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Improving Tracking of Splitting Group Targets Using the Main
Target Density in the PMBM Filter

Iman Mirsadraei, Seyed Mohammad-Mahdi Dehghan Bonadaki, Ali
Mohammadi

Abstract: The Poisson Multi-Bernoulli Mixture filter is one of the most efficient filters for group
target tracking. In this filter, target spawning, i.e., the appearance of a new target in the proximity of
an existing one in the surveillance area is modeled as a newborn group target. Using this approach
may result in missed targets or false alarms. In this paper, profiting from useful information provided
by the density of existing group targets, it is possible to predict spawning for all members in the
surveillance area. With modification in the birth model in the Poisson density of the filter based on
the latest state of detected group targets in the Bernoulli part, the spawning detection probability
increases, and the error caused by missed targets is reduced. This approach benefits from the
moderated computational complexity property of this filter, particularly for splitting group/point
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targets, and prevents generating new Bernoulli components for spawned and undetected group targets.
The results of Monte Carlo simulations confirm that the modified Poisson Multi-Bernoulli Mixture
filter can reduce missed targets and false alarms and increase the reliability of tracking.

Keywords: Group Target Tracking, Targets Spawning, PMBM Filter, GGIW density, GOSPA

metric.

SVl 25 JEa 23 D man ol A L e S I
5 O30T 5 RFS Sl estizal L ([0]) ool PHD 2 5 (VY-VF])
LW @bleni LMB 5 (V] Slscs p obder J5n
Sk s e gl obr S5 RFS I eslind
S 02y Slale o= S PPP L (g ledie e Lilal anw 5
GLRFS 1 aslizal b [VA] ol ol jan 5 ols, &5 S2alST L 5 b
S o 5 e 2l 6 315 5y e SB5 Rl OSSN 5
Sl 5 05Ty A D] b 1P 0T mig 55 Sl
¢85 ol o A LS RFS & i s 2l oS4 b I
5 Slalows g2 22 5 2o S50 s O3l o GLRFS gLl
Lol (s Oolal ald cpl 5o Y0 ] ol bl trn 5 33 10
Ll a5 ol 2iS Coldal 5 aml g i3 55 j2eS Coenl 4 a5
A S E ) s e S s Aes (57385 Ollows
[NV ] 558 g0 plamit 05T 5y 23w 53 55 Olaal W5 (g 5ludite riman
OLS RFS w5 5 e cla 2ld »le LPMBM s 5 Sles 4w lis
Slalous oz 2887 5315 (65 3, Shee Ll 5o kb 01 4 o> 0
VY]l @) Calsbes glo g sl 53 Colial by kS 2ol 5
Cladble s il glas oy b oSG Ooltal oS
Sl tass 5l eab) s (il ol (led b RFS ;e o)
Aol 3 s oS IVaal b b Oolal olsy o ses o okdiplonl
Giledde T 25 & Ll Ods K (fgy SropdS
W Jde B 3 15 0T 5 ol ploni P KNI o
by sl s s Ooldal W Jke Y geme [F] Lles § lai 53 Coda
[YW] Lsd o 23 Flaw )3 [aitn 5 oddi 85 oy 5l &) o
L 53 pabae 5 il Do sl g o JEs Ks0be
a5 LB e Ooda g Jlam! ol 5 530 e sl
15 Jols 55 48 ol Jlo 53 ol a5 e b3l S S !
3 Siapss Ol Syl (slas 3 sl 3,5 elaal oS
sl 5 0 Ksolea dyls 1) elisblie ot ¢ sl
J#d\gﬁétﬂ,&m)@.@\Wu_')»&déﬁ)rsg
Ol (5Ldh b 3 LI5S D)o A Je 35 s
b3 5 pais e A Gledde 5 ol S Lz p
Come Slag s Gl Ll iy 35 s B 1) (550p55 Colutal
SN S al s gl eladl jesis Jll Oyl las js Ay

8l Cjb;l:s): a:L&:..,«b)}»j?)’kf 'Cj\i}))\: Sy (Gl

doudo -

I3 BRSSO sl 53 Sl oS 5 g p3 Couda iz b3 5
Sl Soten 6T UK 5 e 5,
@8 s doly O oS Olsiea Sl mlo 53 g 260
s a8 Oldal Lo, Ol e o Cods iz s ) dliews i 53
crokir 5 Sz (gles seme 015 o0 b2 Sl g5 cn) 0o [V 25t
s Y] 48 e 0 8 6K LB 55 1) 03 28 L (slabs s
D55l 3 Glozs Sldgad (38 5 5wl (a8 Doltal
L sl 4 i ol ) S 035 Sbay A e B sy
[P sl ot Coldal oLy 055 53 Gl Slalllas

dive (25 Slaal ls, gdr b e 5 S
phe 3 s s 4 o8 Sl (S5 0p35 b ool 05 S 5l Ll (S palr
codi bl slual sun 5 (SO Sa (Olej dher | Calites (glacalas
pAe D30 33 S slam) i 13 55 1 s ol Wl e
by eslaal Susdlis dul 3 b ko 45 g ks Colan!
Ooda by kbl Couda 558y Cows 51 i b 5 ik ot o808 15
Wb 31 gl by oy o 3 Jlai | ool faiws HalS™ Lol
pte b s [F] b ol ol 05,5 51y s sale &K plonl slatany o
Lhor ooly (bdy 350 el dhwy &S5 1S Glosly Ol ple S,
s lenlsr 6 w8 0L phla s slacas pmen 5 (0]
S gl o) 53 ar g BB e e F] Kps o Uy
Sl mlin 5 3531 ke 4 Sl dly Ll o 25,5 olutal
33T b4 1S LB Sl jlest K15 n Ll 15 ol 53 e 2135

Lo by sl V] SVl ol osls anais (sla 2
[A] (plae (Bolad (Slads gozms 125 5 (2o Gla kb 5 [A] (slans b
J o slize bas s, b oS s Jslitie 5 oddantlid gy am
45 sl g 15 s o0 Dlalin jaed 5 ol Lo obs i
Al 1) s et ey ssdoe 5 b1 a3 S0 s, ol 3l plS
2ol Cpiomen 5 Oldal sl 53 (o sbZus o Jsl S35 90
SV sl Il Los [Ve] Wsls glsy sy Ooldal &S
Lyls s pim Ko dS Sy gloes 55 Oldal S gla g ke 45 o gt
D)2 8 o ST 0lers VL Jlail L ass A

agxlsn Sl ) omlie BUanil RFS & 15 5, 2e (sla ol 5l
338 r L1 (S5 p0 aaz Sl gl 5o e slaesy b

S 55 gl labi Ayl b Bolas (slads gers 95 pme e

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



Yy

PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

Sl (6535 Sl Sl o&CWIPMBMJ:l:éL;}.\)K;,Jy
deglie Jgle g Jke UPMBM s L 0T s 5 ok &yl 255

