 SR AR AV RL T B B O 22 55 I R 3 O AR, IR
SCKF 5 2| @ 80 % BF pR 40, 1 T AR & Bt 2 A7 T R 7
R x G =1,2,,Le 1) MESBEMT

@ FRBCE BT TR R R AR A H AR

fori=1,,L,,

for j = 1,++,2n
o1 = S @ +xi’1, w;, = 1/2n,
end

end

@ A FRAE T B UEAT B R BE BT, A R

fori=1,,L,,

for j = 1,++,2n
ol = fQglea)

end
2n
O T E: OF
Xife1 = 'w,'x,'fk\k—1 ’
=1
1
hx o =
Nile— — ( >><
Vln

[xif’kTH - ;Clg?k—l xé?kafl - ;Clgl\)kﬂ
x;i),z‘kfl _;Clif)le—lj’
Sien = tria([nif)kil Sa1 )
end.
S ATRBRE B Ir Z2H Qe WIIFR, B
Qi1 = So. 180,415 triaCe) RN —F =M1k
BEBEEBANEFAT 253 QR AN L=
FAAERE, I S = triaCA) fRFE S = B
& AR & HE47 B B A, 43 3 Bk 7R
SR BE RN B RS U 7 2B 7R, K
(CIED]
fori=1,++,L,,
forj =1,,2n

() — QW )
Xiveie1 = Siea@; T Xile1»

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

%14

EHRF AT RSB AREK

FEN S AAFRIRI % 57

) _ o
Z e = h(Qxe) s

end
2n
0] — ©)
Zifr1 = § :wjzjfkuﬂ ’
j=1
i — /o () W ) —
Al = (1/ 2n) X [le,k\k—l 2 Lok e
o) (i) W
2 2 e — 2k 1

Sg),k|k—1 = tria([li?kwrlSR,k]) ’
ﬂli?kﬂ = (1/ V/2n) X [xﬁ)klhl

W
xkllk—lj’

- -;C/(ell)lrl xéi)klhl -
;Cl(ezl)k—l '"x;i),klk—l

sz)k\k = ﬂif?l/‘iiﬁk—l ’

W() = (sz k|1r1/s$,£\k—1)/sii),k|lr1 »

x = x{hg +WP (2 — 2 ),

S = tria([ gl — WAL WSk D s

end

Sk, %ﬁ%ﬁ”ﬁﬁﬁ}ﬁ%%& E/‘Jigﬁ*ﬁ’ﬂl] R, =
SR kS;k

& X DUE R g0 | xi20,Z0) RAEREDR
TR xR

fori=1,,L,,

PP =8P §OT,
~ q (o] x,Z) = N(xP ,p®),

end

SCK-SMC-PHD gy H At 2 B 5 C-SMC-PHD 1§
&, 0 1. 2 % & k.
2.3 SCK-SMC-PHD 5 UK-SMC-PHD 3f Lk 43 #f

SCK-SMC-PHD i & ¥ 5 UK-SMC-PHD j§
BB BR B A 2 b 7E T4 2 2 DU R 7 A
[, il & 3@ i SCKE 2k BUgt U8 pR 40, 5 8 W 2
1 1 UKF 3R BCE U8 & ki % SCKF [a] UKF A [A ,
AR e o — L BB AR s SR B 5 R LT B S {E AT
J7 2, (BRI B BB E B0 w1 O SR TR (RT3 8 B
AR W Sigma ). 9 77 3T B P AP Bk
BIPERE, 45 i UKF @ UT 22 3R B Sigma i 245
B O n BRI R x, HIYEN o0 T RGN
P> W x B XF R AY Sigma i {y:swit 2o BYBE T X
L]

Xo = prwo = w/(n+K);

rv=uput (VatoOpiw =1/CHu+K);

Yoi = p— (VA FOP s = 1/t o).

@)

RAF, i=1,2,,n.

