
A Robust Occlusion Judgment Scheme
for Target Tracking Under the Framework

of Particle Filter

Kejia Liu, Bin Liu(B), and Nenghai Yu

Key Laboratory of Electromagnetic Space Information Chinese Academy of Sciences,
School of Information Science and Technology,

University of Science and Technology of China, Hefei, People’s Republic of China
flowice@ustc.edu.cn

Abstract. In traffic surveillance system, it is still a challenging issue to
track an occluded vehicle continuously and accurately, especially under
total occlusion situations. Occlusion judgment is critical in occluded tar-
get tracking. An occlusion judgment scheme with joint parameters is
proposed for target tracking method based on particle filter. A corner
matching method is utilized to improve the accuracy of target position
and velocity estimation due to structure information, thus obtain a more
accurate weight value which can reflect the real target’s status. By ana-
lyzing the internal relation between the weight value and the particles
distribution region based on resample function of particle filter, a new
parameter with good performance is proposed to improve the occlusion
detection efficiency.
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1 Introduction

Object tracking in video has been an active research since more than decades ago.
The interest is motivated by numerous applications, such as surveillance, human-
computer interaction, and robots navigation [1]. Although target tracking has
been investigated intensively, there are still many challenges, such as occlusions,
appearance changes, nonrigid motions, background clutter, etc. Among many
challenges in tracking problem, occlusion is one of the most critical issues since
it is not straightforward to generalize and model occlusions [2].

A robust target tracking algorithm should be able to detect occlusion status
accurately and timely, and keep on tracking the target using the remaining
information, which can also predict the target’s position reasonably even if the
target is totally occluded.

Among the various occluded target tracking strategies, e.g., using multi-
ple cameras [3], training classifier [2], template matching [4], Kalman filter [5],
particle filter (PF) [6,7], Mean Shift [8], etc., PF-based tracking algorithms have
c© Springer International Publishing Switzerland 2015
Y.-J. Zhang (Ed.): ICIG 2015, Part I, LNCS 9217, pp. 423–433, 2015.
DOI: 10.1007/978-3-319-21978-3 37



424 K. Liu et al.

been proved to be an effective method for target tracking [9] and is simple, robust
and easy to implement [10], especially for vehicle tracking in traffic surveillance
scenario with real-time requirement.

In tracking algorithm based on PF, numbers of particles in form of rectan-
gular box are generated to search for target in a certain range according to par-
ticles’ weight value representing their color feature’s similarity to the template.
The greater the similarity, the higher the weight. The reference template updated
frame by frame might be contaminated by occlusions without proper occlusion
detection. As an important part of PF-based tracker, prediction procedure han-
dling total occlusion is often triggered according to an occlusion judgment result.
An unreasonable occlusion judgment also deteriorates accuracy of location and
velocity estimation, thus degrades tracker’s performance.

Researchers have proposed various occlusion judgment method in video track-
ing base on particle filter. Mao et al. [7] divided target into several patches and
judged occlusion by number of matched corners in each patch. However, judg-
ment is adversely affected if corners are unavailable in one of the patches. Mei
et al. [11] explored the trivial template coefficients for the occlusion detection.
Nevertheless, the above two methods aim to part occlusion but not full occlusion.
Yin et al. [12] calculated occlusion probability by patch matching method, and
distinguished appearance change and occlusion by Bayesian discriminating func-
tion. But it is time cost to acquire right patch with matching method. Gunawan
et al. [13] developed a tracking algorithm based on bootstrap PF and color fea-
ture by using nonretinotopic concept and they judged occlusion by calculating
the sum of color feature similarity. Scharcanski et al. [6] proposed an adaptive
particle filter (APF) algorithm, which can handle non-occlusion and total occlu-
sion respectively by defining two different PDFs to generate particles. They also
detected occlusion by calculate the similarity between the target and the tem-
plate based on color feature. Nevertheless, the accuracy of similarity is limited
due to randomness of particle’s position generated by Bayes’ rule and using color
feature which discards structure information of target. Moreover, the reliability
of a single parameter is susceptible without complementary parameters which
implicates occlusion occurrence information.

