5 x4 x
XXXXE'EXH

BT 5 B R ¥

Journal of Electronics & Information Technology

W EhEE B FRFERLFo-GLMBERER B A 5T

s 2 owY  E2Er? o3 X0 zxe®
Vz®EIsRE B®% TI0051)
Q@A F R FRHIER AL 230037)

O (94654388 @ 210023)

7 OE: AR EN A T S HIENHE B ARIRER b, SR T — M TR B RSB IN SRS SR
2 2% F (Interactive Multiple Model Gamma Box Particle §- Generalized Labeled Multi-Bernoulli, IMM-
GBP-6-GLMB)5H3%. £ T A0 R AR ZE A [A) 73 A 38, DAIX A3 35 AN B 2 ROl SRRt S AN
PEANY RORZS M@ 3R s 8T ot LR eR HORD 5 NAE B AR 43 3 3 9 o) 3 H AR R AR AN iz B A 11
ERERRETT, 4RTF T EIEMEREREIE . 5, ORI REERHES T HEENS-GLMBER . iHa REY, i
FREVE VAR 5% A R ERKE FEARHY . 3RAF T 3. 85 AU M FE T s X3/ H AR AT H AR 107 2 BRI () B

Vol. xNo. x

Jun. xxxx

A BASEI96%,  XTHE H AR SR G I B AT B IO (R R 1, TR SR BT B A SE A L
KR BEHAR: )2 AEA; R TUER SN, i i I R

hESES: TNI53
DOI: 10.11999/JEIT251273

1 38

¥ AR SRS B B AR s AL, Bl
PBOBE LLECE R, W R TER R R B AR B ARl
SCHER[2)0 B H AR ERER BORBEAT I, RGNl 1 i
ERRE H AR IR BRI M BOR B R B L. R A AR
HHn KB, ZRBURER S G 2 B ARERER T I,
AR A L H bR g S R SRR IE I A . T
HHEE NS R HFECMBERSE . TR
££(Random Finite Set, RFS)HEZL[¥ £ H bR FRER 77
0 MEERAR B EEUE B AR, GLMBIUE S 4
55, BN Z HARRPRESHAT B sk i fhivt, wT
B AR KL H ) H AR ERER R R, 6-GLMBAE
NGLMBIT R — ML seBl, 22 H AR ERER U
IR TR R

FERLFJEP (Box Particle Filter, BPF) /7% LA
DX 8] A B0 4 KL 7 8 A% G2 i RL 7 R H AR R R
JZ, FEALFR AN 2 1k e R, B S R B
PEASE m T RCR T SCIR Q)R T — ML TR
KL U8 2 BARIRER T, (HBA X B ARz
frfhivhe SCHROJ4R H— Rt TRFSIIBPEFJ ik, 5K
LT ZARIRERAE AR LA B 2 A 0 22 H AR A e
FRER . SCERIY BE9T T AT BPE RIS RE H bR R ]
A, AHRTE 8 HARHLEE s R . SCHR[11]42
ST BPFIZ AR 2SN, HEER=
X HARSME R, HAR A FERA bR, 538
BHRL T 5B Z A ANRE—— XS L,

PR H: 20263 EEIHT: 2026-05-29; RIZEHAR: 2026-06-10

SCERFRIRAD: A

XEHS: 1009-5896(2026)00-0001-10
CSTR: 32379.14.JEIT251273

AR —FHIMM-GBP-6-GLMB#%, FI A
X 18] 44, 1 48 0L T~ $ R B H B AR 0 43 A7 A R
A, BI T ESE, E SRR R O i R Ak
TE JUART AR PR ) 20 8, 2 T 7 097 FR R 3 1 SR G
FE s J XA R IE BIR S 518 B B A R R A Al
i, R’T T HLEEE B RS SR B IR R T
2 1REGEY
2.1 BULHRESHT RIRESESY
B A H AR EE 2y IR M Gammadp Afi, - BT
RE RS A, §7 IR X IR Wishart
oA, MREHFRIREE = (v, 2, X) RN & 780
B 2 (Gamma Gaussian Inverse Wishart,
GGIW) 7 Ail, & X
[z] = [z,2] ={z e R,z <z < I} (1)
N—ANXAARE . (o) VEEEER B, BRI
A Mz — A AEEE TR, ofEXE [z, 2] EIR
MIIE 3 A o HFRBTOIRES B s s AR B A ik
[zx] = [f] ([#k-1], [wr—1]) (2)
i, (@] = [21] X [22] - x [wg] J9d 4 ) B X 18]
WRTR s wy, 27 I A a7 20 A1 0 2o e s v
TARE N HARZEI 2 O ARMEIRES AL R 2
[FIRRE S REL W2 S ([ee]) € [f] ([k]) -
B H AR Y RS A B m] s A
Xk = fo (Xp—1, A, wp 1) (3)
L, Xy € ST, Nd x d4ERIXFRIEE R fx N


http://radars.ie.ac.cn/CN/10.11999/JEIT251273
https://cstr.cn/32379.14.JEIT251273

2 G

o

=]

2 % FxE

PG IPIREF R R AL ANEE AR RS 1
TEARFERE; we , N ARG R FEME 75 7). 7ERE
Hbris s iR s i AN KR FF A AR B 15 DL F
A HAn R E L IEs), WA — D RAERE, &
Hbs i 2 S izsh, AN — D ke,
E[Xy] = AxE[X,_1] x AT .
2.2 BB

