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The Gaussian Mixture Probability Hypothesis Density Filter and
Its Application to Multi-Target Tracking

LV Xue-Bin ZHOU Qun-Biao CHEN Zheng-Mao XIONG Yun-Yu CAI Kui

(College of Computer, Key Laboratory of Foundamental Science for National Defense, Sichuan University ., Chengdu 610064)

Abstract A algorithm based on random sets and point process theory is proposed for jointly esti-
mate the time-varying number of targets and their states. The main contributions include:
(1) Analyze multi-target tracking model based on random finite sets; (2) The Probability Hy-
pothesis Density recursive formulas are deduced based on random sets and point process theory;
(3) A analytic implementation of the Probability Hypothesis Density Filter is proposed under the
linear Gaussian assumptions; (4) Two simulation results validate GMPHD performance and then
compare GMPHD and JPDA performance under clutter and detection probability change;

(5) Point out some the algorithm’s lack and research direction.
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The random finite set framework has recently emerged
as a promising approach to multi-target tracking. Modeling
set-valued states and set-valued observations as RFSs allows
the problem of dynamically estimating multiple targets in the
presence of clutter and association uncertainty to be cast in a
Bayesian framework. This theoretically optimal approach to
multi-target filtering is an elegant generalization of the sin-
gle-target Bayes filter. Novel RFS-based filters such as the
Probability Hypothesis Density (PHD) filter, and its imple-
mentation have generated substantial interests.

The focus of this paper is the PHD filter. a suboptimal
but computationally tractable alternative to the multi-target
Bayes filter. In PHD filtering, this combinatorial problem is
circumvented by propagating only the first order moment of

the multi-target posterior. However, the PHD recursion in-
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volves multi-dimensional integrals that generally do not have
closed-form solutions. Current PHD filter implementations
are based on sequential Monte Carlo (SMC), a numerical in-
tegration method that can accurately approximate the PHD
recursions given a sufficiently large number of particles. Due
to its ability to handle the time-varying number of nonlinear
targets with relatively low complexity. innovative extensions
and applications of the SMC-PHD filter soon followed.

This paper proposes an analytic algorithm to the PHD
recursion for linear Gaussian target dynamics with Gaussian
births. The main contributions include: (1) Analyze multi-
target tracking model based on random finite sets; (2) The
Probability Hypothesis Density recursive formulas are de-
duced based on random sets and point process theory; (3) A
analytic implementation of the Probability Hypothesis Densi-
ty Filter is proposed under the linear gaussian assumptions;
(4) Two simulation results validate GMPHD performance
and then compare GMPHD and JPDA performance under
clutter and detection probability change; (5) Point out some

the algorithm’s lack and research direction.