TERBENTIUAT AT R SCK-SMC-PHD
5 UK-SMC-PHD i 16 : 5 — , B i Ffli. SCKF &

B MEBUR S F =W ekim- 72 15 R 4 v 458
Pﬁ%ﬁ@ﬁ%?&%w&m@ 1M UKF H Sigma & & H
AR BBy, T UT 28 e B A 1R SCRY FR iR 4R
JE,,\ SN EBGE T ERBER, B,
SCK-SMC-PHD 5 UK-SMC-PHD #i b, B4 5 3%
MHEBXHE. B ATERE. MR 2 MR ATLUE
H s &SR » (I FENLAE & , SCKE B E 202 AL
&, M UKE W& %W 22 + 1 4> Sigma &, FH i,
SCK-SMC-PHD K % ¥ iz 17 0t W & 2 F
UK-SMC-PHD. [Fkf, UKF FEBEF SHE BG4
Sigma s S H B XF W B ALAE . T SCKE A 25 1A &
HABERIBRAFEZRHSM S5, B, SCK-SMC-
PHD &% E 2 FEMK T UK-SMC-PHD. % =,
BREN. BRI AMUFEH, UKF & Sigma 5 & H
BUE R BRI T B8 e R MR BEAGER S
JEEWMBE YRR, B R Y B RESLEHRKR T 3
Bl , UKF Bkt aE R 58 e R H BRI, 1 SCKF
FERRNER R 5N EEYE, 7 EBEM4ER
A%, A It SCK-SMC-PHD & #: i UK-SMC-PHD
BYEERE. Wb, BT SCKF Hf T UKF iy
FREFF T B, F—##E T SCK-SMC-PHD 3E
HIFaE Mk, 2810, B ERHS . SCKF 5 UKF &R it
— A HE KLU 2 4ER 5. A 3 SCKF & UKF
EEMRESERB R HREEE, € XReH
?[101
L= ol [Se.
Ko, IEME S A AUE (SCKF w3 5 LS AUE
UKF H % Sigma SAUE). 4 1, > 1 it , B4R
BEMITE I AR KRIRE. £ SCKF i, I, thA % T
1, M7 UKF 41,0, ERS S8« AR IKT\BLE
WMER n+rx=3, GHIRRELE /N TET 30,
L %F L, SBWRE4EH » KF 3681, KF1H
WEE Hbr 450 B T 3 oK. ik T I, 2 H AR R A
AR R, SCK-SMC-PHD S MIEEEEER
F UK-SMC-PHD.

3 SLIRFE

o B A ARG B U S I 7E £ 15 R
& et fE R T, X 4 CSMC-PHD,
UK-SMC-PHD #l SCK-SMC-PHD = & 3 /) I

PEgE . B A R NE 1 fin, B RS S
ﬁéq&uﬁﬁﬁi Xt 15 1% AR .

P B2 W X 88 [ — 30 30] km X [—30

@D

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

58 LA

%31 %

R GTE3

Hillhi

1 HETER

30] km By 4B F- . a0 0] km,3 A
REgTukAe bR B 00 20] km [—17  —10] km,
[17 —10] km, BHRREHR x =[x x4 Ve 3'/k:|’
mABNEFE (2 »IMEREE[z 34
W BARH R B4y A 9 [20 25] km [15  10]
km,[10 30] km f[20 15] km, B #7558 & 75 A4

[150 60]m/s.[200 —10]m/s.[0 —180]m/s
ML—170 0] m/s. BARRRES TN
1 T 0 0
0 1 0 0 n
X, = X
oo T
0O 0 0 1
T _
T 7 0 0
3
T? ™ 0 o0
q s 22
0 0 T 7
T3 2
0 0 5 T

AH,g =3 m/s* R FBRIR IR, W 57BN
Rk]T = ["01,1@ JJF

U2,k
a—z)+G—y) +

@—z)x+G—y)y
«/(x—x,)z + (y—yr)z

z, = v, + [R,

@—z) +G—y)
x—a)x+ —3)y
(x—xY +G—y)f

23
RF: ve IWIRFE; 0,0, AT ST T
EI RS AR 2243 58 100 m Al 1 m/s.

B th B R B 2] 43 300 SR W) AR B %0 .10 5,30 s
50 s, HERH K B9 2070 5 0 60 .80 5,100 s Fl
100 s, BFRFFTEBER p.=0. 98, Ky WHER po=1, 57
AHFEARMANRER, KEERHH 7 (o

3
= >70.05N(x;m;»p,) , FH p,=diag([200 5
i=1

200 51T A H bR Py T 25 . A% B TE VR X 4R
WIS 5 BT B0 8 A=10, B8t 2181 B
FaRAE 1000 MR, B ZI A TERFEHRY
iR HCR 1500,

E 2 EARESNE S MR T EA 3 B
B E. & 2 W RLE S, CSMC-PHD A9 #R BR
fefk . X2l F C-SMC-PHD H @330 % FF R 501
EPRGRA W A5 B, PR T AR TR, B ol
JE BRI A BT AR B I R A K 4 B H AR B SE R
B, S BN R 6, R PR RE T PR E. 1 A A
5 B4 8 2 U0 B R 3L UK-SMC-PHD 5.3 i
SCK-SMC-PHD % 3 H ¥ g8 ¥ B ff T CSMC-
PHD, H # SCK-SMC-PHD & ¥ [ fig X ¢ F
UK-SMC-PHD &%, B I 7T WL 2 330 2% )& bR 40 Y 8
B R E LR,