ST ARZ MR Oy

zi = hi (zk, vi) 4)

FR IR T5 229 Ry, B e ST B R 7

FERL T B8 BT A TR AL i A AL S i
T, R 3o HE N v M X TR K AN, By, (@, vp) 8
FAS AL TR B (0 8] (5 S AR AR AP E R A
RZENT), XTI AR AT s

[z1] = [hi(zr, vi) — ;Aahk(mky'uk) + ;A} (5)

A =30, o, NENME R REZE R &,
2.3 MARRH

R EAR IR . LIRS § AR
HST, R ZIEE B AR S0 AR B A R on A

P& | z) =p(w | z6)p(2k | 20) p (Xi | 2)  (6)

X, p Oy | 2ze) TR B EL 2R A0 ME 28 25 B 1R 30,
M GammaZd s p (x| zx) FmBOARES IR
FEERE, WMANEH DA p (X | z0) BT AR
IR B R E, RN B R A0 AR
CIE:!

p (=01 7], [0 o (1 1)
p (11 [x0]) (")
Rl (X = [f] (o, X0) A& I RARE W

X, TR, B (a)FiRs bR Rk T
%5 o B O RS D fBA AR bR BT R )

ol ] - P

[hcp) ([w,(g')]»[zk] ; [vk]) xR & [z :hk([xl(j)]’

(8)

£ o W]
e o o
X ° ?/V(mo .
o0 o o
°
°
(a) (b)

B 1 RS RN e X AR R

fon]) 05 1 ]
HE X 8] K/NFIFRFR)

—ANEEHbREE A A Z AR, E R
3 TR 22 AN R 2 T B ) 43 3 R —
T, VR AR OB RS, TR
it s, BEwen = " R o
XIS B IG, MM R R AR
| M| ZRamM A5 AETE TN

¥R AR b8 B mT 2 o)
[Pk e 2] 0 w0

W] ?

Do 4 () I (4) WO R, 2 Bl 2 1 7
ELAAD A ity B A A bR FE o [TV160] Ay 5 0 7 4
WD HR BR8] 0 A X R R s, Wi 1(b)

|[]1 37 3R X1 i) & F) RS (%

p [z [ [Xk]) =

i, B, <7 Ronsill.
i _w ) (i,0)

[W< ,z)} — Uwon] (z,ZV v zZW l) (10)
1 i

2 = Wi S o2y (11)

z;ci)EW
. . T

zt = 3 (A2 (2 - =) (12)
z(i)GW
k

[fiw e ] R W G0 X T A 255 ) R 4
BE— PG BIF EARAS BLAR s B I AR R

p([wer]1xa)
P (280)] 0 ]|

= Hz,(j)ew(””l) ’ [W(z‘,l)] ‘

XA3)F, FSHBREKI T RN TESY
WERHRZ KR, 5 FINEZ AR
Jok, BMEM HARSIZ RN A IT R A SRR, 35 E
BB, WY ARSI OUR R BB FFxTX
R, AT B R T RS AR R il ik

p([WE]1X4) = p (S 1S3 p (ewen lex) (14)

J—it EP ’ p(Sw(i,l) | SX) *ﬂp (90w(71,l) | SOX) ﬁ\%ﬂi%/%%
M EATTAT H ARy R RS AE RT A A B B ALLAR B

p (Sw(i,l) |SX) =

(13)

min (rw,,x,) . min (rw,, rx, ) (
max (rw,,7x,) max (rw,,7x,)

P (pwan | px) = Aexp (—2 sin (W)/f)

(16)
X, rw, Mg, 7305 W GO X, Fir 2 7s AH E F)

15)



Fx

HAARESE: FLEhHE HARFE KL T 6-GLMBEREZ VAW /T 3

Kbl rw, Mk, 20900275 W 6D FLX T2 B
AR Al o ovyan T ox 75 9 1 [ 5 X 1 5 A7

ANREREL s D RERE, AWHERN =2,
s=mw/4. mEUWHKLZ, HNIE, REAIFR

RISCHR LA KT RS AR I 70 A A D155 &
ik, EwWED N RN AT LR — B
EIRBRY AN R ANTT ], B AR e o —
BB RA A 0 AR HE R 2

H L TT A F AR B 0 AL e I R T (P

() o ()
2 (W] =] [x7))
(17)
3 HUNSEH
3.1 BAREMREVTUNFE AR
182 e B 00 B 60 5 B0 M 5 5 1 M 6
GLMBS A5, H4)9¢H) F it — 4L L
Tl [ gem, N a0
FR AR T A

N(£)
=~ Z w(Z’Z)U[g(l,i)] (5) (18)
=1

Uleceo) (€) T[] 1 38751 3 1 10 0 5 3 i

BRHG = (01. ) RN S BTG Z1 224

RIS 200 () SRR B 12 1) 0 3 s Ao 55 0 116) SR TG
WLs

3.1.1 FUNE R E

N RIL, B TER “k7 , HHA R “+7

FoRn T i %, B HFrGammaii ki 75-GLMBIJE

T A T R ] Ros N
T (Xy) = A(AL) >

(I4,5)eF(Ly)xE

w9 (L (X))

or ) [ 0] (19)
A
wi (L) = w9 (L NL)ws (Ly NBy)  (20)
+ (§+7€+) =1L (f)pég) (Er b))+ (1 —=11(0))
pB (£+7€+) (21)
Sde
(€+,£+) (g)( ) (22)

i (00 = [ [ aag, (23)

wéj,c) (J) = [nég)} J Z 1 () [qéc)}I—Jw(I,g) (J) (24)

ICL
W0 = [ as (6.0 (€0 (25)
uunzﬁ’giﬁ (26)
S = ps (€,0) [ (E416,0) ) (£,0)

N(44)
~ps (60164160 Y0 w0y, (€) (27)

=1
N(0)

/Sd{z Zwé&i) ( (“)\Z)
i=1

. U[f]([m(e,i)],[x([.,i)]7[w(1¢,i)]’[w((zé,q,)]) (CL'+, X+)

(25)
0= [ 3 ()
U (fwee o] fx 0] 0] [l
(g, Xy) ey (29)
o - _pE0u .