255

PMBM Js’l:.é}l.iéh)ggs)j}o—f

oTJwéuJ@}PMBM,—.LgﬁVSu Lty s ol oo
b ol 5V 6l RFS w5 s e s ol S LTl 5 o s 25
238 Oldal gbsy ys. Lsh ome Ad pl )3 ol clads sz
a8 Oy b ke 5 plasl sla glyls Slalie 5 lal 40 peoms
o33 g go o35 Ol K 5l LK alimd 55 Colutal 45 sazes lizs
5wl ol jane oG (0T 3 ol glasl 3um) 45 seme !
S Xy ol b ol e 6 35 O 2 Sl
il (V) ey b ilas poae M Juls o8 Cl (S30ad 40 gooms
N

X, :{XL} )

i=1

Cda a gl il e K diad s Oolial slas N of y3 &
J&Q)uﬁjff‘,?fblfgli’;s&)y@d\:—é\iﬁ-«@);

b 5 (V) daly O o

Xy é(?”k’xk’xk) Y

Moy Xy esdn 3l (Blss Slalie &5 Yy byl 4w ol o
Ky 55 iz 5 608 (o i) (S o Slainie
5 S L Gamis b oS 4 S Wil Sua S8 il

g o 5 o San D)l s

S s aphigmesls 0l £y L aSK i 3 Sltalie 4 yasme
Oy goh 903y (a}l:ul}}.‘.l;é:l.bd Jols dbod a5 S W RFS
g e 5 (F) dal

Z _{Zk}j:l ®

Al e K a5 sdeta S (Bl s Sldalie slds M, 0T 5 &
4;.»:&.3;54;5":...&3 > 9> 4 Ol 5 o |y ae semme ol lael
23 3 pe Sl 51 A6 Slalie 55 pgs aes SIS Sldalis
el pslaal Slalie ) ae al S ail o ol slas
Oolal de gozes 4 alal I AU Oldalie ae soms liael janads
Al e jadeial

Ol il 53 plozml b Gta i b JES PMBM 2l s
5 ot e 93 (b s ol G sy oS5 s lbd

ﬁbe&W.:ﬁ@ww&ijo)ﬂ@W

S G303 S Sosba 3 Yo Sy )05 SHlE Lo OIS
To A e o @S5 (Soleay casly sl Ssli ol e
DRl Ol Bl s 5 Jae 5SS G5 g0 i a0
£5 ol Sl dmp ol aly 3l sy Al Olal s,
Solot KI5 glabole oz 5 Shes Ll (ol 3 sk (6 5ledule
&y inlar U5 Ja [Y0] 53 [YF] 5,8 515 Calen Julge L5b o
o sl ok slgziny CPHD 5 PHD (sl ks g » [Y#] ;> sPHD sl
Lo 23 or G SV e s S 3 S oty A5 Je e 42 5L
L Ooua s A5 adeli Camdy Jail s 3 5 o gy ol &
31 Ooldal sldad gy cpl 457 s oo 0L s Ll iy 5 5y
D)ot Sropas Giledds [YV] 1 PMBM s 4 o (6 2o
ol ol 43 8 o [YA] 53 MHT (s iy Sl eslial b s
Slacys gtous MHT 5 S5 5, b (g5led e la gy nlo O somen s
33 ol ply s ls el dﬁjp-;d ERPIE S S RUCINUAREIRV SEEP-RE S
ol ot 1ok il S3lutal sl 5 (55 505 Ole 48 il 5 Jolwe
L Coda O 1 0%l Ol S alasd ja 53 Jole 4t psbnal
MHT o2 55830 5 Shee 015 355 ol St 1 Ol 51 a5 S
b o3 28 Oolaal g1y Ssslios 5 S 5 [Y4] 53 558 0 Jobes
s pl 55 ol odkd plawl (B3las ey Sle hy 6K 4 gl
s s & (650055 b Gl (S e 55k
ol ok a5 S

S35 S a5 8 s kigilia olal b3y skies e oyl s
3 g Sshal S (S S aslizal L Ooltal A 5 Joke ol (slia
Jilize gl gy O K0kt 3 5 oo 3Lt PMBM s s
SLad b 53 1) Sl 55035 dis 55 & Ay gSledas
mJquJ_\‘5:%&5}):9&5@&}&1)&&)%4{&)%
A I t3u 53 5 g0 Olaal e S SleMbl 1 eslizal b
b g d3domn Lot W 5 5 56b 5 (65 pd il LOKS (Ls,
coalgin oy Lol sl js Wy Jus ‘-f.\flﬁ S5l gdoea
b3 clamms 53 NS sy Lol 55 b S e eal 3 1) O )l
03,5 Lol b (oolgiin Jia 3 STz 6358 ateS dly e Colidal
Jha! Jue (L3 ol &y gl 53 Colidal Sropss § £y Lo
Ll Wy Jdae Gloyigya 5 edd 5 a8ly Oolual Srop>s
ilodde ol 58 0 plowl (55208 Sl ezl b ST Slalie
S o b GBI s (sops S 5 Ole 43 Cudsdome O3
©las s 1) 855 Ol Swsslis glald Sl Sllows
s o il s

b3 O ke 4l @lie ol s oolgiin b, 1) gl
lin ol ©3lgihy bay Lmew 55 o0 0,3 PMBM s 53 Colual
Colal 35 35 5 e PMBM s 53 5 (3ledobe 250l 51

Glwand Lsy 55 AT i 3 ash s g5 edishlir (85 5

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



PMBM s 55 ol Oos Sl J&r oK @ 0 sl a5 8 Coltsl bsy 550 e

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

46 gozme Olo 1l w0313 Lamadns 4 3 oS Kb A byl o

aip sy 4 seme Ols 3135 6 1 conls anats slaans b

a i
S 7 osen i3 (W) 6l ad b 2 055l |55 6128

i,a . .
5 Ol () daly Sy pon s Wi s iie s 8 sla0)s S
N
i=1

A0k Lol by bunr Jsp o STil i m ol b

S ol ( fki'a ) S5 & s <rki'a ) REls 3y Jlan

G (V) daly s eddesls Ol sl il L PMBM J&s

25
u ), Wi'ai ’ r.i,ai’ fi,ai . } ()
ﬂk () { K k K () ach el
PMBM sihd 53 sy 4l 5o (S

A I35 5 05T 5 Sidm 53 o JalEPMBM s 5 o iy ol
o8 53 & GlodiicaiS 5 edaCaiS sl i ol 53 ol
gls ypdm Koabod s PoG dlea b cazmals e K—1
.:;»64ww(\\)@bl{@w:ﬁrl?ﬁ,:pgyuuzsq
Z'ljlk—l(x):ﬂub(x)"'
I fg (XX, ) g (X ) x )
l:—l]k—l (Xk—l ) dxk—l

Gy Jlzsl b 8 OS5 sy b A ileesly & )55
S A 05Ty i Dold b g il 058 8 5 5 55 b
QY) 4&1\) [ppe-LY ol sdisaiS Celdal Sl ﬂ-\.jg_,d:.é};

1F] 4T gaso

A;lk_l(x)znz:wb" fo(X)+

(\Y)
ny i .
r%§?¢$m4fiiwi(x)
1=

Colal S J&s (goiyls 1y 4 A S p idu 6l e

J}.&@ 41.&}; (\0) U(““) b‘jj C)‘)y-\) T a..l.&;j..:\;

f.,z‘ (X ) _ '[ fk\ka (xk|xk—1) pskfl fk‘—‘:\kfl (kal)dxkfl ]