L X10* C-SMC-PHD o x10* UK-SMC-PHD 3 x10* SCK-SMC-PHD

xff'ﬁ]/m

0.5 0.5

0.5
100 0 100

50 50
B / il /s
(a)

35x10“ UK-SMC-PHD s x10* SCK-SMC-PHD
. .5

)’frﬁl/m

0.5 . 0.5 as

o 50 100 50100 ™0 50 100
i1 A Bl / s Bt / s
(b)

2 BRERENTE

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

%14

EHRF AT RSB AREK

SCH R L F 2K 43 B (Optimal Sub-Pattern
Assignment, OSPA) 4 % B 5 IR B B 174l A5

W, X = {x1,x, ) FIY = {y1 5y} HBAME
BARESG mHAn 508X MY P TTENEE

m < n, | OSPA B E S HH

( (mmzd()(x s Ya )P T

€Il

d¥(X,Y) =

1/p

c”(n—m))) (24)

#Zom >, dy (X,Y) =dP (Y, X). X p Flic 43
FAEEREFRSHBENLREGRSLEHET
Bp=2,c=500.

B3 FIE 4 45 % 100 Ik MoteCarlo {5 E )5,
=M PG TR 2 (W B AR ECH IR 2D X H B
MM OSPABEBRREXWE. 5E 2 finRm—BLH T
5 AWM &, » SCK-SMC-PHD #1 UK-SMC-PHD
B9 UE RS B e A B TR B BRI F T
R AL T C-SMC-PHD B ¥, Al A, dy &l 2 FfEl 3
AT LATE i B W He F f SCK-SMC-PHD #y IR Bf AF &
ZALF UK-SMC-PHD 83,3 52. 395 i EE 43
Hr—=.

2.0

1.8 L[——C-smc-pED
—a— UK-SMC-PHD
1.6 /| SCK-SMC-PHD

1.4}

W12}

5& 1.0}

&

£ 0.8}
0.6}
04}
02}

B
L.

&
90 100

30 40 50 60 70 80

W E / s

10 20

3 BfHREXKE

T T B UE = ARk X S ] 2 U A R A N .
A 494 0.001,1,5,10,15,20.,30, fE A Al 2% &
B ZR IR R, 243 100 ¥k Mote Carlo i E., = #b
B MG TR 25 X B B R OSPA BH B IR 20 1
B4 5 FE 6 Bras. HIE 5 FIE 6 iTLLE
AR 7 FE AR R BT, SCK-SMC-PHD 58 ¥ iy BR 5 A% BE
EF C-SMC-PHD & ¥ f1 UK-SMC-PHD % 3.
EMEENEREREEAEEENERTMA KT
K A =F 55 32 1, SCK-SMC-PHD 5 ¥ X 4% I #F
5% R 38 P PR 9

B % BRI & 59
600
500

g

—*— C-SMC-PHD
—— UK-SMC-PHD

OSPAFFE / m
W
S

20 0 v | SCK-SMC-PHD
100,
4
Qwﬂb W %fﬁéﬁ" / w}ﬁ‘
o : ) h
0 10 20 30 40 S0 60 70 80 90 100
BfE /s

4 OSPA BEE % EL B

1.8

——C-SMC-PHD
L6} |——UK-SMC-PHD
—+«—SCK-SMC-PHD

14

1.2

b
® 1.0
=
£ 08
R
0.6 E
0.4 3
0.2 1
0 ]
0 5 10 15 20 25 30
PRI
5 BEHREXILE
600

—+—C-SMC-PHD
—2—UK-SMC-PHD
' |—*—SCK-SMC-PHD

OSPARHES / m

0 5 i0 i5 70 25 30
2R BRI

B 6 OSPAEEERILE
4 45

B Xt C-SMC-PHD 3 i Aoz 1 38 4l /™ 2 /Y [7]
&, 4 SCKF 38 3 5 C-SMC-PHD #i1 45 &, Il H
SCKF %t 8 i % & bR %0, 32t T SCK-SMC-PHD
IR, TR R R ER KR, BEA AU
C-SMC-PHD H # %: 738 1k, 5§ UK-SMC-PHD &
B, TR BN, R RE A, 0 AR
5%, H 2 B AR AR e o o, L BR B B S £

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn
http://www.fineprint.cn

60 LA

£ F R

%31 %

HERMIEL T LAE®. FT—H N IFERH
SCKF 5#.43 4 PHD ¥ 3 F 2 01 % J3 yg > A
G5, UGE DR A Bk iR R LA B B E T
PR &5 H s S 5 SCK-SMC-PHD B B9 SC B 1, R
TP TEMEA.