Z Ps (57 6) w(f 2

A3 FARRHT AR H AR R B 0] 23 3 R om A

N(ey)

V(€ ty) = Z wi U [ggiir )} 9 (31)
Nr(£4)

BEnt) = 3w )lf[ o) & @)

%ﬁﬁémﬁ%%iawﬁrew%mﬁﬁ;
wp BRBER T IORUE: Ne AEAEAE BRI
FrE. X ={(&0),},i=1,2,3, -, |XNZEAX x L
BN IREE . = — BB A, FoRETE A
SRR $, ¢ e =. [f] () Fm B HARR
AR A R FRAR 25 1 X PRV AL S8 AL R 8. a0 R
Oy BIZER L RAS T AR A it AR s, )

PAFTERLTAE T — I ZIAPIRAS s N (00) R Tl i
FERLTHCH

3.1.2 EIMIEREE

B Uy, (Z4) = WD RIR R R0, MR H
PRAHRIBC I BN B TT . 7R IR I AR 261 T
FRANTE AR R B DI UR R 0



4 e

2 % HxE

Vu(zy)) Exsl4304)

N(£4)
poents) Y WG ([Upey) (Z4)] 64, 641)
=1
— [k]ue(er)(ZJr) J
0(ly) >0
qD (§+7£+) )
(33)
WD =1 (O w™ +1g, (0w (34)

KA, pp (&0 NBARRNER; ¢p (€£,0) =1 —pp
(&, 0)FRINIRRINER s kRN A0 P R AL
FH DU 4 20

T(€4) Yz, (Z41&4)
/W(§)¢z+ (Z4]€)d¢
K (19) M (33)AAN(35), 135 EHE H bz
)5 B0 AR 2 %5 R
P (& U (2,))
_ P (&, 04) Yz, (4,443 0)
Meicz.y (0+)

T (§+]Z4) =

(35)

(36)

'7552) (€+) :/p(c) (€ 04) Yz, ) (€4 045 0) dEs

oo (1) 060 B2

N [k]ue(‘+) (Z+) (37)

N(£y)
p (RO € [ty #0]) _ Z+ ()
=1

(Nm (£4),iUg(q, ) (Z+))

Mty
(RO )i [tage (2]
Ny zx
(38)
(i W)Y (g
£ (ofp ) (5)
e = v ” (39)
+ - . . ag/n”i’w)
F(ag_m,z))( ‘(/'[r;L,z,W)) |W|'
(m,i,[W])
+,x,X
HEZV(“)} A [Xgrm,i)} min (T“,(i,L),rX(m.i)>
~ a a+
‘ [ws_m’z)} max (erii,L),TX(vi,i)>
. ( oein2 ‘WW(‘JQ)_“’X‘
min ’I“W(i,l),’I"X(m,i))
: e I S €10)

max (’I‘W}()i,z) 5 TX}(:Z;J)>

N () BRI RIEWN P 520 ¢ A H AR

FIeskof B ) T 25 5 i &8 51 . 30(39) N Gammady 1
s L, o™ B g Gammady fiy ~ GAM
(v; o, BT ZHL, (0" BE W) yGamma
SAARER SEG 40)d(8). N(14)FH. =
B JE R R BIAUE N

w([.,_,i,@)

() ,75:“)“+>v"’“e<e+>(z+>) ; SN;?("” ooy (24)])

ngw(z*” ooy (20)])

(41)
3.2 IMM-GBP-6-GLMBJE: 28 7500 F0 58 #

Z M8 B Ax 2G0T LR AR A B AR LA FlIE
BN R AR A Bk R S R BHER RS, [FA— HAsA
)32 B R [ 1 5% A% 380 By /R B B R . H
FRPEIZ BN I AR AR M BT AL R AR AL, i T]
BE N 2 AR DL — 58 I e A R R A B IR S 56 75
R B R B HAhE sh A . R R S r € R,
RANFTA B B Heas ], SRS 5RER
FEMER A T kST BB R 5B AR B ARIRES I —i6
45, M EARMIAR SRS ETTRRNY = {(6,7,0}
A R R B RN R

¢ (Exsry |, ) = f(EL1E o, 0) IT (ry|r) (42)
Ko, I (e ) WO B B WAL Y
IO (rifr) =1: f(E|&re, ONIRESIFAT R EE

