
A New Multi-target State Estimation Algorithm for

PHD Particle Filter

Lingling Zhao, Peijun Ma, Xiaohong Su, Hongtao Zhang
School of Computer Science and Technology

Harbin Institute of Technology
Harbin, China.

zhaolinglinghit@126.com

Abstract – Probability hypothesis density (PHD) fil-
ter is a new practical method to solve the unknown
time-varying multi-target tracking problem. Particle fil-
ter implementation of the PHD filter has demonstrated
a feasible suboptimal method for tracking multi-target
in real-time. To obtain the target states, the peak-
extraction from the posterior PHD particles needs to
be implemented. A new state estimation method is
proposed in this paper, which doesn’t need to extract
the PHD peaks. The method provides a single-target
PHD expression derived from the updated PHD equa-
tion. The single-target PHD is approximated by the
particles and their weights relevant to the observation.
Thus the target states can be directly estimated from
the single-target PHD sequentially. Simulation results
demonstrate that the new algorithm provides more ac-
curate state estimations and is more efficient than the
traditional multi-target state estimation methods such
as k-means clustering algorithm.

Keywords: multi-target tracking, PHD particle filter,
multi-target state estimation.

1 Introduction
Multi-target tracking is a challenging state estimation
problem when the number of targets is time-varying
and unknown, observations are corrupted by noise and
some of them may be false alarms due to clutter. The
positions of the targets can be estimated by assigning a
separate filter to each target [1], and a model-data asso-
ciation [2] is needed to assign the measurements to their
corresponding targets. Another method is to represent
the full joint distribution of targets through Bayesian
approaches, which is often computationally expensive,
especially when the number of targets is large. Proba-
bility hypothesis density (PHD) [3] devised by Mahler is
an alternative to solve the problem by propagating the
first moment of the joint distribution instead of the joint
distribution itself, and meanwhile avoids data associa-
tion because no target identity information is required
to keep.

The interval of the PHD over any region S gives the
estimated number of targets that are in so that the PHD
can directly estimate the number of targets. However,
in general, the PHD recursion equations do not admit
a closed-form solution. Two approaches have been pro-
vided to the implementation of the PHD filter, i.e. the
particle filter and its variations for the implementation
of the PHD filter [4-7] and the Gaussian Mixture PHD
(GM-PHD) filter [8, 9]. In the particle-filter implemen-
tation, the PHD is represented by a set of particles and
their corresponding weights propagated forward at each
iteration step according to the given state-space model.

Since the PHD filter only produces an intensity
function estimates, peaks of the PHD need to be ex-
tracted as the target states. The k -means cluster-
ing and expectation-maximization (EM) algorithm [10]
have been proposed to extract the target locations from
the PHD. However, EM algorithm, in which the poste-
rior particle distribution is approximated by a mixture
of Gaussians has been found to have poor performance
and high computational complexity. Another peak ex-
traction technique has been devised by M Tobias [11],
and it exploits the property of the PHD that it in-
tegrates to the expected number of targets. This al-
gorithm has a comparable accuracy with the k-means
clustering algorithm.

This paper proposes a new multi-target state esti-
mation method for the PHD particle filter. Different
from the usual peak-extraction algorithms and clus-
tering analysis technique, the proposed algorithm di-
vides the estimated PHD into several sub PHDs, called
single-target PHD, in weight domain. Furthermore,
target positions are estimated sequentially from these
single-target PHDs instead of PHD. This method pro-
vides better performance than the usual multi-target
state estimation algorithms for the PHD particle filter,
such as the k -means and Tobias’ peak extraction algo-
rithm.

The remainder of the paper is organized as follows.
In Section 2 we give a general background on the parti-



cle PHD filter, and peak extraction algorithm is repre-
sented in section 3, simulations and results are provided
in section 4. Finally, section 5 concludes the paper.

2 Background
This section provides a formulation of the PHD fil-
ter and its implementation based on particle filter for
multi-target tracking.

2.1 Multiple target filtering model

In multi-target tracking problem, the number of targets
in surveillance region is usually time-varying and un-
known; meantime, their states and observations evolve
in time, too. Therefore, the states of Tk tracked targets
at time k can be naturally represented as a random set
Γk = {xk,1, xk,2, ..., xk,Tk

}, where xk,i is the state of an
individual target. Similarly, mk measurements can be
given by a random set Zk = {zk,1, zk,2, ..., zk,Mk

}, where
zk,i is an observation from a target or due to clutter.
Then the goal of multi-target filtering is to estimate the
target states and the number Tk at time step k based
on the observation collection Z1:k = {Z1, Z2, ..., Zk}.
2.2 PHD filter

The PHD is the first-order moment of multi-target pos-
terior density. Let Dk|k denote the PHD. The PHD fil-
ter involves a prediction step and an update step, and
the prediction operator is defined by

Dk|k−1 = γk(x) +
∫
φk|k−1(x, xk−1)Dk−1|k−1dxk−1

(1)
where γk is the intensity function of a newborn tar-
gets and φk|k−1(x, xk−1) = PS(xk−1)fk|k−1(x, xk−1) +
bk|k−1(x, xk−1), with bk denoting the PHD of a spawned
target, PS denoting the probability of target survival
and fk|k−1(x|xk−1) denoting the transition probability
density of the single-target motion [4]. Dk|kis updated
by the following equation:

Dk|k =
[
υ(x) +

∑
z∈Zk

ψk,z(x)
κk(z) + 〈Dk|k−1, ψk,z〉

]
Dk|k−1

(2)
In (2),υ(x) = 1 − PD(x) , with PD(x) denoting the
probability of detection. ψk,z = PD(x)g(z|x), where
g(z|x) is the single-target likelihood function. κk(z)
is the PHD of the clutter RFS and κk(z) = λkck(z),
which means that the clutter points in the surveillance
region follow a probability distribution ck(z)and the av-
erage number of them per scan is λk.Finally the nota-
tion 〈D(k|k − 1), ψk,z〉 =

∫
Dk|k(xt|Z1:t)ϕ(xk)d(xk).

With the new measurements received, the PHD is
propagated forwards recursively. But in the prediction
step and update step there are still multiple integrals
without closed-form expressions in common [5], so par-
ticle filter is exploited for the implementation of the
PHD.

2.3 PHD particle filter

A particle filter implementation of the PHD filter was
devised in [5]. The algorithm can be briefly described
by the following stage. Here the PHD is represented
by a collection of particles and their associate weights
{xi

k, w
i
k}Lk

i=1, where k is the time step and Lk denotes
the number of particles at time k. Suppose that there
are Lk−1 particles and weights {xi

k−1, w
i
k−1}Lk−1

i=1 at
time k− 1, which are predicted forward to time k, and
Jk new particles are added to describe the PHD of the
newborn targets. When the new measurements are re-
ceived, the particle weights are updated and the PHD
at time k is given by {x̃i

k, w̃
i
k}Lk−1+Jk

i=1 . The number of
targets can be estimated by T̂k = round(

∑Lk−1+Jk

i=1 w̃i
k),

where round(
∑Lk−1+Jk

i=1 w̃i
k) is the nearest integer to∑Lk−1+Jk

i=1 w̃i
k. When implementing the resampling

step, note that the new weights {wi
k}Lk

i=1 sum to N̂k|k
instead of 1 and the number of new particles Lk = T̂k ·ρ,
where ρ is the number of particles assigning for a target.
Lk is not always equal to Lk−1 + Jk. The k -means or
EM algorithms are used for the state estimation based
on the particles after the resampling step in common.

3 Multi-target state estimation
This section provides a novel multi-target state estima-
tion based on the particle representation of the PHD.
The idea is to decompose the particle weights according
to observations at each iteration and estimate each tar-
get state independently. In section 3.1, a brief review
is given on PHD state estimation methods.

3.1 Multi-target state estimation based
on cluster analysis

In resampling step of the particle PHD filter, the parti-
cles with low weights are eliminated and particles with
high weights are multiplied, thus, the new particles fo-
cus on the important zones of the space. Cluster anal-
ysis techniques, such as the k -means algorithm, are im-
plemented to separate these particles into homogeneous
clusters. In this method, a cluster denotes a subset of
particles associated with a same target, and the centers
of the clusters denote the estimated target states. The
k -means algorithm can provide reliable estimates only
when the particles associated with different targets are
dispersive to each other and the initial cluster centers
are reasonable.

EM algorithm is another cluster analysis method
used to extract the target locations from the PHD in the
literature [10]. It fits the PHD by a mixture of Gaus-
sians and considers the mean and the covariance of a
Gaussian as an estimate of target state. It is found to
have the following problems: high computational cost,
singular covariance matrix output sometimes and low
tracking accuracy when the PHD does not accord to a
Gaussian mixture distribution.



Different from clustering analysis techniques, Tobias’
peak extraction algorithm makes use of the integral
properties of the PHD. In Tobias’ peak extraction al-
gorithm, peaks are extracted directly from the approx-
imated PHD, i.e. samples and their associate weights
{x̃i

k, w̃
i
k}Lk−1+Jk

i=1 .

3.2 Multi-target state estimation based
on single-target PHD

PHD filter estimates multi-target state by extracting
multiple peaks from the PHD. It is substantially to de-
compose the estimated PHD into several parts, each of
which is regarded as a posterior density of a single tar-
get. EM algorithm and the k -means algorithm decom-
pose PHD only depending on the distribution of parti-
cles and the property of the PHD itself is not consid-
ered at all. EM, the k -means and Tobias’ peak extrac-
tion algorithm estimate targets according to the same
principle: partition the PHD that is approximated by
{x̃i

k, w̃
i
k}Lk−1+Jk

i=1 into sub-groups, and then extract tar-
get states from these sub-groups.

3.2.1 single-target PHD

We propose a novel partition method which is different
from the above mentioned algorithms. Before discuss
this method, we give the description of the single-target
PHD.

Suppose Tk−1 targets exist in the surveillance re-
gion at time step k − 1, and the PHD at this scan is
Dk−1|k−1(x|Z1:k−1), which is approximated by particles
and their corresponding weights {x̃i

k−1, w̃
i
k−1}Lk−1

i=1 . As-
sume that Mk observations are obtained and Tk targets
exist in the surveillance region at time k. Via the PHD
particle filter, the approximated PHD at time k can be
represented by {x̃i

k, w̃
i
k}Lk−1+Jk

i=1 , where

w̃i
k =

[
υ(x̃i

k) +
∑

zk,j∈Zk

ψk,z(x̃i
k)

κk(zk,j) + Ck(zk,j)

]
w̃i

k|k−1 (3)

Now consider the following scenario. Besides the Tk

targets, an additional target exists in the region at this
time step k, then, some changes will happen to the PHD
at time k.

Firstly, particles x̃i
k and their predicted weights

w̃i
k|k−1 remain unchanged since no variation appears

in the prediction step. In the update step, another ob-
servation zk,Mk+1 due to the additional target is col-
lected with the detection probability PD(x). Denote
D∗

k|k(x|Z1:k) as the new PHD, w̃i∗
k as the new posterior

weights. If zk,Mk+1 is not received by the sensor, the
PHD filtering will beunchanged, so w̃i∗

k,1 = w̃i
k, and this

happens with the probability υ = 1−PD(x); otherwise,
zk,Mk+1 is received by the sensor with the probability

PD(x), in this case,

w̃i∗
k,2 =

[
υ(x̃i

k) +
∑

zk,j∈Zk

ψk,z(x̃i
k)

κk(zk,j) + Ck(zk,j)

]
w̃i

k|k−1

+
g(zk,Mk+1|x̃i

k)
κk(zk,Mk+1) + Ck(zk,Mk+1)

w̃i
k|k−1

(4)

and
w̃i∗

k = (1 − PD(x̃i
k))w̃i∗

k,1 + PD(x̃i
k)w̃i∗

k,2 (5)

Thus,

w̃i∗
k =

{[
υ(x̃i

k) +
∑

zk,j∈Zk

ψk,z(x̃i
k)

κk(zk,j) + Ck(zk,j)

]
w̃i

k|k−1

+
g(zk,Mk+1|x̃i

k)w̃i
k|k−1

κk(zk,Mk+1) + Ck(zk,Mk+1)

}
PD(x̃i

k)

+ (1 − PD(x̃i
k))w̃i

k

=
{
w̃i

k +
g(zk,Mk+1|x̃i

k)w̃i
k|k−1

κk(zk,Mk+1) + Ck(zk,Mk+1)

}
PD(x̃i

k)

+ (1 − PD(x̃i
k))w̃i

k

=w̃i
k +

g(zMk+1|x̃i
k)w̃i

k|k−1

κk(zk,Mk+1) + Ck(zk,Mk+1)
PD(x̃i

k)

=w̃i
k +

ψk,zk,Mk+1(x̃
i
k)

κk(zk,Mk+1) + Ck(zk,Mk+1)
w̃i

k|k−1

(6)

Let Δwi
k = w̃i∗

k − w̃i∗
k , then

Δwi
k =

ψk,zk,Mk+1(x̃
i
k)

κk(zk,Mk+1) + Ck(zk,Mk+1)
w̃i

k|k−1 (7)

Therefore, D∗
k|k(x|Z1:k) has the same supporting sam-

ple set{x̃i
k}Lk−1+Jk

i=1 as Dk|k(x|Z1:k), but the weight w̃i∗
k

of each particle is heavier than w̃i
k to a different ex-

tent. Let ΔDk|k(x|zk,Mk+1) denote the difference be-
tween D∗

k|k(x|Z1:k) and Dk|k(x|Z1:k), then

ΔDk|k(x|zk,Mk+1) =
ψk,zk,Mk+1(x̃)Dk|k−1

κk(zk,Mk+1) + 〈Dk|k−1, ψk,zk,Mk+1〉
(8)

Thus, the PHD D∗
k|k(x|Z1:k) representing Tk targets is

equivalent to the sum of PHDDk|k(x|Z1:k) representing
Tk−1 targets and a posterior density ΔDk|k(x|zk,Mk+1)
relevant to a single target, where ΔDk|k(x|zk,Mk+1) is
defined as the single-target PHD for the measurement
zk,Mk+1.

From (2) and (8), we can derive that

Dk|k(x|Z1:k) =
Mk∑
j=1

ΔDk|k(x|zk,j) + ΔDk|k(x|φ) (9)

where ΔDk|k(x|φ) = υ(x)Dk|k−1, which denotes the
intensity from the targets with no measurements re-
ceived. If detection probability PD(x) = 1, ΔDk|k(x|φ)



will be zero. Formula (9) means that the PHD can
be regarded as the sum of Mk single-target PHDs and
a PHD relevant to the targets without measurements,
and each of single-target PHD is relevant to a measure-
ment received at time k. Note that since the measure-
ment zk,j may be due to clutter, the single-target PHD
ΔDk|k(x|zk,j) does not always represent a target poste-
rior density, sometimes ΔDk|k(x|zk,j) is from a clutter
point. Moreover, since a single-target PHD is relevant
to only one observation, if the assume that one obser-
vation is from a target or a clutter point is satisfied, it
will be impossible that one target is divided into more
than one single-target PHDs.

Figure 1 shows the relationship between PHD and its
single-target PHDs with a unity probability of detec-
tion. At this scenario two targets exist in the surveil-
lance region and three observations are received, one
of which are from clutter. Subgraph (a) shows the
PHD approximated by 500 particles (represented by the
dots), and there are one peak with a nearly plat hat.
Three single-target PHDs are shown in subgraph (b),
from which we can find that two single-target PHDs
are sharp and overlap each other, while the other one
is flat and all sub-weights of them are nearly zero. In
fact, the sharp two represent the targets present, which
are in close proximity that the peaks of them merge as
shown in (a). The flat one are from clutter. It is indi-
cated that the target densities are divided naturally by
the single-target PHDs.
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Figure 1: An approximated PHD and its single-target
PHDs

3.2.2 Multi-target state estimation algorithm
based on single-target PHD

Now we can estimate the target states based on the
single-target PHDs. The expected number of targets
present T̂k can be obtained by summing the weights of
all posterior PHD particles and rounding to the near-
est integer as indicated in PHD particle filter. If the

observations received at time step k are corrupted by
clutter, the number of single-target PHDs Mk will be
larger than T̂k. Therefore, we need to find those single-
target PHDs representing the target densities from all
current single-target PHDs. First, we sum of the w̃i,j

k

for each observation zk,j , where w̃i,j
k is the sub-weight

of the ith particle for observation zk,j . Denote the
sub-weight sum associated with observation zk,j as W j

k .
Then, we pick up the T̂k single-target PHDs with the
largest W j

k . These selected single-target PHDs are con-
sidered as the individual target densities. Finally the
target states can be separately estimated from these
T̂k single-target PHDs represented by all the particles
and their corresponding sub-weights. The PHD par-
ticle filter with multi-target state estimation based on
single-target PHDs is described as follows:

At time k ≥ 1,

• Step 1 Prediction

For i = 1, ..., Lk−1, sample x̃i
k from an important

density qk(·|xi
k−1, Zk) and compute the predicted

weights

w̃i
k|k−1 =

φk|k−1(x̃i
k, x

i
k−1)

qk(x̃i
k|xi

k−1, Zk)
wi

k−1 (10)

For i = Lk−1 + 1, ..., Lk−1 + Jk, sample x̃i
k ∼

pk(·|Zk) and the weights of newborn particles

w̃i
k|k−1 =

1
Jk

γk(x̃i
k)

pk(x̃i
k|Zk)

(11)

• Step 2 Update

For each observation zj ∈ Zk,

Ck(zk,j) =
Lk−1+Jk∑

i=1

ψk,zk,j
(x̃i

k)w̃i
k|k−1 (12)

Gi,j
k =

ψk,z(x̃i
k)

κk(zk,j) + Ck(zk,j)
(13)

For i = 1, ..., Lk−1 + Jk,update weights

w̃i
k =

[
υ(x̃i

k) +
∑

zk,j∈Zk

Gi,j
k

]
w̃i

k|k−1 (14)

Meanwhile, compute the sub-weight of each parti-
cle for all observations zk,j

w̃i,j
k = Gi,j

k w̃i
k|k−1 (15)

And the particle sub-weight for the targets without
measurements obtained is

w̃i,0
k = υ(x̃i

k)w̃i
k|k−1 (16)



• Step 3 Resampling.

Compute the sum of particle weights N̂k|k =∑Lk−1+Jk

i=1 w̃i
k, which is the approximated interval

of the PHD over the surveillance region, then the
expected number of targets Tk = round(N̂k|k). Let
the new number of particles Lk after resampling be
T̂k · ρ.
Resample {x̃i

k,
w̃i

k

N̂k|k
}Lk−1+Jk

i=1 to get {xi
k, w

i
k}Lk

i=1,

and the new weight of each particle is N̂k|k
Lk

.

• Step 4 Multi-target state estimation based
on single-target PHDs.

For each observation zk,j , j = 1, ...,Mk, compute
the sum of sub-weights W j

k relevant to zk,j ,

W j
k =

Lk−1+Jk∑
i=1

w̃i,j
k (17)

Compute the sum of sub-weight W 0
k relevant to

targets without measurements:

W 0
k =

Lk−1+Jk∑
i=1

w̃i,0
k (18)

For p = 1 to T̂k,

find the largest W q
k , where q = argjmax(W

j
k )Mk

j=0.
Return ζp,k = wi,q

k · x̃i
k as the pth estimated target

state, where

wi,q
k =

w̃i,q
k∑Lk−1+Jk

i=1 w̃i,q
k

(19)

and then let W q
k = 0.

Remark: The computational complexity of the pro-
posed algorithm is O(TN), where T is the target num-
ber and N is the number of particles, while the k-means
algorithm has a time complexity of O(τTN), where τ
is the number of iterations in the clustering procedure,
and EM algorithm is O(τT 2N).

4 Simulation results
For verification purposes, this section demonstrates re-
sults on estimating target locations from the estimated
PHD. The test scenarios consist of varying unknown
number of targets moving in a 2D region [−100, 100]×
[−100, 100], and the sensor location is (0 − 100)T . The
trajectories have been simulated according to the fol-
lowing Gaussian model:

Xk =

⎛
⎜⎜⎝

1 T 0 0
0 1 0 0
0 0 1 T
0 0 0 1

⎞
⎟⎟⎠Xk−1 +

⎛
⎜⎜⎝
T 2/2 0
T 0
0 T 2/2
0 T

⎞
⎟⎟⎠ vk−1

where T is the sampling period and T = 1. Measure-
ments are generated according to the bearing and range
tracking model:

rk =
∥∥∥∥
(

1 0 0 0
0 0 1 0

)
−

(
0

−100

)∥∥∥∥ + n1,k

θk = arctan(
yk

xk + 100
) + n2,k

where the state vector Xk =
(
xk ẋk yk ẏk

)
, vk,

n1,k, and n1,k are independent zero-mean Gaussian
white noise. Suppose that four targets appear at the
random time steps over time and their positions follow
the intensity function pk = N(·, x̄, Q), where

x̄ =

⎛
⎜⎜⎝

0
3
0
−3

⎞
⎟⎟⎠ , Q =

⎛
⎜⎜⎝

10 0 0 0
0 1 0 0
0 0 10 0
0 0 0 1

⎞
⎟⎟⎠

Clutter follows a uniform distribution with average r
clutters per scan in the surveillance region. Let the im-
portant sampling density qk = fk|k−1, where fk|k−1 is
the state transfer function. Assign 200 particles to an
exist or newborn target. 400 particles are still main-
tained when the expected number of targets is zero.
For simplicity, let detection probability PD(x) = 1.

In order to assess the performance of the proposed
single-target PHD (STPHD) algorithm, we implement
the PHD particle filters with different average clutter
rates, respectively. Within the iteration of the PHD
particle filter, the standard k -means peak extraction
(KPE), Tobias’ peak extraction (TPE) algorithm and
the proposed algorithm is run on the same estimated
PHD to obtain the target states.

The simulated trajectories of four targets are shown
in Fig. 2. and 3. To assess the performance of these

−20 0 20 40 60 80 100
−100

−80

−60

−40

−20

0

20

X(m)

Y
(m

)

 

 
Track 1
Track 2
Track 3
Track 4

Figure 2: Actual trajectories of four targets

algorithms, the Wasserstein distance [12] between the
positions estimates of the multi-target state and ground
truth at each time step is used as a multi-target miss-
distance. Munkres algorithm [13] is exploited to com-
pute the Wasserstein distance. Moreover, the run time
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Figure 3: X and Y components of four true tracks

has been measured for the three estimation algorithms.
The program was run on a PC having 2.28GHz Intel
Core 2 Duo processor and 3G of main memory.

4.1 Example 1

To compare the performance of the proposed algorithm
with the other two peak extraction algorithms when
the approximated PHD provides the correct estimated
number of targets, we suppose there is no clutter (clut-
ter rate r = 0) in this test scenario and implement
the PHD particle filter with these state estimation al-
gorithms for 50 independent Monte Carlo runs. Note
that all these 50 runs have the correct estimated num-
ber of targets in 40 iterations. Figure 4 shows the
average Wasserstein multi-target miss-distance of the
three state estimation algorithms. It is clear that the
proposed algorithm has the significant lower Wasser-
stein miss-distance and provides fewer spurious esti-
mates than the other two algorithms. Fig. 5 shows
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Figure 4: Wasserstein miss-distance over 50 Monte
Carlo runs at r = 0

the true number is just the same as the estimated tar-
get numbers. Fig. 2, 3 and 5 display that three targets
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Figure 5: Actual against estimated number of targets

exist in the surveillance region and are in close proxim-
ity from time 9 to 23, when the k -means algorithm has
a significant larger Wassertein miss-distance than the
other two algorithms.