S % 3k

[1] MAHLER R. Random sets: theory and Applications
[M]. New York: Springer-Verlag Press, 1997 129-
164.

[2] MAHLER R Multi-target Bayes filtering via first-or-
der multi-target moments[J]. IEEE transactions on
acrospace and electronic systems, 2003, 39 (4):
11521178.

[3] VO BN, SINGH S, DOUCET A. Sequential Monte
Carlo methods for multi-target filtering with random
finite sets[ J]. IEEE transactions on aerospace and e-
lectronic systems, 2005, 41(4): 1224-1245,

[4] WHITELEY N, SINGH S, GODSILL S. Auxiliary
particle implementation of probability hypothesis den-
sity filter[J]. IEEE rransactions on aerospace and e-
lectronic systems, 2010, 46(3): 1437-1454,

[5] MELZI M, OULDALI A, MESSAOUDI Z, et al
Target tracking using the extended Kalman particle
probability hypothesis filter [ C]//European Signal
Processing Conference. Aalborg, 2010:. 1821-1825.

[6] TANG X,ZHOU J, HUANG J. Improved particle
implementation of the probability hypothesis density
filter in resampling [ C]//IEEE 12th International
Conference on Computer and Information Technolo-
gy. Chengdu, 2012. 56-61,

[7] ZUOJY, JIAY N. Adaptive iterated particle filter
[J]. Electronics letters, 2013, 49(12): 556-557.

[8] BHUVANA V P, UNTERRIEDER C, HUEMER
M. Battery internal state estimation: a comparative
study of non-linear state estimation algorithms[ CJ//
Vehicle Power and Propulsion Conference. Beijing,
China, 2013; 5-18,

[9] MAHLER R. Multitarget detection and acquisition: a
unified approach[ C1//Proceedings of SPIE-The Inter-
national Society for Optical Engineering, 1999: 218-
229.

[10] FE. HHFX. BE, % FHERAEREBREESHR

EHEF R R AL BB R, 2014, 29(1):
26-34.
NING X, YE C M, YANG J, et al, Cubature Kal-
man filtering for orbit determination of space targets
[J]. Chinese journal of radio science, 2014, 29(1):
26-34, (in Chinese)

L11] ER, 5K, RE. ETHEHENLEMETEX

FoERHXBBARLIL HEREFIR, 2005, 20(3):
381-385.
WANG J, ZHANG S H, BAO Z. Study on the exter-
nal illuminator based passive coherent radar experi-
mental system[J]. Chinese journal of radio science,
2005, 20(3): 381-385. (in Chinese)

[12] ¥4, TER, BER, % SMEHERMBKTRE

MLk R E 4] BIEBFEEIR, 2014, 29(3):
442-449,
XIE R, WAN X R, ZHAO Z X, et al. Localization
method and accuracy analysis in hybrid sky-surface
wave passive radar[ ]J]. Chinese journal of radio sci-
ence, 2014, 29(3);: 442-449, (in Chinese)

[13] SCHUHMACHER D, VOBT, VOB N. A consist-
ent metric for performance evaluation of multi-object
filters[ J]. IEEE transactions on signal processing,
2008, 56(8); 34473457,

[14] VOBT,VOBN, CANTONI A. Analytic implemen-
tations of the cardinalized probability hypothesis den-
sity filter[]] . IEEE transactions on signal processing,
2007, 55(7): 3553-3567.

[15] VOBT, VO B N, CANTONI A, The cardinality
balanced multi-target multi-bernulli filter and its im-
plementations[ J]. IEEE transactions on signal pro-
cessing, 2009, 57(2): 409-423.

fEEE
Eiﬁﬂ; (1987_)9#97?{;”5/\91@‘}:&9?&-91
EH T QAR LT 95 R AR,

F/ A9, F,FMAL L, K, 2 &
HARFOAHAR S RAREEARMNZARK . Fik
E5RE BB BE.

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn



