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Abstract: The multi-Bernoulli filter propagates approximately the multi-target posterior density so that solving target
tracking problem and extracting target state based on random finite set are more tractable. Considering a state space model
whose state can be divided into linear and nonlinear part, this paper analyzes the Rao-Blackwell theorem based filtering
algorithm. Then, using the corresponding algorithm of decorrelation of state noises, we presents the filtering formula for
linear state. Moreover, this paper proposes a Rao-Blackwellized particle cardinality balanced multi-target multi-Bernoulli
filter. This algorithm firstly implements the particle filtering for multi-Bernoulli nonlinear state, and the filtering formula
of multi-Bernoulli linear state is derived afterwards based on the nonlinear filtering result. The proposed filter can sample
particle in a lower dimensional state space and improve the overall target tracking performance. The simulation results of

the multi-target tracking show the effectiveness of the proposed approach.
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5 Z5WF1EE (Conclusions and future work)
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FEM T T RN 7 S 72 L RBUER S5 2, DAtk Ry
FRfE T RBPF-CBMeMBerJ&l %, il £ HARER
ER S A5 R, i REIR S 1 2 H bR ER R
PAREREEERE, BEA AT BEIE. N A ST R,
TE4 Ja i TAE T, vl ) AR T4 e 45 HRBAZ KL
FJE U 25 (kernel particle filter, KPF)SZHL. [FIE, H 2R
A 455 &R B0 PFEESS H Ul [fRBPF-CBMe-
MBer €U #5 SEHUE . 78 BARERER R, ]
WF 72 F] FIRBPF-CBMeMBerji€ i #5% i #f H #5(group
targets, GT)F14" J&(extended targets, ET) H #x221HE AT
HREE.

B 3k (References):

[1] MAHLER R P S. Advances in Statistical Multisource-Multitarget In-
formation Fusion [M]. Norwood, MA: Artech House, 2014: 120 —
122.

[2] MAHLER R P S. Multitarget Bayes filtering via first-order multi-
target moments [J]. IEEE Transactions on Aerospace and Electronic
Systems, 2003, 39(4): 1152 — 1178.

[3] MAHLER R P S. PHD filters of higher order in target number
[J1. IEEE Transactions on Aerospace and Electronic Systems, 2007,
43(4): 1523 — 1543.

[4] MAHLER R P S. Statistical Multisource Multitarget Information Fu-
sion [M]. Norwood, MA: Artech House, 2007: 655 — 667.

[S] VOBT, VOB N, CANTONI A. The cardinality balanced multi-target
multi-Bernoulli filter and its implementations [J]. JEEE Transactions
on Signal Processing, 2009, 57(2): 409 — 423.

[6] CHONG N, WONG S, VO B T, et al. Multiple moving speaker track-
ing via degenerate unmixing estimation technique and cardinality bal-
anced multi-target multi-bernoulli filter (duet-cbmember)[C] //Pro-
ceedings of the 9th Intelligent Sensors, Sensor Networks and Infor-
mation Processing (ISSNIP). Singapore: IEEE, 2014, 4: 1 -6.

[71 HOSEINNEZHAD R, VO B N, VO B T, et al. Bayesian integra-
tion of audio and visual information for multi-target tracking using
a CB-MeMBer filter [C] //Proceedings of the 2011 IEEE Internation-
al Conference on Acoustics, Speech and Signal Processing (ICASSP).
Melbourne: IEEE, 2011, 5: 2300 — 2303.

[8]1 YANG J L, GE H W. An improved multi-target tracking algorithm
based on CBMeMBer filter and variational Bayesian approximation
[J]. Signal Processing, 2013, 93(9): 2510 — 2515.

[9] ZHANG G, LIAN F, HAN C. CBMeMBer filters for nonstandard
targets, I: Extended targets [C] //Proceedings of the 15th Internation-
al Conference on Information Fusion (FUSION). Salamanca: 1IEEE,
2014,7: 1 -6.

[10] ZHANG G, LIAN F, HAN C. CBMeMBEer filters for nonstandard tar-
gets, II: Unresolved targets [C] //Proceedings of the 15th Internation-
al Conference on Information Fusion (FUSION). Salamanca: IEEE,
2014,7: 1 -6.

[11] SARKKA S, VEHTARI A, LAMPINEN J. Rao-Blackwellized par-
ticle filter for multiple target tracking [J]. Information Fusion, 2007,
8(1): 2—-15.

[12] LI B. Multiple-model Rao-Blackwellized particle CPHD filter for

multitarget tracking [J]. Nonlinear Dynamics, 2015, 79(3): 2133 —
2143.

[13] LEE S M, JUNG J, KIM S, et al. DV-SLAM (dual-sensor-based
vector-field SLAM) and observability analysis [J]. IEEE Transactions
on Industrial Electronics, 2015, 62(2): 1101 — 1112.

[14] DOUCET A, FREITAS N D, MURPHY K P, et al. Rao-blackwellised
particle filtering for dynamic bayesian networks [C] //Proceedings
of the 16th Conference on Uncertainty in Artificial Intelligence. San
Francisco, CA: 2000, 43(2): 499 — 515.

[15] NORDLUND P J, GUSTAFSSON F. Marginalized particle filter for
accurate and reliable terrain-aided navigation [J]. IEEE Transactions
on Aerospace Electronic Systems, 2009, 45(4): 1385 — 1399.

[16] KARLSSON R, SCHN¢6 T, GUSTAFSSON FE. Complexity analysis
of the marginalized particle filter [J]. IEEE Transactions on Signal
Processing, 2005, 53(11): 4408 — 4411.

[17] DOUCET A, GORDON N J, KROSHNAMURTHY V. Particle filters
for state estimation of jump Markov linear systems [J]. IEEE Trans-
actions on Signal Processing, 2001, 49(3): 613 — 624.

[18] GUSTAFSSON F. Adaptive Filtering and Change Detection [M].
New York: Wiley, 2000: 451 — 460.

[19] HOY C, LEE R. A Bayesian approach to problems in stochastic es-
timation and control [J]. IEEE Transactions on Automatic Control,

1964, 9(4): 333 —339.

[20] SCHUHMACHER D, VO B T, VO B N. A consistent metric for per-
formance evaluation of multi-object filters [J]. IEEE Transactions on
Signal Processing, 2008, 56(8): 3447 — 3457.

[21] LI X R, JILKOV V P. Survey of maneuvering target tracking. Part I:
Dynamic models [J]. IEEE Transactions on Aerospace and Electronic
Systems, 2003, 39(4): 1333 — 1364.

[22] LI Cuiyun, WANG Rong, JI Hongbing. Multiple extended-target
tracking based on variational Bayesian cardinality-balanced multi-
target multi-Bernoulli [J]. Control Theory & Applications, 2015,
32(2): 187 -195.

(FRRZE, B2, Wik, T30 UM i 91 2 B r 205541k
B2y HARERERH I (0] I 3E 5B, 2015, 32(2): 187 -
195.)

e R4

Br & (1978-), 55, BIZER, FEWTFUIT A8 HARIRERAIfE k2%
¥ E-mail: huich78 @hotmail.com;

BRI (1943-), 59, #o%, WLAE SO, BT IR A2 IE
RGBS S & RS SRV ARE 2 4T, E-mail: czhan@

mail.xjtu.edu.cn.