AX = (&r), M

/h(X) ax=3 /h(f,r) de (43)

reéR
h () RX%T (€, r) RS R KL
3.2.1 T
15 ¥ 224 7 6 %) 22 B R I 6 MR R 3 IR M O-
GLMB/M 5, Wi % B H AR B 7l 2R A
f(B)-a(n) ¥ (e(x))
(I+,5)€F (L4 ) xE
_ N
or, (£(2)) [ 0] (44)
K
w9 (L) = wi™ (Ly NL)ws (Ly NBy)  (45)
P (Exyri ) = 10 (60) S (4,74, 4) + 18, (£4)
'p](;) (§+, T+,€+) (46)
Py (4 by)
Z <pS ('5T7€) [d)] (£+7T+|'7T76) 7p(<) ('ara €)>

__T€ER

s (44)
(47)



5 x 3] HARHEESE: HLEhEE B R T 6- GLMBERER ST 7T 5

pBg) (Eryrysly) = Pl(a) (H»@)PB (Exlre,ty)

Nr(ry b4)
mpp (e ty) Y e

'U[g]gfri)ﬂ} (;7_71‘) (48)

1§ () =3 (ps (10,99 (,7,0)) (49)

A

(50)

J—:QEP U ﬁﬁ%ﬁ*i%’ (€+,T’+,€+)
%%ﬁ/gﬁﬁﬁﬁ}%?ﬁ*g, pB &y, m,m)i%T%ﬁ
A ERIMRER, ps (o, 02 REN(C,r, )1 H
PREJAEIE ML R B, (o] () N e () HI B 5 B
o p$) (ry, 04) TR B A B bR R A R R 8

() = [ 1009 (@) do bt IR
WERAL (ORI B & S A A Hir A

IR M ZAELMB RFS 34717
fs (sp?) © (X) —A (X) A(S) 1o

)
(L) HST (51)
fs(B) = A(B)wg (£ (B)) [ps]® (52)
pid
H(S;6m 0= > 6e(ty)ps(&r0)[4]

(64,m+,L4)ES
(&gl ) + [1 =135 (0)]
" gs (67 T, é) (53)

TN BE e R k% v Rom
f(ayaﬁ(f):ﬁ(xmxanL)
-ﬁ%i—XxRx@ (54)

L X=XNXxRxL, Ag=x,nB,, H
2?+=2?srv?B, A

)= [ 1(1%) (%) a
—fB(XB)/ (%) Lea) (£ (%))
By

(I,s €]—'(]L)><H

)

(L ()0 (1(4)) [ 0] "o
=2 (%) 5 (%) v ((2))@81"‘5
2. X W)

(I,6)eF(L)xEJeF(L)

2 () 1 ()0 ]
(55)

A (2) =a(%)A (), HERHT =
i, EESRAAN0, A (44).

B E b T ) (€4, €) B R BT
AR MBI

Hh, ) (r, 0PI (&, ) 5 BIFR B %
AR A PR A2

V(& 0) =p (r,0) p) (€]r, 0) (60)

®1 BESTNGEREENEETERE

BN {1 (4 ]r) ) (&, 0) ps (7, 0) 5 [f] (€4l 4, 0))
1. WAZE
ORAFAL T [ TR ML 2 % 1

o) () = 30 I () ) (r,0) (56)
BT 2% PR B e
p$) (el 0) = 11 (r 7)) (r,0) /0§ (4, 0) (57)
GRAMNT
P (olrs, 0) = S p© (€lr, 0 P (ry I, ) (58)
2. PP T e

<pS ('7 Ty f) [f] (&-‘r": T'+,Z) 7p(q) ('|7'+7£)>

(C) (E+a T+, Z+) =

~ oy (M)Pég) (ry,e4)

(ps (-7, €) P (|74, €))
=60 (L0)p$) (e 04 p§) (Exlry, 04)

N(rg,t4)

wéwur Ly ,i) U

T4

{é%ﬂ } (&lr)

Wt BEOHE RO L) (€4, 00), BFIpL) (€4, 00




6 BT 5 fF B % M HxE

WS IR TR, R(59) 5 R (4T) M
3.2.2 EIf
IMM-GBP-5-GLMBE % #% 1 J5 I ME 2R % B ] R A

|%[+1

()20 T TSl @) @) ] o

(I<)EF(L)XE i=1 U(Z)ePi(Z)
beoW(2))
A
L
‘ w9 (L) |nisid)
wl(/fI(’;)e) (L) = IX|+1 [ [M(Z)]] J (62)
oYX > X W]
(I)EF(L)XE JC i=1 U(Z)ePi(Z)
96U (Z))
N(r,0)
() Y WG (U (2)]] 1)
"/’[Z/I(Z)] ('§ 9) = =1 7 .0 (f) >0 (63)
GRS
1—pp(), 0(0)=0
) (&,r, 0 7, 4;0
pN (& Uy o) (2)) = rern )(:i))u(z()l})(5 e AR
Mu(zy vV al(z.1%
(64) ﬁ(??Jr\ZJr): 7‘( +)9( +\~+ : (68)
77%137(62)] (6) = Z <p(§) ('a T, e) 711)[M(Z)] ('7T, ga 0)> /ﬁ ( ) g (ZJrlX) X
reR ~
(65) ™ <X+) 9(Z+]X4)
po (§,7,0) R R N HE H b5 108 0 =, N L(%y)[+1
Buaczy) (€7, 0;0) 9 2 BE B AR LA B8 55 - m/ﬂsz =a(X)ge(z0) X )

SRZ R RREWNGEEEMTAAELR, |
z=[rd], H*TID”i'UHt?é?@éTuE%HJEfWE@,

(I4:9)eF(Ly)

S (5 ((5)

. . Uz Pi(Z
@ = 23859 9] o A A
WEEA3: L(Xy) X
e — . G 0 (. -
XT B R BL, SARTFANRE S itz O] PN ez ] (6)

], ARTREES, FOA)BRANFTELRT /ﬁ(x*
£, F,(A)FRARFAEBEA TR TE, W -
ELRYRES  F (A x L) — RH

A=Y [ F8) ()
=0

)g(Z+|X+)dX+

=gc(Z4) Z Z Z Z

(I4,)eF(Ly)xELi€Ly =1 U(Z)ePi(Zy)

0e0(U(Z4))
Ly
d(Ay, -, A;) (66) w9 (L) or, (Ly) [’7%;(0%”] (5)} (70)
% 1% H ARBPT [ AR 58 5501 A 2 25 125 o Sl
A RN Y | %4 +1

. f(%izs)=a(X) Y >

g (Z|1X) =go ( Z Z [Yaczy (5 9)]X

i=1 U(Z)eP;(Z)
0O (U(2))

(67)
A, g (K) = e BDEE, |y ik X 8] 5 2]
F 5 52 B £

>y (L(X)) o
U(Z)EP:(Z4)
0e0U(Z4))

(L (E)) [ cuzo] T



HMRHESE: HLENHE H bR AR T 0-GLMBER ER VAT IT 7

Fx
3 (61) AL
4 EXH

TETE AT EAE B AR SIS, B k718
th, TEPATEREDE. LGR T80T iE 218
TR S ) VDR B BN, A FRUE
BT IR AL R R TR A T e A R AR
1S DARRINEZY =21 P i< 1YAw a1 58/ o R v s L SN el I
N IR DX 1] A P 7 i A (] £ (DX T A0 B 7 oo A [XC
Vi) 55 FEE EH M P ) I FR PR o 22 R ), 38 S R e Bl AL
TR 53 I iEVOFIE KX (81 K1) 43 J7 v g AT FE R
HRAE, W = BUE AR R R U8 SRR BRI 53
FANIFEE . AR SCRABOR X BRI 73777, s
T BRI B IRE, 8 2 FE DX Ta) ] KBS B Iy
WUHAT RN 5, BT EA AR T BN . RAFF
&, MR HIAUENL/Np
5 {AEXE

RBE3ANBE HARRIE R RS 4 B A 2l =
[750 m; —45 m/s; —230 m; 12 m/s], @' =[-300 m;
40 m/s; —400 m; 40 m/s], @' =[-500 m; 35 m;
500 m; 20 m/s] « K%, H5iNEEF BRI TR A
X = rotydiag ([ai,bi)”) rot], rot, JoHeErHRE,
F A T Al 5 AR AR SR TR SE 5 g, b 2 I R R
JE& AR 15 ) A S Bl RO R 2 Bl (a0, b1) = (20,5)m,
(az,bo) = (16,4)m, (as,bs) = (10,5)m; =M ZH
Gy =20, v =10, 4P =10, HEFHLE
I 208 o = {1, 5,15} s» T8 T 2 N tgeann = {50,
45,60} s, FAEAIE20 7R

KIS B & iz sh BB FI 24 &) i 3
18 BB BEAT PR IER, %% B Y ) B I R R S R
Ow = {1 m/s2, 10 m/SQ, 10 m/s2} , ox:={1m,3m,
3 m, ox,=1{0.01,0.05,0.05} x /180 rad , CT X
) 3 B A B N £0.5 rad /s, AR AT N
Je& IR 25 B I 1] A2 Ak ) BORE B2 40 0 9 = 8,5,5, il

800

600

400 =
s 200 Group 3
g 0
=200

~400 Group 2 s\\s \
P ; Group 1
600 MW

800 s
-1 000
-1500-1 000 -500 0 500 1000

X (m)
K 2 HirrsSazshig

T 43 A T R 48 B DR T 93 0 = 5,6,6. &
W5 5 )y %9 R = ding ([o7,00)%) , 0, = 25m,
o9 = 0.1 x ©/180rad. ZMAFIXIHA[—2 000 1 000] mx
[—~1 000 1 500] m . #BH)4EME =245 1 0.5, 0.25,

0.9 0.05 0.05
0.25, HFEMERMEFEL = | 0.050.90.05 |,
0.05 0.05 0.9

RAEAT B Z], A GGIW A =14 H
YIN3, HALE NESIHEE PRIV E, B4
HN0.03. B H AR N0.99, AN
0.95. AT ¥iESREBIRESIVIGE T T 28N
Py = diag ([100%45%] ), TW (Xo; vo, Vo) 73 A1 W 4R
Z N vy = 10, Vp = diag ([11]) « GAM (70; ao, fo)
A IVITE S N oo = 10,80 = 1. 2= IR MIS1E
A = LOMRIVARA 20 A o IR 7 v 22 0.1, KA
EIEPSIES

I TP B SRR I8 7 IR ORI i B AR
IMM-SMC-3-GLMB, 115 f2 4 KA k740 B
N1500, ASCEFEICAEIMM-GBP-6-GLMB, itH#
SRR APCRAE A R EOE 15, XTRIEETE0K 5
R R P &, B 2MERET i I3~ B TR R .

