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Multiple-model GM-CBMeMBer Filter and Track Continuity

LIAN Feng? HAN Chong-Zhao! LI Chen?

Abstract A multi-model cardinality balanced multi-target multi-Bernoulli (CBMeMBer) filter is proposed in this paper
for tracking multiple maneuvering targets and forming the multi-target trajectories in clutter. Given the assumptions that
the dynamic and observation models of the multi maneuvering targets are linear-Gaussian and by applying the Gaussian
mixture (GM) technique, the analytic recursion for the proposed filter, namely the multi-model GM-CBMeMBer filter, is
obtained. The extended Kalman (EK) filtering approximations for the multi-model GM-CBMeMBer filter to accommodate
non-linear models are described briefly. Simulation results show that the proposed filter performs multiple maneuvering
targets tracking well whereas the single-model GM-CBMeMBer filter obviously produces the missing and false trajectories.
In addition, simulation results also show that for the scenarios of the relatively low signal-to-noise ratio (SNR), the
performance of the proposed filter is better than that of the multi-model GM probability hypothesis density (GM-PHD)
filter, and is close to that of the multi-model GM cardinalized PHD (GM-CPHD) filter.
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Lk N 2R A] R AR R

0.8 0.2

(e ()| = [ 0.2 0.8

] (52)

Ry(ng) = diag {0,%,0,%}, Bi(n) = I

(53)
LA diag{-} FasX AL op Moy, 730 ER
x My J7 A E NS b2, 244 o, = 0, =
O = 10m.

AR IEKZTIINER pp & (ng) = pp = 0.95, HL3)
HFR AT ps i (n—1) = ps = 0.95.

B IARL RES, BN ky(zk) = Acfe(2r).
A4 N, = 20, f.() =U(C), b U() £r¥
Al Z Hlsh H bR LSz sh & 1 pros.
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Fig.1 True trajectories of multiple maneuvering targets
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P LU [0,15]" m/s” MEATHLED; HobR 2tk
T4 1s, WT- T 35s, B AE 1s~20s W LNk
J& [10,5)" m/s® HEATHLED, 7E 215~ 355 WAFEATE
B HER 3 HETHE 10s, W1 T4 428, T
10s~30s A EUBIEEE [—5,5)" m/s® BEATHLE), 76
3ls~42s WAEAIEIZF); Hir 4 AT 20s,
T T2 508, 'BAE 20s~30s WAEAIHIZE), 7F
31s~50s N LUIEE [~10, —5]" m/s® PEATHLE).

1EZ i GM-CBMeMBer JE77 81, k W%
i HTTEBEQ&%&E*%% /\%ﬂél%%‘%ﬂ RFS,

mrpjj T (Ye) = {(Trkapm(mka”k))}f’ e,
rih = 0.04, 1Y) = r?’}c = 0.02, p) (k1) =
hi“,)k(nk)/\/(xkymé)mpr r) H m(FIL = [—600, 800,

0,0,0,0]", mt, = [0,-800,0,0,0,0], mF; =

200 400 600 8001000
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[400, —400, 0,0,0,0]", P} = P& = P =
diag{10%,10,10%,10%,102,10%}, {h(;}k(nk)} -
[0.5,0.5].

156, BASTIT N 2 84 GM-CBMeMBer
JEP A A GM-CBMeMBer € 28 4 LE %,
HrpEEDCRH CV BEA, (H i R A A 248
oly = 1m/s’. 7EIXHA GM-CBMeMBer JEi %
b, TR TR A 7 onreshola = 0.001, TXT
TR AT GM I, 2 MERTTA 1077, &
IFEREA 4m, GM B KM ECR Jnax = 100.
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Trajectory estimates of multiple-model
GM-CBMeMBer filter
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.

4~ 7T ERT & 500 WEFRK
(Monte Carlo, MC) /i 32513 J5 Z 4 GM-
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Fig.4  Model probability estimates for Target 1 vs. time
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Fig.5 Model probability estimates for Target 2 vs. time

PLE 4 EER T 25 GM-CBMeMBer JE7¥
PAE H AW ZI BE 05 A ROt BT B D) e, Al 5
H b S iz 2l AH DT ECRE R R AR Ak v 5 AL, Xt
ZHEEA B BT GM-CBMeMBer JE7 2% 845 4
M 5E %2 HLAN B s ERERAT 55 1 £ 25 AL H i EE
0] G H ML Bl I 220 A8 78 1 D) 46 75 S — e R I ) (O
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(1% 58 GM-CBMeMBer JE3#: 2878 H brblLzh & 4=
B 20 AT B A Vi 25 AH S H bR AR B LT I 5 A I

KHHE— S 2 88 GM-CBMeMBer JEJ %%
PIPERE, BB IL S 2 B GM-PHD JE3 45 1
i GM-CPHD JE¥ sy 34T LLie. X FJEmE, m
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K 8 ~ 10 735l 78 T 48 500 & MC )i B 5256 -
¥IJa = #H M 2 B AN BT e AR UE % (Standard
deviation, STD) kil []22 1k it Zk.

f LA E 3 BRI, 78 H bR A BOR R A HLE I,
ZH 2 H AR B T A8 A T O i H %
TEHSE. R, HZ A GM-CPHD JE3; 25 3k15
(1% H b N BUEFARE 2 B/, H 2 AR GM-
CBMeMBer J83% 2% 3K15 192 H AR AN B0l v (10 b5 e
FEIZ., HEZ BN GM-PHD JE3 283543112 H AR
AL TE bR ZE k. X EEE T2 A CPHD
YE I A% RS AT DL HE A 3 8 BR ) 2 WL H AR
(I E 40 A1, 218 CBMeMBer & #5 1) 5 4
&3 2 WLl H AR 00 A 0 2 A SR, 2 i
PHD 8% &5 W0 32 #E A% 328 22 ML 30 H PR AN 200 A 16
—BAEI AL (BPXAE). T3 48, 75 BARHLBh I %1, 4
Wi 16s, 21s Ml 31s 4b, =& HARNEUSTF AR HE
Ze A AR 3K, Joh 2 818 GM-PHD 3§
WA Ko W3, 28 GM-CPHD JE 45X
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Fig.8 Target number estimates and their STD from
multiple-model GM-PHD filter
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Fig.9 Target number estimates and their STD from

multiple-model GM-CPHD filter

LTS (Optimal sub-pattern assign-
ment, OSPA) PR &5 I 1 & M 2 B7 55095 1) ik
TR ZE. gy AL T 2 HARIRS RS
X = {x "} BXy = (@), R AT
p =2 ) OSPA g n] & L h: & Ty, < Ty, 4

c % 1 =~
Ty,

1
min min(c, ||:B,(;) — .’i;(:(z))|\2)2>> i (54)

¥ Tw > Tp, M4 OSPAY (X, Xy) =
OSPAS) (Xx, Xy). Ty, FmMEA (1,2, T3} 10
AHEBIA, || - ||, FORI 2 J5RL, ¢ TR R

WiHE, T FH T4 OSPA BE Bt H b5 AN B0 T H i 22
IR . A EH, 42 c=100m.
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W5 A N T 2 A GM-PHD JE 3% 25 1 #E 2.
T 6T 15 T LU AH T A 1 3 S (4810 i) e g
PV 22 T 20 Y0 850 55 AF RS 388 e, S NARE %6 A AR,
Z iR GM-CBMeMBer 3£ 28 8 A, &1
PR RS B IR T 248 GM-CPHD J&ik 28, B 2L
TZ B0 GM-PHD JE#4s. IR, R 1~3 bk
2B MHT 38354, BT e 23 T4 ¢
A 22 WLl H b B B S0, DRI I 24 0 Mg s s v 22
TRIT 2t 90 ¢ AR Yo 5 A TS ARG 00 E 2 A X 2 v B, i
KRB R 5, SE e Re a5 =3 k2, £
P OCIR ) ST 4% 5 W 18 n, T 30 1 R ER M e I
FER R, A ERRT 28 GM-PHD 3E¥
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KT XTI 4 PPy vk BEAT S A T R 5 L A4y
Br, R T F¥IE0 T ke ) CPU I W]t e
IS /. T 50k PC HLY CPU
4 1.83 GHz AMD Athlon (tm) XP 2500+, P17
J 512 MB. 45% 0,, = 10m, pp = 0.95, % 4 il
500 ¥k MC B4 T 4 HIN T EL CPU eI
(PSS (]3I RE N, 2840, B 4 & rade A nr
HI, 45908 Aoy 1 0y M pp KA 4 2 10H N
[ 41 AUANAR

=4 Ui B R R ETE R, RE £
A GM-CBMeMBer JET 2% 1) BR Bk BE AT 2 45
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Z ), AHE T EARAN G 2N T 5 W B KA
NG, 1 2 B GM-CPHD JE 3% #8101 5L AR 4
LR T AW LI KA R, 54k, i
GM-PHD 1% #i# GM-CPHD & % 2% 75 R &4t
BOD AT T BRI R, Bk, Ak EiH
A 7 T AL A3 2 8 SMC-CBMeMBer &
TELAH L 2 A SMC-PHD Fl1£ #% SMC-CPHD

JEW AR I BT, R, R4 8 e, X+ £
P MHT JE9% 4%, A0 % R, T
() B4y 37 S b, Nk, e SR T
W= ez, Lm0 B %1
o, SECE R EAN B, HE& KT 2
GM-PHD JE#i 4, /N T Z B8 GM-CPHD JE ¥
ey

R 1 5 o = 10m, pp = 0.95 I, 4 FIMTFH OSPA Fip5 (m) b A. (0754
Table 1 The time-averaged OSPA distances (m) of the four algorithms versus A given o, = 10m and pp = 0.95

Ae = 20 Ae = 40 Ae = 60 Ae = 80 Ae = 100
LM GM-PHD JE3 28 22.8 28.2 34.5 40.9 47.1
L% GM-CPHD JEU% 7% 20.0 24.8 30.3 36.7 41.9
Z % GM-CBMeMBer JEJ 2 22.6 27.4 32.1 37.6 42.4
AR MHT 380 18.3 24.2 31.1 38.9 48.0

2 AT A =20, pp = 0.95 I}, 4 FHIN ) OSPA B (m) B o 045 1L
Table 2 The time-averaged OSPA distances (m) of the four algorithms versus o, given Ac = 20 and pp = 0.95
Om = 10m Om = 156m Om = 20m Om = 26m om = 30m
Z A GM-PHD 4% 22.8 31.2 42.6 52.4 63.2
Z iR GM-CPHD & 2% 20.0 27.9 38.5 48.1 57.9
Z B GM-CBMeMBer £ 22.6 29.7 39.1 48.6 58.3
ZRR MHT 38 4% 18.3 27.6 38.8 50.9 63.8

£3 U A =20, o = 10m I, 4 FHTIFE OSPA BB (m) B po M2
Table 3 The time-averaged OSPA distances (m) of the four algorithms versus pp given A = 20 and o,, = 10m

pp = 0.95 pp = 0.85 pp = 0.75 pp = 0.65 pp = 0.55
LB GM-PHD J& 5% 22.8 36.6 52.1 67.0 82.1
LBiM GM-CPHD i e 20.0 33.7 49.0 63.1 76.7
£ B GM-CBMeMBer 3§53 22.6 36.2 51.3 63.7 77.2
LM MHT ik 18.3 33.4 49.4 66.5 84.5

*4 BT om =10m, pp = 0.95 I, 4 F &L CPU FEIN NI (s/22) B A (31K
Table 4 The average CPU processing times per step (s/step) of the four algorithms versus A given
om = 10m and pp = 0.95

Ae =20 Ae =40 A = 60 Ac =80 Ae = 100
Z 1A GM-PHD JE4% 0.21 0.28 0.37 0.48 0.61
Z KA GM-CPHD £ 3% 0.75 1.26 1.89 2.60 3.39
Z 155 GM-CBMeMBer JEi 3% 0.18 0.24 0.30 0.37 0.44
Z B MHT 84 0.09 0.17 0.34 0.59 0.97
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Jy TAEIERE 1 RIS 2, ¥ ST B4 H T A

3138 Al. GEEGHENERE F, Q, P fllfE m, M
QM P NIEE MR, A AL

/J\/’(a:;Fx’,Q)N(m’;m,P) dz’ =
(A1)
N

(x; Fm,Q + FPFT)

3138 A2. fHEE SR H, R, P FlnEm, H
R AP N IE MR, AR AR

N (z; Hz, R) N (z;m, P) =

~ A
/\/’(z;Hm7R+HPHT)N(a:;ﬁL7P) (42)
Hrh
K=PH"(HPH" + R)™!
m=m+ K(z— Hm) (A3)
P=(I-KH)P
EIE 1 BYIERR.
= (9) Az (22) AT 33 (24) A1 (25). N HTE

RS EIRE
B (26)~(29). HR¥EH

(26) SRR (3R (13)) BAR R (21)
A (23) W
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I (k1) -
psk(ne-1) [ X w2 (n-1)x
(i9) = (i,4) (A4)
N <$k71§mkil(nk71)ypk;1 (nkfl)) drr_1 =
J(i) N _
k—l( k 1) (1])

> psk(ne—1)w Y (ne-1)
j=1

SO (19) LK SIEE 1 A

<fk\k—1(-’l"k|‘7nk)7ﬁ§:11("nk—1)ps,k(',nk—1)> =
N (s P, Ax(ne) Qe (ne) (Ax(ne)) ") x
I ()

> @) (ne—1)ps .k (nr—1) X
j=1

N (xkfumgf’_jf (ni—1), P (nkfl)) dzp—1 =
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EIE 2 AYIERR.
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j=1
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S w7 (ks k) X
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