Klk-1 ial

< fk—1|k—1 ; psk—1>

Vi, a' ()

S 6wl ewads Olus b slaw (giles gdoee  shea DL
Colual (‘Tf‘}:pt\a:;-l,:l:avﬁl BEREPr- I rl?é‘ Sleoissm do
S (F) alaly oy gt |y bcadiz JEr coltiCatS 5 odb S
Zv\.‘.&édn
u u d d
f(Xy) = Z fe (X )fk (X ) ()
XUwX =X

Colal J& i 4 fkd(Xd) ) fk“(X“) of js &
3 els b plel Kb W ool s edsnis 5 ediicess
@ 2,; (X) QMQQFTﬁJ@‘(f)@‘)JA.A&l{@uM

3 5h oo i g coddosls Ol () aaly j5 &S s

fk”(X”)ze““u(x)dxxl:X[ﬂk(X) ®

S5 g5 ) aesems ol o5V I fkd(xd) o Sl
(Aite $3lai 46 soma Sl g5 6 K S5 RFS & g o
5 e 320 &S5 Jola T bzt g3 g 1T Jlazsl b &S ol
Solial 5y bzl 8 1 il cd F(X) Sl J&s iy
e (r €(0,1]) ct &K b s 03U 55 sde S5 S s 0L
Byh g ahg (7) daly Oy pon S oS S

1-7r, X=0

fX) =4rf(x), X ={x} *)
0, |X|=2

S o Sl Jpin 8Os L b3y 53 Sl

OT 53 Coda o Jlazs | J&s 5 Ooutn (2805 3 g 5 Sz ] 457 Sl
S O i 6l e slab oy Sl ol 05 s
wiS bk Jyn 0T 4 & sphp 8 K b Jyn ) 4o s

RS PR ab)}T ) 4.‘94‘) 93 godd

S OII0(x) o

X, WX, .. X =X =1

£ (X) =

eb s B cmals sy dlal b S J&s fi (xi)OTJMf
Bl 2 Sy 2suPMBM s sl T (X) bt J&s
Olye b Cand o el Gtz 5 S i S| oS 5
Olal )5 (ot S 5 o sh e i gbker G s S5
o (W) aaly Syson & 039 MBM J&s (olls odbatS
25

fo (Xd)oc

Sw S TR (%)

ach wX;=x¢ i=1

Y]

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



Yo

PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

)iibul:)m E) 42.9; Q)}.& Coda @ odalice d.a.:..a:;? S@')}.pjé
Luly) &S @ ab b pl b Slepssom esd Bl S 3550 O

1338 o il (YN B (Y1)

rkilvkai _1 ()

P g(zk|X) k|k—l( )
Kl 1'g(zk 1) Po)

(y)

ki\'kai (X)=

ial _
W Wk|k 1rk|k 1 k|k EE g(zk )Py
58 S salp ool pass s ab p 055 Sloinn ol s &
b otalin 055 ol 5> Sul ar 5 b sl e plal Z) odalin
J?JJL&\CJJ;@%E;}MJ?j)JSGA‘JﬁWJM

e &Gl Coda il

fU 3 Vmms Glbs o 2ol glateny ol S5 4 05Y
Do bsbamss U sd o plonil sl 45 2 Sl 3 035 2

L Ol dl o 2 5l

4 Sy il Solgin i 59l Y
PMBM b jo Wi Joo <os”

SPMBM s b 858 Coas cpdiz obdy 5 ey LS 550
23 e diCalS oda a Wish o M5 Oswl sy iS5 edbily
S o gl s Ol ey (S5 i 4 Jl b gls 05Ty 25
o ,alb oyl (clib js Lt Coda ST S 503 ol ply w0l
Q:.;;)‘}CJ)V}J‘)}L&LL): oli>eiw Ja‘»:}}' QT)\ é\aMU\m}
Lo e (o) edds a3 Oods 6 )3 odalie
Sl mly spdie Sose Jsp e 52 eliCaiS
JMcM@&\eMJ&fJM@aV{FJ;aMW&_\Sd‘)yjs
glaml 05T g Jidw 53 odiialS Olal 55 el CalS L
Ll ol s s e Colual g 8 b cdii aiST Colual
Ol g y3a &S S5 5035 Cuadl Fl= s cnl js W g Jde
J}Z@J‘M‘&E))‘JIB)Q«NA)‘%)’;J‘:}&;
5 0 D3 okl Sy 31 ) ot Y pasne 5 e Sl
Sa L ol T GOKG Ol sea )l (gl bl Jladl sen
O ot Call Y S 55 487 35 8 o Sl 058§y Sl e
Wl 8 0313 OLAS szt s Ol D1bI 53 ola pln O 5o
PMBM s 55 W5 Joe O gmiT 5 (bl slas cla s o) S50k

Sl 2 855 b sl Sl e &S S0 S S e 0L )

(\F)

s (X) =

ia' i@ < i
Wiik-1 ( X ) =W, Vi@, 00)

k|k 1< k ljk 1’ psk—1>’Vi'ai’

e (£19)= [ F (090X 2iss e s

PMBM )xlgs ‘silw)}j)é\g (u

b b Laulsy b ol 53 cbdadin ey S a5t
B GlesSssn o 5335 8 or 0 25 PMBM s pmomss d o
5 k8 Oolal odziasST olal 345 o amlge Slal I 655 am L
6~\~ C}: 35 u}.wT}.; d,m> J‘ Coldal Jj‘ C}a A}BL a-\.."n;ﬁ.&f ol
3361 n Gleojasn s 5o alsl 53 il o b S5 i )
p 3 i 52 0 sl odd RS Ooldal Slayjssn 5 0kd s p25 Jsl g 5
2550 Ol

b culials” Sloal ol y Jlwsyigs -

o Sl sl eiiC2iS Olal OawT g ide s aSlesT )

5| Ly el uﬂ&lﬁ@\ 4 Glodalin g).fb 4§69l.ul

Olial ol 4 edalis janais e 55 L A Jleyse

U’“’”)é

i sl (17) daly Gllas Sloy 5554
A (X) = (1= po (X)) Ager (X) 09

ki by Ooda oS aiS Jlzl P eyl oT o &

b oo

,.;.,5&9?-5.0 Slonl sl y Slwyigy -
Cales Slaad 3 (fl b3 s e Ol Slasjssa oshue
S PMBM. s s r_-win 3,8 5 bl 5yse Lanads
c;.a;l.u\,u@‘_glq-JS(J&;;}JS@:}:)M);};-};JM
S5 S ol 405 S5 S Iy Janai s 4 (slodaline
éuldﬂlﬂubu@ﬁdhw;wwqué;eﬁi};}j@
03,51 (VO G OV) Ll 53 0T Gluyss 4 by pe Lalg, 8 355 00

ol o
i rk|k 1< fk|k—111_ Po) o)
Kk =
rk||< 1< k|k 1 Po?
- 1-
i o= mlint)