MEB~E6rTLAE i, PiFhEEE R X HLS)
ZHARRRE. PRRES. BENLELLH
g H AT R, HE T BPF AR T
AR R — XGRSO iR 22

60

—— IMM-SMC-delta-GLMB

20 —— IMM-GBP-delta-GLMB

40

30

OSPA® dist (m)

Time (s)

3 BLLOSPAPE

150
—— IMM-SMC-delta-GLMB

—— IMM-GBP-delta-GLMB
100 d

50

OSPA® dist (m)

0 10 20 30 40 50 60
Time (s)

Kl 4 7 ARBOSPAREE



8 R

2 % FxE

A, PHIMM-SMC-5-GLMBJ5 i IR i e T
IMM-GBP-5-GLMB /7 i%: FiLOSPA@E 7 7
N6.2mA16.8m, TEAEM28.8%; =MILLFOSPA®
A2, 73mM2.98m, TEREAH 28.4%. KEI3-Kl5.
K7, fE%55s. 15s. 45s. 50s K4 T IREE e
oI R AR, IX 2 RN BRI B AR S R A T AR
th, BOHIEZ, )R A BR r A 2 R R it o ) 84
BH WA . WNETHATLUE H, IMM-GBP-
§-GLMBJ7 ¥ 1 v 5 i 18] B 2 2> T IMM-SM C-6-
GLMBJ5i%, ~FIiaiTh AN H20.8%, B Rt
&7 3.8%%, XM TIMM-GBP-6-GLMBJ5 2 ]
AR T RR— X EYER, SRR D AR
A REIR L Hh IR H AR IMER 55 B o0 A, AT 98D B

35
—— IMM-SMC-delta-GLMB
30 1 IMM-GBP-delta-GLMB
& 25
2
5 20
g 15
[aW
wn
S
0 10 20 30 40 50 60
Time (s)
5 &l LR OSPAPFE
4.0
35
3.0
>
£ 25
<
£ 20
i
< 1.5
O
1.0 —True resstgerey
05 | —IMM-SMC-delta-GLMB
—— IMM-GBP-delta-GLMB
0 10 20 30 40 50 60
Time (s)
6 HAnEH {1
=
()
£
s
S
4=
3
"
=

0 10 20 30 40 50 60
Time (s)
—— IMM-SMC-delta-GLMB
—— IMM-GBP-delta-GLMB

B 7 5L AT TA]

EVHE R R G AT LR B, X34 H AR Al
2 EARMIER BRI 5, AT R B I 2331 281099 sl
3.74 s, IMM-SMC-8-GLMBJ5¥2: FH i 43 51 4.65 s
F118.08 s, FHHS 431 2. 785 F12.896% , FEHT 1
Kl N IR FER96%, Bt B br% B 18 0
) B ) 2 M M AR T IR ARV . I B4 R AT
IMM-GBP-6-GLMBJ5 7% AR i T IMM-SM C-§-
GLMB VLR EREFE (8. 5% /24 ), FR1G T A4
fhTHE R IR BB AR, 7R SER M ER R
(SR S B B

6 ZEig

AL ARG e B 2 A T 2 L0 EE H bR ER
FEE, 24 T IMM-GBP-6-GLMB& ¥, ilfiids-
GLMBSEIUA AR ENEH 1) 2 B HARERER, I FH R
F UG T VE S BN 52 0 5 e ) AE 28 1 1 A
B, JRiE Sy RS R R, X B AR RR
ST E R AL U 5INIMM B IER g T BEXT
HARHLBIMERERRE /1, K2 TGN H Frig IR
A, dERHLR B TS AR R IS RS R B
FEHE X H AR H AR & #E P 5 TMM-SMC-6-
GLMB#HY, TEFTSiE ST, B8 5% L
M REARAN TR 3. 8 R S e SR =, H AR
1 A2 ME

2 % xu

[1] XIONG Chao, HU Moufa, LU Huanzhang, et al. Distributed
multi-sensor fusion for multi-group/extended target tracking
with different limited fields of view[J]. Applied Sciences,
2024, 14(21): 9627. doi: 10.3390/app14219627.

2] HREE, R XU, 25 B HARRE R GA )], EEk
i, 2020, 46(3): 411-426. doi: 10.16383/j.aas.c180052.

GAN Linhai, WANG Gang, LIU Jinmang, et al. An
overview of group target tracking[J]. Acta Automatica
Sinica, 2020, 46(3): 411-426. doi: 10.16383 /j.aas.c180052.

[3] CHEN lJian, HE Jiacheng, WANG Gang, et al. A maritime
multitarget tracking method with non-Gaussian
measurement noises based on joint probabilistic data
association[J]. IEEE Transactions on Instrumentation and
Measurement, 2025, 74: 9002812. doi: 10.1109/TIM.2025.
3551023.

[4] GUO Wen, JIN Yuelong, SHAN Bin, et al. Multi-cue multi-
hypothesis tracking with re-identification for multi-object
tracking[J]. Multimedia Systems, 2022, 28(3): 925-937. doi:
10.1007/s00530-022-00895-w.

(5]  FEE, W%, a2 HAREER RS 2 minR A MR
B BEIE W A (J]. BT 5 R, 2024, 46(11):
4295-4304. doi: 10.11999/JEIT240201.


https://doi.org/10.3390/app14219627
https://doi.org/10.16383/j.aas.c180052
https://doi.org/10.16383/j.aas.c180052
https://doi.org/10.1109/TIM.2025.3551023
https://doi.org/10.1109/TIM.2025.3551023
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.1007/s00530-022-00895-w
https://doi.org/10.11999/JEIT240201

Fx

HMRHESE: HLENHE H bR AR T 0-GLMBER ER VAT IT 9

(6]

[7]

(8]

(9]

(10]

(11]

(12]

XUE Yu and FENG Xi’an. Joint multi-Gaussian mixture
probability hypothesis density filter for bearings-only multi-
target tracking[J]. Journal of Electronics & Information
Technology, 2024, 46(11): 4295-4304. doi: 10.11999/
JEIT240201.