Corner features, which implicate structure information of object are robust
to partial occlusion and illumination, have strong complementarity to color fea-
tures. ORB [16] which is created based on Rotation-Aware BRIEF and Ori-
entation FAST corner can represent corner rapidly and steadily. Feature from
Accelerated Segment Test (FAST) [14] is a corner detector which detects FAST
corner by comparing the intensity value between candidate pixel and the circle
pixels with certain radius around it. Binary Robust Independent Element Fea-
ture (BRIEF) [15] is a bit string description of a image patch constructed from
a set of binary intensity tests. In [16], Oriented FAST (OFAST) is presented by
orientating FAST corner with intensity centroid of image patch, while Rotated
BRIEF (RBEIEF) is proposed by improving BRIEF with a greedy search algo-
rithm. Oriented FAST and Rotated BRIEF (ORB) can then be obtained by
constructing RBRIEF on OFAST.
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In this paper, we propose a robust occlusion judgment scheme which adopts
corner matching method to improve location accuracy and then obtain a more
accurate weight value which represents target status objectively. In addition,
a new parameter is created and used in the occlusion judgment scheme to detect
occlusion reliably and timely.

Our main contributions are:

(1) An occlusion detection mechanism with joint parameters is designed. The
proposed method which is composed of multiple parameters with complemen-
tarity is more sensitive to occlusion, has higher discriminability in identifying
occlusion status and thus enhance the reliability of occlusion judgment.

(2) A corner matching method is utilized to obtaining precise position as
well as parameters such as similarity and weight value, which can reflect target’s
status more accurately and improve occlusion detection efficiency.

The occlusion detection method of APF is firstly reviewed in Sect. 2, then we
describe corner matching method and the proposed occlusion judgment scheme
in Sect. 3. In Sect. 4, the experimental results are discussed and the conclusions
are given in Sect. 5.

2 Review of Occlusion Judgment in APF

Scharcanski et al. [6] proposed an adaptive particle filter (APF) algorithm with
two tracking mode. Target is tracked by particles obeying the two-dimensional
Gaussian distribution and the target’s velocity is estimated under non-occlusion.
For total occlusion cases, they predicted the object position by particles obeying
a joint Normal-Rayleigh bivariate PDF and use the estimated velocity as the
parameter of Rayleigh distribution. Let cit = [xi

t, y
i
t] denote the center coordinate

of the particle’s rectangular box in image coordinates and use it to represent
the particle. Here i = 1, 2, ..., N means the particle number and t is the frame
number.

An occlusion judgment is also designed to switch tracking mode under dif-
ferent occlusion status and described as follows.

Let ΦPF denote the PF’s tracking result, a rectangular box with center coor-
dinate calculated by weighted average of all cit in the t th frame. Φup

PF denotes
the tracking result of the previous frame, and the template is represented by Φ0.
Let φt, φt−1, φ0 denote the color histogram of ΦPF , Φup

PF , Φ0 respectively.
Similarity of color histogram is calculated using the Hellinger distance written

in terms of the Bhattacharyya coefficient:

ξa,b = dB(φa,φb) = 1 − BC(φa,φb). (1)

It’s correspondingly weight is defined as:

wa,b = exp(−λ × ξ2a,b). (2)

where λ is a weight coefficient usually in the range of [12, 20].
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Let wt,0 and wt,t−1 denote the correspondingly weight of ξt,0 and ξt,t−1 and
wpfm is the minimum of the two weight values:

wpfm = min(wt,0, wt,t−1). (3)

Thus the occlusion judgment model is designed by comparing wpfm to a pre-
defined threshold. If wpfm is lower than the threshold, a total occlusion judgment
is made. Otherwise, it is regarded as non-occlusion status.

There are two demerits in APF. First of all, due to structure information
deficiency discarded by color features and limitation of PF’s positioning accuracy,
the weight value might have weak correlation in representing target status and
low occlusion judging quality. Secondly, detecting occlusion is usually unreliable
according to single parameter with unsatisfactory separability under different
occlusion status, as shown in Fig. 1.