The average results in terms of Wasserstein miss-
distance and run time of each estimation algorithm are
listed in table 1.

Table 1: Average results over 50 Monte Carlo runs with
r = 0

Algorithm Miss distance error Run time(second)Mean Variance
TPE 3.0269 0.2274 0.1900
KPE 3.9360 0.6159 0.2192

STPHD 2.6152 0.1079 0.0576

4.2 Example 2

In this example, we consider the scenario when observa-
tions are corrupted by clutters. Let the average clutter
rate r=10 points per scan, so some observations may
be due to clutter and the expected number of targets is
incorrect at some observing time. Fig. 6 displays the
error of estimated target number Et, which is calculated
by:

Ek =
1
R

R∑
j=1

‖Tk,j −Nk,j‖ (20)

where Tk,j is the true number of targets at time step
k of the j th Monte Carlo run, while Nk,j is the corre-
sponding estimated target number. And R is the num-
ber of Monte Carlo runs and R = 50. Fig. 7 shows the
Wasserstein miss-distance averaging by 50 independent
Monte Carlo runs.

Similar to example 1, the proposed STPHD algo-
rithm has the lowest miss-distance. Figs. 6-7 show
that both the Wasserstein miss-distance and the error
of estimated target number increase with the clutter
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Figure 6: Error of estimated target number over 50
Monte Carlo runs at r = 10
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Figure 7: Wasserstein miss-distance over 50 Monte
Carlo runs at r = 10

rate. To assess the performance of the proposed al-
gorithm in denser clutter, let the average clutter rate
r = 50. In this case, Figs. 8-9 show an increased er-
ror in the estimated target number and the Wasser-
stein miss-distance. Again STPHD provides better tar-
get positions estimates from table 2 and fig. 9, how-
ever, KPE, TPE, and the proposed STPHD all become
unreliable because of the increased average number of
clutter points.

The average time taken on state estimation using
these three algorithms is listed in tables 1-3. When the
estimated target number is zero, the run time is zero
too, since no estimation algorithms are called. What-
ever the clutter rate r is, the computation time of the
proposed algorithm is much less than the other two al-
gorithms. Overall, the proposed STPHD outperforms
the k -means clustering analysis technique when used to
obtain the multi-target states from the estimated PHD.

Table 2: Average results over 50 Monte Carlo runs with
r = 10

Algorithm Miss distance error Run time(second)Mean Variance
TPE 8.4618 5.5992 1.1604
KPE 7.9756 4.6468 0.1269

STPHD 6.7431 5.5667 0.0210
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Figure 8: Error of estimated target number over 50
Monte Carlo runs at r = 50

5 Conclusions
This paper proposes a new multi-target state estima-
tion algorithm for PHD particle filter. This method de-
composes the estimated PHD into several single-target
PHDs, each of which is relevant to an observation ob-
tained. All the single-target PHDs have the same sam-
ple set as the estimated PHD, and the sum of their sam-
ple weights is equal to the estimated PHD, too. In this
method, target positions are obtained from these single-
target PHDs in weight domain instead of PHD in sam-
ple domain. Simulation results indicate that the pro-
posed algorithm works more accurately and efficiently
than clustering technique.
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Table 3: Average results over 50 Monte Carlo runs with
r = 50

Algorithm Miss distance error Run time(second)Mean Variance
TPE 16.2916 13.1440 1.5373
KPE 14.6893 11.6826 0.3051

STPHD 13.8128 14.3689 0.0574
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Figure 9: Wasserstein miss-distance over 50 Monte
Carlo runs at r = 50
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