ZHAO Jun, GUI Renzhou, and DONG Xudong. Generalized
labeled multi-Bernoulli filter-based passive localization and
tracking of radiation sources carried by unmanned aerial
vehicles[J]. Drones, 2024, 8(3): 96. doi: 10.3390/
drones8030096.

ET, B, A BN E VA T ROAERL TR H bR
BREFTTVED]. BT 515 B4, 2024, 46(9): 3654-3661. doi:
10.11999/JEIT231439.

WANG Ning, DUAN Rui, and ZHOU Xiaoyi. A target
tracking method based on box-particle filter under
measurement uncertainty[J]. Journal of Electronics &
Information Technology, 2024, 46(9): 3654-3661. doi: 10.
11999/JEIT231439.

ZOU Zhibin, SONG Liping, and SONG Zhilong. Labeled
box-particle PHD filter for multi-target tracking[C]. 2017
3rd IEEE International Conference on Computer and
Communications (ICCC), Chengdu, China, 2017:
1725-1730. doi: 10.1109/CompComm.2017.8322835.

TRAKAL, 2R, RO, A IR AR T LMBUE B
WR[T). P E PR RS, 2024, 51(4): 51-66. doi: 10.
19665 /j.issn11001-2400.20240104.

ZHANG Yongquan, LI Zhibin, ZHANG Wenbo, et al.
Multi-source sensor box particle LMB filtering algorithm[J].
Journal of Xidian University, 2024, 51(4): 51-66. doi: 10.
19665 /j.issn11001-2400.20240104.

DE FREITAS A, MIHAYLOVA L, GNING A, et al. A box
particle filter method for tracking multiple extended
objects[J]. IEEE Transactions on Aerospace and Electronic
Systems, 2019, 55(4): 1640-1655. doi: 10.1109/TAES.2018.
2874147.

LI Miao, LIN Zaiping, AN Wei, et al. Box-particle labeled
multi-Bernoulli filter for multiple extended target
tracking[J]. Radioengineering, 2016, 25(3): 527-535. doi: 10.
13164 /re.2016.0527.

JIAO Qingin and YANG Xiaojun. Distributed variational
measurement update for extended target tracking with

random matrix[J]. IEEE Transactions on Aerospace and

[13]

[14]

[15]

[16]

[17]

[18]

[19]

HAk
+ N

ZEIL:

)

X

Electronic Systems, 2024, 60(4): 3792-3806. doi: 10.1109/
TAES.2024.3368405.

ZHANG Cuihua and YANG Guanghong. Event-based
remote state estimation for nonlinear systems: A box
particle filtering method[J]. IEFE Transactions on
Cybernetics, 2024, 54(4): 2472-2482. doi: 10.1109/TCYB.
2022.3218330.

ZHANG Yongquan, JI Hongbing, and HU Qi. A box-
particle implementation of standard PHD filter for extended
target tracking[J]. Information Fusion, 2017, 34: 55-69. doi:
10.1016/j.inffus.2016.06.007.

XIE Xingxiang, ZHAO Xiongwei, SONG Zhumei, et al.
Posterior Cramér—Rao lower bounds for extended target
tracking with PMBM conjugate recursion[J]. Electronics
Letters, 2024, 60(18): €70041. doi: 10.1049/¢l12.70041.
ZHANG Yongquan, JI Hongbing, GAO Xinbo, et al. An
ellipse extended target CBMeMBer filter using gamma and
box-particle implementation[J]. Signal Processing, 2018,
149: 88-102. doi: 10.1016/j.sigpro.2018.03.002.

VO B T and VO B N. Labeled random finite sets and
multi-object conjugate priors[J]. IEEE Transactions on
Signal Processing, 2013, 61(13): 3460-3475. doi: 10.1109/
TSP.2013.2259822.

BEARD M, VO B T, and VO B N. Bayesian multi-target
tracking with merged measurements using labelled random
finite sets[J]. IEEE Transactions on Signal Processing,
2015, 63(6): 1433-1447. doi: 10.1109/TSP.2015.2393843.
ZHANG Yongquan, JI Hongbing, and HU Qi. A fast ellipse
extended target PHD filter using box-particle
implementation[J].
Processing, 2018, 99: 57-72. doi: 10.1016/j.ymssp.2017.05.
044.