(f¢ Klk— 111 Po)

ial i
W =W ( k|k 1< Kk 1’pD>) ShY

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



PMBM s 55 ol Oos Sl J&r oK @ 0 sl a5 8 Coltsl bsy 550 \d

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

ST ESLST T Slok (552 5035 ol s S e g3 5 gLl
o S (il otsaiS ol dl= 53 Cods SIPMBM s s
N S ropS Joily 8 Gage)3 35 s Ad J5p e 53 0T
OauT sy Side a1y DMLl ol Ol o kil azils 55 Cula &5
Condy d e g bl ks g e OT bl 00 i 55 A0
W5 Jle GOIW J&a ol ol o3 sa5 ot dlasd 53 Colutal b
_ b
GGIW J&s ole 53 51 (GGIW, Yk dasd ;5 PMBM ;L3
S5 S s e uiS Olaal GGIW J&s 5 <ol Wy Joke

Db o S5 (YY) sl &) gy
Nsg Ng
GGIW, (X) = W, GGIW +>w, GGIW/* (1)
j=1 i=1

sl Kby ngg 5 b Uy e JE GGIW® 0T Js
GGIW ™ ol e Slital W5 gl Jommn b GO
41:-).0;'&._:‘Sﬂ}ﬁk'l‘\h’;‘)}é}}ﬁh)})ﬁf(ﬁﬁ JMQK’:
e e a5 LG a8 D 50 OT (51 (g i) (it
W 3P Wb, jWbsi s plit K dbsd 5> S Sl e
shaws Ny oman ol ol 505050 J&s 5 b U5 J& 055
el k-1 ﬂ\.}a’rjjb)d:ﬁgfj ﬁ)bbﬁ}‘ ofdal

o JB S S &K L by & (bl Oolaal gl
ol s S e b Sl (650035 Samd g 5 Sile et 6z
g5 ol U5 Jde 55 o iledie 51 38005 & Ll
2334 sl 1 Vsmnn (55250505 47 ol mly i 2 ABL Dolotal
@las 035 55 ol ply b Sudy (2 8 s S il
38555 Hl5 o (S 0p3S il OIS Olsisas 5 50 oka 31
33 GGIW J&s 314x 05 oo Sloend 5 ol b bl €] (5 5 G5
el 53 5505 G2 K1 alased 53 0diaiS Oolual il el J
Cda GGIW pds baes 595 b & pl L a5 o sla pin S 0

:rij‘) d‘i‘ft‘ ..\.})\.} )‘J; LA‘&\

{m (X Yz c{mf’emf (%, y)} )

m; (X, Y) S clanie sy SLM T 55 o
PR RS XU 1 (TJ' Srops e S Slase
el | ol s iy s B 45 gems M, X,Y)
i N di oz 2iS Oodn a (gl 45T ol &S5 ) SSbs (YF) alasl
ety I 4 e ol s oy (63 B 40 gezs I Caliie
) b o 3l L5 g0 DBl it (sl ooy S e Olsen o J 5
Ssosou st s S S 4 o il o Olyes S5 (N

ais oUls 5 085 3 st zeie Ll 5 oo OT (61 dlgs e Lol

Bern™ (

33 S5l oy SIS 1L K030l 350 AS 552505 ¢ 585

oid g ek glulid sli aiS s &K Olgisa 3,8 15 T
2 o3 & o lab o e bl Jlist A3 Sy
OT 5l o 0eT Ly Jlaz! 487 il axils 5 4o 5 oyl (gL2s
Sore b sn S (B8 53k jols Ol sl sL 5 et
33 Jotee W5 Jute Ol e as Ll 5o o 0305 Ol oV K 5 oS
0368 Z3lys Ol SS9 ol @ a5 bl sk @ 8
U5 el James GO Cay 25 OSGI PMBM s 35T 5y i
Slazbn o 303 3y dis ol Ll d 4 a5 b (25 8 lutal
&l ok 8 L 55 031l b Coltal K8 5 a5 e b Coltal ol
Cada s ) Ji.i 03 oddionls OLES gla aw .n)fsa o bl
o8 2 55 4 dien (GlodiiniST g ok s S Colutal sl Sl
Sme U e Sl plply b o g Mg e b il Sl
Colal &S ol ola ply S e Slatbes 5 o3l 5 IS5 ool

.m;@WlJ@uj¢fﬁ)>amw

)y \
4
s J
e v 2
/'// SV //)

sl W3 liee
OULS ALS g 0 (i (RS BB S @
SN ALS g o0 (S (B Sus JSL
oz (g S0l BB aloli iy R

()

(0529 ,9) o> Wai Joxo 3l glaigai

)
6Lad e 55 W5 e (G il (sl s Oolutal W 5 ke 53 1) S
S O gman Ol (6l 1 Lol asb eSS s g due () ol
olf.s})é
sl US55 O T ad sl Dl 3 g S5 S
C}}j:jbb.4@‘)}}9&»&‘4{4@[{@&.@‘}5&}5‘&@%})
(S s D3 53 il s Ll B3l a3 8 5 (Gl (o
4 Llg e gy db= 5y O S JKT 3 S ge Sledb

Journal of Control, Vol. 17, No. 4, Winter 2024

VEeY lin; (F o jled (VY il o 287 s



Yv

PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

0 sill oli 22T o Ol S oula ol 0T o oS 355 0 LSS
el e B S5 6 e o) 8015 8 515
S sl 53 i sl s Sl @ a5 L s e S5 0T
a5 edalie &S L IS autalie ¢S5 1 AL Sl (See
3 Slniasn bl 53 8§81 O soa ez 53 40t
SIS Lo s 4 4l ol | odalie 457 ) ges 3 S o0 13
(YA) 5 (YV) alasly oy o OT 035 5 o (2505 3 g2 5 Jloz| (i,
PP D53 300 S mils sy pde Kb & 55 8 r e

IOV sl e oKl

il
hik =0 (¥v)

Wli(vl =1 (YA)

25 e diEICalS ol 4 o I L5b ool jarad cpgs Jlo|
(O mils sy sl Syge cpl 95 &S Sl Opul sy i
g(zkj | ) stalin doe oSS w4 5 055 5 a4 b e S
odalie ij OT 33 a8 335 o s (M) L (Y8) Loy, Lo
IN] sl Oota s a3l i

rkil,kzz _ %I:k—l;g(zkj ) PD
2°(28) (192 1) Po)

fi’Z(X)z g(zkj | X) pDﬂ';kal(x)
Kk M:*Ik_l;g(zkj [.)Po)

Wt =2 (2 )0 (@ 1) pg) o

(Y4)

()

e cpl (solgrin o b odsm Sl PMBM s jlsle Sulgi s
[F] 53 PMBM s sdsmdol e [Sily o8 o 0L ¥ JSC8 )
a“;;kh,&;)n:ﬁkxb)}a .]a{‘})n)uY Jg“;)é'\“;’\‘.@

el

;
43
cf

™ P _ i _».]