In Fig. 1, we generate the PDF of wpfm based on the video with 30 pixels ×
18 pixels target vehicle and an artificial occlusion of 10 pixels width. We classify
values of wpfm into two parts according to occlusion status and acquire their
PDF respectively. The classified PDF indicates that it is hard to distinguish
them clearly with a single threshold due to the fact that two type of weight
values tangle with each other.
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Fig. 1. The classified PDF under two occlusion status

Positioning accuracy and utilization of reliable parameters are helpful in
improving occlusion judgment performance. By adopting corner matching
method to obtain a more accurate position of target based on ΦPF , a more
robust occlusion judgment method with joint parameters is proposed based on
particle behavior analysis.



A Robust Occlusion Judgment Scheme for Target Tracking 427

3 The Proposed Occlusion Judgment Scheme

In this section, we present the method of getting preciser target position and
weight value, propose a new parameter with good character and the occlusion
judgment scheme.

3.1 Precise Positioning Based on Corner Matching

As single representation of target, color features used in APF discard structure
information, while corner features including structure and position information
of object is complementary to color features.

The positioning accuracy grade of PF is limited but always fluctuates in
a certain range. Therefore, an ORB-based corner matching method helps to
acquire a higher accurate target position through matching corners between
ΦPF and Φ0.

After OFAST corners are respectively detected in ΦPF and Φ0 by corner
detection method in [16], two groups of OFAST corners are matched by calcu-
lating the similarity coefficient of their ORB descriptors [16]. OFAST corners are
fitted if their ORB similarity exceeds a predefined corner matching threshold.
Figure 2 illustrates the corner matching result.

Fig. 2. OFAST corner matching result based on ORB similarity

With the two groups of fitted corners and their coordinates, the target scale
can be estimated by comparing the largest external rectangular of two sets of fit-
ted corners. Then, a more accurate position of target can be calculated based on
center coordinate of Φ0 and the average coordinate of the fitted-OFAST corners
in Φ0 and ΦPF , which is represented by ΦCM . Let ξcm denotes the similarity of
ΦCM and Φ0 and measured by Bhattacharyya coefficient, the correspondingly
weight wcm is given by:

wcm = exp(−λ × ξ2cm). (4)
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3.2 Occlusion Judgment Scheme with Joint Parameters

During PF’s tracking process, particles with higher weight, which means they
close to the tracked target, will be reserved and surround the target, and those
with lower weight are discarded. Let PDR denote the area covered by these
reserved particles in current frame, thus it can be calculated by:

PDR =
1
N

N∑

i=1

(|xi
t − xpf | + |yi

t − ypf |). (5)

where [xpf , ypf ] denote the center coordinate of ΦPF . Quantitatively analysis
results show that PDR and wcm have strong negative correlation. Thus we can
define a new parameter PPW as:

PPW = PDR × wcm. (6)

PPW and wcm are quantitatively analyzed based on video with artificial
occlusion in which the target vehicle is a rectangular box with 30 pixels width
and 18 pixels height. The classified PDFs of wcm and PPW under occlusion
ratio with 33 %, 66 % and 100 % are illustrated in Fig. 3, respectively.
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Fig. 3. The classified PDFs of wcm and PPW under different occlusion ratio

As we can see from Fig. 3, the classified PDF of wcm is similar to wpfm,
where two type of weight values tangle with each other, thus makes distinction
works difficult. While PPW obeys normal distribution basically and has an
excellent separability in occlusion status under different occlusion ratio due to
high accuracy of wcm in representing target and sensitivity of PDR to occlusion.
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Therefore, by joining using three parameters PPW , wcm and wpfm, the
occlusion judgment scheme with joint parameters is proposed and illustrated in
Table 1.

Table 1. Occlusion judgment scheme with joint parameters

Current status Conditions Judgment result

Under non-occlusion status 1© PPW < Tppw Occlusion is
happening if
one of the
three
conditions is
satisfied

2© wcm < min(Tw, wcm(t-4:t-1))

3© wpfm < min(Tw, wpfm(t-4:t-1))

Under total occlusion status 1© wcm > max(Tw, wcm(t-4:t-1)) Occlusion is
disappearing if
one of the two
conditions is
satisfied

2© wpfm > max(Tw, wpfm(t-4:t-1))

PPW is only used to judge whether an occlusion is happened under non-
occlusion status because PDR under occlusion tracking mode has a fixed pat-
tern without target information, and thus make PPW a meaningless variable.
wcm can precisely reflects the target status when effective corners exists. wpfm

implicating general information about target is still reserved in case that cor-
ners are unavailable. The values of wcm and wpfm in the last four frames are
also considered since they include variation trend information when occlusion is
happening or disappearing. Combination of these parameters can provides more
comprehensive information about the target and is beneficial to correct occlusion
judgment.