Mechanical Systems and Signal

B, W, TR, BEYCOT DY BARERER . TR
Fy R, WS, BIAUTRANSHMG. TREER
B, BIEER, BRI, BRICT OIS AL, A
I EERAREL . WAL

H

3 5, BIEER, BRI, BTSRRI
e B, ik, TR, BFSCTT O E TR

T TR

Box Particle Filter §-GLMB Algorithm for Multiple Maneuvering
Group Targets Tracking

GAN Linhai®®
SUN Wen®

WANG Gang®

LI Zhihui®

WANG Baotang®


https://doi.org/10.11999/JEIT240201
https://doi.org/10.11999/JEIT240201
https://doi.org/10.3390/drones8030096
https://doi.org/10.3390/drones8030096
https://doi.org/10.11999/JEIT231439
https://doi.org/10.11999/JEIT231439
https://doi.org/10.11999/JEIT231439
https://doi.org/10.1109/CompComm.2017.8322835
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.19665/j.issn1001-2400.20240104
https://doi.org/10.1109/TAES.2018.2874147
https://doi.org/10.1109/TAES.2018.2874147
https://doi.org/10.13164/re.2016.0527
https://doi.org/10.13164/re.2016.0527
https://doi.org/10.1109/TAES.2024.3368405
https://doi.org/10.1109/TAES.2024.3368405
https://doi.org/10.1109/TCYB.2022.3218330
https://doi.org/10.1109/TCYB.2022.3218330
https://doi.org/10.1016/j.inffus.2016.06.007
https://doi.org/10.1049/ell2.70041
https://doi.org/10.1016/j.sigpro.2018.03.002
https://doi.org/10.1109/TSP.2013.2259822
https://doi.org/10.1109/TSP.2013.2259822
https://doi.org/10.1109/TSP.2015.2393843
https://doi.org/10.1016/j.ymssp.2017.05.044
https://doi.org/10.1016/j.ymssp.2017.05.044

10

X 4

B 5 fF B ¥ M e
®(Air Defense and Antimissile School, Air Force Engineering University, Xi’an, 710051, China)
®(College of Electronic Engineering, National University of Defense Technology, Hefei 230037, China)

®( Unit 94654 of PLA, NAN Jing 210023, China)

Abstract:

Objective Targets that move in a coordinated manner or have similar motion patterns and exhibit certain
collective motion characteristics are often referred to as group targets. Dense group targets, characterized by a
large number of closely spaced individuals, suffer from poor measurement resolvability, severe measurement
overlap, and frequent target disappearance and reappearance, making it difficult to establish stable tracks for
individual targets within the group. Therefore, such groups are typically treated as a whole to jointly estimate
the kinematic state of their centroid and their extended shape. To enhance the tracking accuracy and
computational efficiency for multiple maneuvering group targets under nonlinear measurements, an interacting
multiple model group box-particle §-generalized labeled multi-Bernoulli (IMM-GBP-§-GLMB) algorithm is
proposed. The tracking efficiency under nonlinear measurements is improved through the box particle filter
(BPF) method. By improving the likelihood function of the GPB algorithm and introducing the IMM
algorithm, the tracking capability for the extended shape and the centroid kinematic state of group targets is
respectively enhanced, and the tracking accuracy of the algorithm is improved. Finally, by integrating with the
GLMB filter, the tracking of multiple maneuvering group targets with unknown number is achieved.

Methods To address the limitation of existing algorithms, which primarily capture the area-based overlap
relationship between the predicted extended state of group targets and the measurement distribution while
neglecting shape similarity, the likelihood function of the BPF is modified. The improved algorithm achieves
higher prediction accuracy by incorporating geometric parameters — such as the semi-major axis, semi-minor
axis, and inclination angle — into the likelihood function, thereby enhancing the modeling of similarity between
the predicted extended state and the measurement distribution. This is particularly beneficial in scenarios
involving maneuvering group targets, where the inclination angle of the extended shape changes frequently as
the group maneuvers. Based on modeling group motion with the IMM, a model index is appended to the
kinematic state of each box particle’s centroid. By jointly estimating the model index and the centroid
kinematic state in each iteration of the algorithm, we realize tracking of the mode transitions of individual box
particles, which further improves tracking accuracy. Finally, we embed the improved IMM-GBP filter into the
labeled random finite set framework and derive the IMM-GBP-§-GLMB algorithm, which enables effective
tracking of multiple maneuvering group targets.

Results and Discussions Simulation experiments are conducted to compare the proposed algorithm (IMM-
GBP-6-GLMB) with the IMM sequential Monte Carlo -GLMB (IMM-SMC-§-GLMB) filter. While comparable
estimation accuracy in terms of centroid state, extended state, measurement rate, and target number for
multiple group targets is maintained, emphasis is placed on computational efficiency. In the given simulation
scenario, the proposed algorithm achieves a 3.8-fold improvement in timeliness, at the cost of a loss of about
8.5% in tracking accuracy. For the scenarios with two and three group targets, the average tracking time
growth rate of the proposed algorithm is 96% of that of the IMM-SMC-§-GLMB filter, showing good temporal
robustness to increasing group target numbers. Hence, the proposed algorithm has strong practical value.
Conclusions This paper addresses the tracking problem of multiple maneuvering group targets under nonlinear
measurement conditions by proposing the IMM-GBP-3-GLMB algorithm. The main contributions are as
follows: (1) By improving the likelihood function of the BPF, we enhance the algorithm's ability to measure the
similarity between the target's extended shape and the measurement distribution, which in turn improves the
tracking accuracy of the group target state. (2) By labeling the motion model for each box particle, we track
the transition of the target's motion state during the filtering process. This allows the filter to achieve higher
tracking accuracy with fewer box particles, thereby improving computational efficiency. (3) Integrating the
IMM-GBP method into the §~-GLMB framework yields the final IMM-GBP-6-GLMB filter and realizes effective
tracking of multiple maneuvering group targets.

Key words: Group target; Generalized labeled multi-Bernoulli; Box particle filter; Interacting multiple model;
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