- ;. -

9 37
g3
D
3
g

Gopds Ja b 3l oddz Nl PMBM s bt )

kgl s uj) Sl s b e RIB el Oua Sl
shia ol Bl e 0 S Il Bos Db 51kl e el
Slhalous 5L 4 i ol 1S 05T 5 2w 5 GGIW (gla JE
s I3 S el 5 S S ST e 05T e
3 SRt o 03 Sl o 51 et D) so 0T sls!
Sl & (=S 8 el gea Ll dal s (g 50 A8 SleySao
Sl ok 4t 8 k5 s &l glas 55 Solual Wg gl ol Joue
A J5n o 3 6T JBa 5055 by 350 5 Straw b
53 Gl 08 a 53 30035 e (B Dby b ol 3 5o
e85 s 38 o 5 53 GOIW JEor N slutas Coda s sl bl
dal g 3y Osul s Lidu 55 GGIW J&s & YN+F slaw Jl
al g gl O g e 53 Lol glasl sl N il 550 L. ousls
T 059) Wl BL 35 dm Sle (“f)’ Lol p) a7 Gy g ys 2L
ORIl ez b sldas ) (055 2aST ek s &l U
S 4 O T g Slasl o p b aS Cl (6550 455 ) S5l oo
S5 b J&s ol slins WGGIW 35 (5! kT & ldia =
Sb N SRIBD WGGIW slaw 5l 3l &oygom)s Lol 348
bl U ol bl Joeod 2513, dols 4 Slasluw
il e 3 ol o lbl 2y e Olje o (sleondlae
2 Sspe 5 A
by el 53 55039 O35 GGIW 5 Csp (slaad] 3o

Wl odiiosls QLS (Y0) alasly 53 457 543 g0 o 3 ol Coda
s _ pnBemn”
{mi (Vx’vy )}] - rni (Vx'vy) (¥8)

Oda adsl Te g 55 dpmge Cuakd e 4 e s L res
oSl g3 Sy gadlie 4 b gy e jole (Gode e o gl
A e Sl s g 53 55 GOIW JES P il S
S =
i S5 05 K1) (S 525055 GOIW & o sl JSo
G S5 1) S e 5 ol e bt 1 ok sl e
Born
Loy witon s X ol Conta S8 g 5l 51 (L) 5 5
o Al b3 adyl peds ol & Cl e .25 8 L 5 (Y9)
L oo
B
XS =(X>" [ 0<(<1 (¥%)
J

QU 098Il o als” Slual (ol p Jlusyigsy -
Ooltal 4 fds Clbsls Oawl s 5w 53 odiialdS Csldal
Coldal ol sl 5 o Ldor Colal azws ol 53 oS At odinlS
o)[ﬁ) (L? PLEBL] .»\..&l; ol ngi)r:wj olaal l‘i E) e-\.fl:.»\.}j'ﬁ e)'l.?
)‘j; el aiS Uada 4_3‘2}_1}, = J,'-I; lodalin S@)}ﬁ)é

Sl o 0313 s Slaad p ldd 43 b 4 p K 0,8

Journal of Control, Vol. 17, No. 4, Winter 2024

VF Y Oliwe ) oF o5lad VY o oJ 28 ales



PMBM s 55 ol Oos Sl J&r oK @ 0 sl a5 8 Coltsl bsy 550 YA

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

wlsl s A3 S o e 4 35 (BT 2n) el Oua aS
...u:;da

23S PY] 53 25 8 Oolaal a3l ae sazme &GS 4 sk oyl
3,5 on 513 e3lizal 3, s PMBM s b oo,y b s e eorl o L
sl ot L ol plte Clal 3 8 b5 s gy Sk Jlesl U
i 53 4B S (s i sm Olej 2 3 L Lo pETVE (sl (s 5luans
Srapss 35 o Mg s GOl | sl 3 Sl okia S
4O 33 s dblE U0l 4t 5 LTl o 035T Dol
Coua o jlad HUS 55 3 3las s 4 &G 1 T Ol jon L I8 ine
okl (§ 5105 @};Q.\Aﬁs\ SN P Sropss u.uaji\.f
a3 g Ol 1y K o jled ot

WYY QU ROC SR S PRENURIIS R INPNES

& g0 dbat g daxs oy [ bua

Vs \ \

\'%d \ Y

of \ \

v$ o0 *

¥ oy *y

YA i e

‘ ol rsys s | ‘

e N —
N

00 | ol dar gyt @

odisille 5 ol Olal &8 > (gl ¥ s

Silwdms @l -

o3 Ja b edd Mol PMBM s 5 Slas o) ) st
PMBM s )US™ ) olgiie iy A Giloand mls (oalgin
wuﬁétﬂ.w\mu)ﬂéﬂ)rgdegf,m,w,%d)m
Voo by s s 4 s Sas bl il Ll s s 5
2 e planil 1SS
Slp il Gl by, e Ok B g3 50 S b0les
W3 3 Ol e s se DMl O1b1 s (555055 Siledue
(ol Coa J s GGIW (sla JEor sliws 51wy 5 shatots ¢35 5150
el GOIW J&r i 5 gy e 2S5 31ad (51 5 Shoe 5
o 0355 03lizal GOIW &S5 51 6w & a5 55 adl 55

LSLJ\J-\AJ.JJ- AVAL:) 60)‘¢|L}6LJ‘;)ML;¢:J;JA4;U.0}JU

Silwdns W -¢

Sl sl -

CS o ol ileand Hy Oldal &S > Jde dlae ol o
.Cun‘u-\:auéjéquQ&ﬂéﬂ}@)ﬁ@g}ké),ﬂéd.&}@‘.&‘
Cotdse polie Jula (FY) aasl, b Gillas (oS o Sliaseion Hls 0 opl ol

syt 8,8 53 dm 53 53 (Vo Vi) e 5 (X, Y)

T
X:|:X, y,\/x,vy:| (vY)

235 Sl 6l 3 Ikl Sldalin Jde 51 a5 548 0 53

) gs“'.?? cj_,: shls Laji..:- i of 4o 395 oo oslatl

aML&nJ.\.«uﬁju.wle.\.}d;,ﬁ):‘g.\qu6\4}';»)}.44{

B s Kl st b ol H oL s s s

b o S 5 Susd Spon 055 S e Codge Sldalie

.b}.’l@ub‘b&L@J(rv)@bdé)yii}cbﬁdb‘shﬁh

1 00O
= (¥¥)

0100

b s oSalys Sy o (25 8 s S 0 IS o (siledute
O O o Y ™ JORVAL WG (RO
e 53 Lleian § iy /N Ll 5 0L Solalie 5 oS >
SR IO Sl s Sl oM O guT sy lasl 055 b A8
bl glad ) abede 0 Hlgn 53 45 games opl Slasl 355 o0
ls 53 (VO | VD) Slate

o S5 e e 3 S 5 Shee b5l shies
wp i [M] sph e eslial (s 8 Olaal sl wbbaeas
I 5 S o Slasia ooy slbs 51 56 4y 5a Jals GOSPA
oy e 5l AL slas 5 olzdl Colal sbs,y 51 ab gl cCoua
ol s Shas o) p g omlio lns 7 035 2l5 ldal

oS o b -

Sl el 5l Jool mls 5 S o gl SiSu cpl 52

sl ¥ S 5555 8 o 1)l els Mol PMBM 2 5 Shes suteze
L ooisilte Coltal 5 T sl sin b ool 25 8 Colaal &S >~
Ol aw Tl 53 gsle pl 5o iCwl edbesls LS sl ol
01> b s aw p| IS g0 b &S 303 s ol (85 S
basls iyl S 3y 1 St 04 LT S g 5 500
A{Un;;dfouwwﬂ)gJ.uwdljlrlu\f,a.@|
S0 2 el O L&ty 5 4 by e Sl Joue
3 G o) (25,5 oo S5 alamd o 3 sl 0t jaimtin JS5
CS o par e O badsienls OLi g 53 5 edile  Juol oua