4 Experimental Result

All experiments are run on a PC with an Intel Core E7500CPU@2.93GHz. The
programming language is MATLAB. We choose two different video sequences as
testing sequences, rp9901.avi and rp6401s.avi, as shown in Fig. 4. In the rp9901
sequences, the frame size is 1920× 1080 pixels and a green taxi with 102 pixels
width and 101 pixels height is partially occluded by the street lamp and totally
occluded by the guidepost. In the rp6401s sequences, the frame size is 640× 480
pixels and a red car with 28 pixels width and 24 pixels height is partially occluded
by the light pole and then totally occluded by guidepost.
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(a) (b)

Fig. 4. Frameshots in experimental videos

We first compare the tracking accuracy and the occlusion judgment para-
meters between the proposed scheme and the APF. As shown in Fig. 5(a) and
(b), the proposed scheme outperforms the APF for both sequences due to the
fact that the corner features containing structure information are used and a
more appropriate occlusion judgment scheme is adopted. We now get into the
details of occlusion judgment parameters as shown in Fig. 5(c) and (d). Occlu-
sion transition is denoted by perpendicular dotted lines. We scale the threshold
Tppw with suitable factor to make the parameters comparable with an uniform
threshold. Both wcm and wpfm are closed to each other under non-occlusion
status while wcm is obviously lower than wpfm under occlusion status, which
implicates that wcm is more accurate as a parameter for occlusion detection
since totally occluded target is supposed to have lower weight when occlusion
and target have different appearance.

We can also see from Fig. 5(c) and (d) that, due to the contribution of PDR,
PPW could amplify the response of weight clearly and thus predict an occlusion
timely and stably. The accuracy of weight and sensitivity of PDR make PPW
a steady and reliable parameter in occlusion judgment, which is in accordance
with PPW ’s separability as shown in Fig. 3.

Except for corner matching mechanism, the proposed occlusion judgment
method can also improve positioning accuracy by detecting occlusion earlier than
the single parameter model, thus improve the robustness of tracking algorithm.

Positioning error curves of APF based on two occlusion judgment methods
are compared in Fig. 6. Occlusion transition is denoted by perpendicular dotted
lines with the same color to their correspondingly curves. The positioning error
of APF during the occlusion tracking mode, i.e., between the coupled dotted
lines, is obviously lower due to the proposed method.

As shown in Fig. 6(a), the proposed occlusion judgment scheme detects occlu-
sion in the 38th frame which is two frames earlier than APF’s, and the cor-
respondingly occlusion ratio is less than 70 %. The similar thing happens in
Fig. 6(b). On one hand, timely occlusion judgment prevents further deteriora-
tion of positioning accuracy, thus helpful in capturing target when occlusion
disappearing. On the other hand, it is reasonable to judge total occlusion during
50 % and 70 % occlusion ratio for a moving target as vehicle, since such judg-
ment occasion can avoid hasty erroneous judgment caused by slight occlusion and
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Fig. 5. Positioning error and the correspondingly occlusion judgment parameters
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Fig. 6. The impact of two occlusion judgment models on positioning accuracy of APF
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positioning accuracy deterioration caused by serious occlusion as much as pos-
sible. Whereas, wpfm usually make effective detection when target is occluded
more than 80 % in both sequences, as a result, positioning error increases due to
an tardy judgment.

5 Conclusions

A robust occlusion judgment scheme with joint parameters is proposed to detect
occlusion timely and steadily. The accuracy of target positioning is improved by
ORB-based corner matching due to precise structure information, and a more
reliable weight value is obtained which is more accurate in representing target
than that of PF’s. We also propose a stable parameter with excellent separability
in identifying occlusion status. The use of parameters with steadily characters
and higher accuracy enhance the reliability of occlusion judgment and improve
the tracking algorithm’s robustness.
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