Journal of Control, Vol. 17, No. 4, Winter 2024

VEeY lin; (F o jled (VY il o 287 s



PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

Ol ¢t /NO L+ /0Y Sl (6500555 05 SRl L S das oo Ol ()
SBo3l 3 o et ol il 2l sl L Gilas GOSPA 4
b pi[ov-5:] 5[v+-f] 03k (stns ol o BT (5 52 33 oS Gl
G a last 0y SRl L e /N0 3l i gD sl sl 53 g
b ol (3503 6Kt 3 pngp 9 0| Sas aintn ylie
A 53 0T gy slsl ol (5151 51(0)0 S S alin  sbe
QyTxr‘!_o@;hw@,:«fdwbqsﬁwaul‘bGOSPAg}a
253k 4 Ll (55506 655 ) S5l saTlinns s oy g
aseis Jlezl 5 (idg i1l o 35T g Lasl slans 2ol 551 S0
S 5 il Ol obsy Jlal Ll i (Sl

.A}.ZLSA
GOSPA costfor N =3

25 T T

GOSPA cost

10 20 30 40 50 60 70

Step Time

()
2 GOSPA cost for W = 0.09
25
20 -

GOSPA cost
@

40 50 60 70
Step Time

()
20055 Ja b (D) 155 lwat I g 55 GOSPA jlns i I
S 5+ /+8 Sl 055 b () Cilites (605 5 O gl sie 4w sl

Ol 3 Sliel Calies

53GOSPA jlae Slas jo :Kke 4y y ke ¢ s dslin ) slaiess

Ak s Swsils Jae sk PMBM 1 ¢l (g5luand Sode

0> Calien 055 L 05T 5y (655035 38 4 L ok m ol PMBM

o6 05 @13 4 RMS Sldie 55 ¥ Jgudor 53 ol ol 03,37 ¥ Jgul

Aﬁolkw.@\aMas)}TQﬂ;&ndhé;b\ML;lﬁ}~/~ﬂ

Jite O slde PMBM jlé 4 Cod Ao s o Lo RMS

BB 4 s bl sa 58 Jadr 53 ol 53 Srop

23 b L (o e y3 (83 05 T aalsl 53 5k e 43 S i s
e ol gy 55 GGIW (sla J& sliws o5 5 L
3y Sl slaw gl 555 ileand mls ¥ e s
a8 oo Ele3T ol 5 (Sl ol 0351 cCalibee Vb )3 aades
FUSE el oddad § 5 s e we Juls (55505 de 05T
O gl g1 Lzl 03g el )l Sl wis JU3 53 s s Shee Kbl (L)
Jlazl 153055 sl opl ST edias0lss & ol (505055 Joke
v ()f IS s mmmen Ll Clal Sropds f Fy plelid
055 L5 Siopss e DTy 40 same gliael sliad Sl ks 6l
8l ol slues st ¢ g dwslie ) shileas .l 0l 03,51 Sl
PMBM il U s 5550 oldal sl 5 Oyl (glad s 552 g0
A 53 A s Slas St 55 ol 0l 0357 35 Jpene
odalis s ol s Jslae PMBM s 4 Cs SiopSS stj

255

Cardinality Estimation (N = 3)

45 T

°
=
ks
s
3
8
E
E
z
25 === PMBM without spawn model
——W=002
——W=0.05
W =0.09
———W=015
2 ——W=02
Ground Truth
15 I L L L L I L
10 20 30 40 50 60 70
Step Time
()
Cardinality Estimation (W = 0.09)
4.5 T T T T

5
o
S
-
K] '
E i
S
z i
----- PMBM without spawn model i
N=1 i
N=3 i
N=5 i
N=7 !
2r Ground Truth Llamene <
\enranmenn
15 . . . . . . .
10 20 30 40 50 60 70
Step Time
)

e (L) 1ok by SBlal sl gl 55 g0 mlsi¥ IS8
b 05 b s Calibes O sl g (slzel olins (O) Calises (S055 b 5 O sml s
/04

‘_;lﬁGOSPA)\:MwLAJ{l);l:é:Jﬂ.&&lﬂj)l@uaJﬁ.:
059 = 55 ¢l E 5P el s das e Ol Calies Y-

0 S .l ok 03,57 ol 05T 4 (clasl slim 5 2ol o3

Journal of Control, Vol. 17, No. 4, Winter 2024

VF Y Oliwe ) oF o5lad VY o oJ 28 ales



PMBM s 55 ol Oos Sl J&r oK @ 0 sl a5 8 Coltsl bsy 550 v

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

FUSE) A s Slas Cords Sl ataTomsa e Lo
Sl b 038 53 by o i Slslows o O30 5 ((0)
Sl (J58 BB mebl PMBM il (5 5035 ds sl 05T 5 GGIW

S e

Simulation Time (s)

10 . L L . .
0.02 004 006 0.08 01 012 014 016 018 02 022

w
()
80
70
60
O
o
£ 50 -
=
<
L
T 40
S
£
»
30
20 -
10 . . . .
1 2 3 4 5 6 7
Number of Poisson GGIWs
(w)

e aw Gyl (505055 Jute b () 18,57 o (6wt Ola 19 IS
Slael Calsbue sluas 5+ /+8 ol 055 b (©) Calien (a0 5 09Ty
05T 5

Uil caly S 1Kl a bl oS de SIS, edle

0P S5 pS Je 055 5 (S e g 5y Lisl o) iy
4 e Sl (Sas 3,13 3 paaal F 5 L WSS Jal b s
Ol Slp a0 6K 558 il 0kd Sha) Slal sl 5
s M5 S s pesai Loy ks b bl ae b A
:‘M,%WJlM\wJW\Jk_;)ygwléﬁjrﬁ
P& s 55 0335 S5 358 a8 0k ) Bl b sl
Sl A 55k Ll i W13 s L IS 55 el
by Jlazl 503 STy Caws Jasee Lol 15 51 w5 S ys a4 Ll g
P S G g Sl S5 a5 50 S (Al 8 Slal
P o 36 o (5505 e o pllae s Shas bl shas SIS
e ids 5 055 wsoe oRIF S Gosba il wale 18 S
ails sy Oyl glas js s SIS &S il il s S

Dad 8l 8 Ooldal la Hbs ) sl 8l 4 e Ll 5 0 cdSL

G5 4o § SR> 0

6)‘.);'5‘? Jde L GOSPA 4 58 Ol e a5 6 ui.nlf ‘o.,\.eTQMﬂM{
355 0 odtalia (6 51 5e35 ke D DL,y S 4 ol
05 ) GOSPA jlas ot Sl o 0 80ke 4y 5 51 ie 1Y s

N=Y1} Calides
PMBM lé 4 Cood 3 5ugs Sy

S RS sy A

e GOSPA
e 05

R \Y/PVND
Srops
FA/AF [ZS\al W =2/0Y
/v FINVEY W=e/0
0Y/AQ Z/OVZA W=+/24
04/8Y O/0V4A W=+/\0
Ov/ay O/VONY W=./¥

Slael slass 61 GOSPA Sl las ol 1o 550k 4y Slutie ¥ J g

W= /.9 9 alides
PMBM s 43 S 3 g o 53
RS oy A
Jole GOSPA
Joe O 5y
R VY9V D
Srop
FF/VY V/004b N=)
OY/AQ Z/OVEA N=Y
OA/BF Yigedl N=b
OV/FA O/MYY N=v

o 53 0T sl 5 055 bl i 31 Ss e 45
Sl 55 53 bgileand IS 0l 5Kks # JSE 53 .l Slislons
33 0 sl Sl 3b (L) 7 e 5l eds 03,5T Calies
GG /Y s ) SIS el o el aetin Slslous o Ol
23 OF) daly 4 a5 L 5d o odalie (luand Obj s g
(1=Pp) s 05 05Ty JBo 055 ABBIW jlesse
sl 05 6l o5ks (aiS Coua &S )05 pl plh 3 5d (0 o
doyor 10N 4 03T gy I 835 ¢ Slus s dlm o & Sl dns +/)
33 OpT 5 gLzl Lupn gl oddad § L5 55 gliaT Hldie b ol oS
AN e sWdss sl sy sl ol ol i oyl
48 gozmn 53 Sl rgd&j‘&s‘ﬂsﬁ)‘.ﬁ 05T 5 GLGGIW
ol slael slaw 6l 53 LRl 4 mie 8 usley BU 04wl s
0T 55 o ol b sl oS Goses3 35 on Gl o6 o )3 e sarmae
S 5l ey 305 0 43,5 i 53 0/) 51 28T WGGIW oyl el sla
35 Gas it Yl &) etziniS GWGGIW luyss,a a0
Gt (3 Dllous o2 g odld o 0 5T 53 40 sazes 1 (it
b oo
4 e e ‘5}1)(..;6 SLGGIW slaw 2ol 53l oS Conl o
odalie () # s 53 Cllae ol 457 355 0 Slislons Olaj ol 33!

Journal of Control, Vol. 17, No. 4, Winter 2024

VEeY lin; (F o jled (VY il o 287 s



)

PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

Sl Ol 5 @ Rl & e 3, Sas 5 5 o) S o o0
> Shoe 35 03 ol 48 L 53 0l g oS 5l 33 8 8
ol s il ey ST Sl S a0 5Y il A IS
Al JUST 3 Wl 5 o iz (2iS Jlazl g Jama NS 5
5> Dby Al sty Ollanil 4 i 5 €8 5515 edizShol PMBM
23 3 g DBl ) i (601 e g (porer 3 5h Caliee Lyl 2
E5 38 o 5 S e el sl a8 Oltsl S5 JE
il 03 fhd g o Shes 4 e (Ode I Bl Slali
Wiy ST sl sy 3 Dlesdsm ol o 3500 Susiler

5,50 ) 5 a5y 40

P3S Oda ki gbsy ChS s sshiea e ol s

(salgiin ks 55 35 6l s m o PMBM s o o slutor
boebsy Jb os Slial SlbI s (655055 Olea S sl
35 D55 i 03 3 5 Solial S 535 ge SN 1 eslizal
K 4 Slalus o 5 Lad 515350316 0k Jda 04T 4 RFS 6
bosst 68 sl J5p Stm 03 pama glaad sl ()
5 BB 2 e Gt (b 53 sleTimss mls Jos
Gred 53 PMBM s 5 Slas 55 55 dlie ol (oolgii 58055
S 5sboler il CoirhB radsn odipilr a5 olutal
O g gy 45 gazen Lasl S 5 835 eyl slas o bes gy e sl

Ol 3 3l ol (Saisalis JUS s 6 e 63 Shee b, als

Alie 5 eslinuls o (sla pite S ,ma F g

e o Slrpogs 0

Couda 2805 3 g 5 Jloz>] r K ot 53 Colual sl ny

5 S5 4 e e JE fFuB oot M SIS xi

Ayl o pmid=d 45 055 Wi Ol ol (ol 4 yazes Xy

Coaa Gy Jlaz| Ps 5.5 B GGIW - J&s Xi

3Ty, 40 goee U Db w6 20 G 1 (8l s Slalie & 5 Sl LE Yk

ozt Lo i Cous (asS Jlaz> Po S @3S (S Slabta s, Xy,

U5 Joe 3T 35 46 azes b g slutas Ngp S Sl w55 b s 5 Oouls S8 Sl Xk

SR S 3 3 se Colal slus ng ozt 1 (8L s Slalie Joli  S5lal 4c sazee Zy

S W Jaa s iyl 05 Wps; odizei 31 3 53 Solutalin slaws my

(S 500p55) piza Mg Joba 5o (Ti 4 055 Wp, edii 08 Coal Jals olai 45 sazen Xt

Sl sae S Slaitayls mbBern” osatS Colal Jold 35Ul 45 yezms x4
b S by n O30T 51 48 pozes DS 06 2°0) 2528 sl e pors o S b i)
Sl a1 36 (55050 S Slasia oy s skiaiS Oolal 46 parme b JE w6 Ji®
S5eap30 4 gomn pl ] e K 225 S Slal 05Ty, S S 5 ()

é’.')ﬁ adqu:a:&pl:)}»:ﬁ)\fﬁabml&ﬂ:éd,k

[1] L. Guerlin, “Approches bayésiennes pour le suivi
d’objets étendus appliquées a la lutte anti-drone et
au véhicule autonome,” Université Grenoble Alpes,
2022.

[2] S.Wei, A. F. Garc\\ia-Fernandez, and W. Yi, “The
Trajectory PHD Filter for Coexisting Point and
Extended Target Tracking,” arXiv Prepr.
arXiv2210.03412, 2022.

[3] K. Granstrom and M. Baum, “A Tutorial on
Multiple Extended Object Tracking,” 2022, doi:
10.36227/techrxiv.19115858.v1.

[4] L. Guerlin, B. Pannetier, M. Rombaut, and M.
Derome, “Study on group target tracking to counter
swarms of drones,” in Signal Processing,
Sensor/Information Fusion, and Target
Recognition XXIX, 2020, vol. 11423, pp. 8-27.

[5] S.Johnsenand A. Tews, “Real-time object tracking
and classification using a static camera,” in
Proceedings of IEEE International Conference on

Slrbgi ot
Ale 33l 46 pams RFS
SVl 25 J& PHD
o o3Il gVl 5 5 _;“i? CPHD
Moz 2Ok S5 LMB
DBl ean Hlocar bk Jsp GLMB
O gl 3y (sl ) 3 PPP
@b Jsn VB
@i S oS 5 MBM
@by J5 LS -0 T PMBM

OS5 GM

o sSan Syl g o S -LE GGIW
@l et atgy Sl ) jarais GOSPA
Sl e o Kile a2y RMS

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



PMBM s 55 ol Oos Sl J&r oK @ 0 sl a5 8 Coltsl bsy 550 vy

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

[19] C. Fantacci, B.-T. Vo, F. Papi, and B.-N. Vo, “The
Marginalized $$\backslash$delta $-GLMB Filter,”
arXiv Prepr. arXiv1501.00926, 2015.

[20] J. L. Williams, “Marginal multi-Bernoulli filters:
RFS derivation of MHT, JIPDA, and association-
based MeMBer,” IEEE Trans. Aerosp. Electron.
Syst., vol. 51, no. 3, pp. 1664-1687, 2015.

[21]A. F. Garcia-Fernandez, J. L. Williams, K.
Granstrom, and L. Svensson, “Poisson multi-
Bernoulli mixture filter: Direct derivation and
implementation,” IEEE Trans. Aerosp. Electron.
Syst., vol. 54, no. 4, pp. 1883-1901, 2018.

[22] Y. Xia, K. Granstrcom, L. Svensson, and A. F.
Garcia-Fernandez, “Performance evaluation of
multi-Bernoulli conjugate priors for multi-target
filtering,” in 2017 20th International Conference on
Information Fusion (Fusion), 2017, pp. 1-8.

[23] S. Wu, Y. Zhou, Y. Xie, and Q. Xue, “Robust
Poisson multi-Bernoulli mixture filter using
adaptive birth distributions for extended targets,”
Digit. Signal Process., vol. 126, p. 103459, 2022,
doi: https://doi.org/10.1016/j.dsp.2022.103459.

[24] S. H. Rezatofighi, S. Gould, B. T. Vo, B.-N. Vo, K.
Mele, and R. Hartley, “Multi-target tracking with
time-varying clutter rate and detection profile:
Application to time-lapse cell microscopy
sequences,” IEEE Trans. Med. Imaging, vol. 34,
no. 6, pp. 1336-1348, 2015.

Sl oyd s by Jleiml 53 S A sl 1 5 oUls s 2 [ VO]

sl 5 (Son A bl 7y y hl5 d  (SaS e L
pP. 70-75, 1396 , =3 JL. Vol

[26] B. Ristic, D. Clark, B.-N. Vo, and B.-T. Vo,
“Adaptive target birth intensity for PHD and CPHD
filters,” IEEE Trans. Aerosp. Electron. Syst., vol.
48, no. 2, pp. 1656-1668, 2012.

[27] A. F. Garcia-Fernandez, Y. Xia, and L. Svensson,
“A comparison between PMBM Bayesian track
initiation and labelled RFS adaptive birth,” in 2022
25th International Conference on Information
Fusion (FUSION), 2022, pp. 1-8.

[28] H.-Y.  Zhou, “Sequential Monte Carlo
implementation and state extraction of the group
probability hypothesis density filter for partly
unresolvable group targets-tracking problem,” IET
Radar, Sonar Navig., vol. 4, no. 5, pp. 685-702(17),
Oct. 2010.

[29] K. Granstrém and U. Orguner, “On Spawning and
Combination of Extended / Group Targets Modeled
With Random Matrices,” vol. 61, no. 3, pp. 678—
692, 2013.

[30] K. G. Murty, “An algorithm for ranking all the
assignments in order of increasing cost,” Oper.
Res., vol. 16, no. 3, pp. 682687, 1968.

[31] A. S. Rahmathullah, A. F. Garcia-Fernandez, and
L. Svensson, “Generalized optimal sub-pattern

Robotics and Automation, workshop on People
Detection and Tracking, 2009, p. 25.

[6] L. Bao, F. Li, X. Di, P. Chen, M. Xiao, and J. Bai,
“The influence of dual stealth aircraft formation
cooperating with aerial bombing on the
performance of monopulse radar,” in 2020
International Conference on Artificial Intelligence
and Education (ICAIE), 2020, pp. 467-470, doi:
10.1109/ICAIE50891.2020.00113.

[7] Y. Bar-Shalom, P. K. Willett, and X. Tian,
Tracking and data fusion, vol. 11. YBS publishing
Storrs, CT, USA:, 2011.

[8] S.S. Blackman, “Multiple hypothesis tracking for
multiple target tracking,” IEEE Aerosp. Electron.
Syst. Mag., vol. 19, no. 1, pp. 5-18, 2004.

[9]1 R.P.S. Mabhler, Statistical multisource-multitarget
information fusion, vol. 685. Artech House
Norwood, MA, USA, 2007.

[10] R. J. Fitzgerald, “Track biases and coalescence with
probabilistic data association,” IEEE Trans.
Aerosp. Electron. Syst., no. 6, pp. 822-825, 1985.

[11] T. Kropfreiter, F. Meyer, S. Coraluppi, C. Carthel,
R. Mendrzik, and P. Willett, “Track coalescence
and repulsion: MHT, JPDA, and BP,” in 2021 IEEE
24th International Conference on Information
Fusion (FUSION), 2021, pp. 1-8.

S Jlzml o3 & s sl 35 5 2B s 0 [V Y]
VOL. g ol 585 Sl ", S8 Jaze b gloyd okt law s
3, no. 4, pp. 23-41, 1394

[13]R. P. S. Mabhler, “Multitarget Bayes filtering via
first-order multitarget moments,” IEEE Trans.
Aerosp. Electron. Syst., vol. 39, no. 4, pp. 1152—
1178, 2003.

Sldal gbs) 3 oo AN yo5 Sas Obs s p 5 Sl [V £]

GM-PHD,” inJ:.l:éa\l:.,aﬁ polas Ll a s ngl)..ajdalef.\;?
Avae ,Qlﬁlxﬁj}\:ﬁ}dtﬁyuwbﬁw

[15] R. Mahler, “A theory of PHD filters of higher order
in target number,” in Signal Processing, Sensor
Fusion, and Target Recognition XV, 2006, vol.
6235, pp. 193-204.

[16] S. Reuter, B.-T. Vo, B.-N. Vo, and K. Dietmayer,
“The labeled multi-Bernoulli filter,” IEEE Trans.
Signal Process., vol. 62, no. 12, pp. 3246-3260,
2014.

[17]1B.-N. Vo, B.-T. Vo, and D. Phung, “Labeled
random finite sets and the Bayes multi-target
tracking filter,” IEEE Trans. Signal Process., vol.
62, no. 24, pp. 6554-6567, 2014.

[18] Y. Zheng, Z. Shi, R. Lu, S. Hong, and X. Shen, “An
efficient data-driven particle PHD filter for
multitarget  tracking,” IEEE  Trans. Ind.
Informatics, vol. 9, no. 4, pp. 2318-2326, 2012.

Journal of Control, Vol. 17, No. 4, Winter 2024

VE Y Olie ) oF o)lad (VY A (J 287 dloee



AR

PMBM 1 55 ol Oos Sl & oS @ 0 sl a5 8 Coltsl bsy 550

Ghame e ¢ Sl Olaas (sdgedesadow ¢ Slydes e Ol

assignment metric,” in 2017 20th International
Conference on Information Fusion (Fusion), 2017,
doi: 10.23919/icif.2017.8009645.

[32] Y. Xia, K. Granstrom, L. Svensson, A. F. Garcia-
Fernandez, and J. L. Williams, “Extended target
Poisson multi-Bernoulli mixture trackers based on
sets of trajectories,” in 2019 22th International
Conference on Information Fusion (FUSION),
2019, pp. 1-8.

Journal of Control, Vol. 17, No. 4, Winter 2024 VP Y Olwe ) oF oplad IV o oJ 28 alome



