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Abstract

Video-based target tracking is a challenging task, be-
cause there always appears to be complex occlusion
among the varying number of objects. Also, in prac-
tice, it is very common that the objects in a scene move
irregularly with abrupt turns, which results in an in-
teresting heavy-tailed phenomenon. As simulation has
to run exceptionally long enough to capture the effect
of the distribution tail, it is arduous to simulate heavy-
tailed distribution. In this paper, we propose a new view
to target tracking from a heavy-tailed perspective, es-
tablishing a simple but novel Multivariate Laplace Fil-
ter (MLF) tracking model, which efficiently and accu-
rately describes the heavy-tailed issue and dramatically
surmounts it. Some experimental results show the good
performance of the proposed method.

1. Introduction

Visual target tracking is a challenging task. The main
difficulty is that a large varying number of objects with
irregular speeds entering and leaving a scene, creating
the complex interaction and occlusion in the cluttered
scene. And the abrupt turns of moving objects bring
about a heavy-tailed issue, which has long been ne-
glected by researchers..

In the past few years, the particle filters have been
considered to be a powerful tool for target tracking. It
builds a state space model, which generalizes the tradi-
tional Kalman filter methods and bridges the state space
and measure space in a vivid manner. A tutorial on
particle filters by Arulampalam et al.[1], has reviewed
both optimal and suboptimal Bayesian algorithms for
tracking problems that are highly non-linear. Before
Okuma et al. [2], researchers have merely focused on
a solid proposal distribution for sampling at all times.
A learned Adaboost proposal mechanism (BPF) advo-
cated by them is robust to the peaked likelihood. How-
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Figure 1. Marginal log histograms of stan-
dard derivative for a natural image. The
histograms are shown in solid blue; a fit
with a Gaussian is shown in dashed red.

ever, particle filters may perform poorly when the com-
plex interaction and occlusion occurs. In fact, both of
[1, 2] can be treated as a Gaussian mixture model frame-
work, which is a special case of Gaussian Scale Mixture
(GSM) [3] and can not effectively picture the intrinsic
properties while imaging. In [4], they address an orig-
inal game-theoretic multiple target tracking algorithm,
where each individual tracker is devoted to optimizing
its own objective. But they are not conscious of the ab-
normal heavy tails.

Many empirical studies have noticed that the statis-
tics of the natural photographic images or other sig-
nals exhibits a type of non-Gaussian heavy-tailed be-
havior, e.g. [3, 5, 6]. The fact is that neighboring pix-
els have similar intensities, while significant disconti-
nuities arise quite frequently. Fig.1 shows the marginal
statistically important response of a natural image. For
tracking problems, heavy tails may arise while trackers
move steadily for a period of time and then turn sud-
denly. Gordon et al. [7] have found that the missile tra-
jectories exhibit this type of features. However, to our
best knowledge, most of those previous works on track-
ing have not explicitly tackled the heavy-tailed issue.









Figure 4. Tracking [hockey player] for frame #1, 33, 41, 50 and 62, MLF trackers (1st row) and
Kalman trackers (2nd row). There are obvious errors in the 2nd row, but not in the 1st row

obtained with the proposed method.

targets with different color information, we only take
into account the physical displacement relation between
frames. The displacement is robust to distinguish from
the hockey players. Our results are presented below.

In our model, two parameters need be parameterized,
>, and X,. Here, we take them as diagonal matrices,
which are robust to complicated scenes. On the side,
the parameters of the noise which matches the new ob-
servation can be updated with the EM-like method.

Since the hockey players share the similar skin tones
and they often move irregularly with abrupt turns, it
is very likely that Kalman-Levy filter fails to track as
shown in the 2nd row of Fig.6. [2] has demonstrated
that BPF does not work in this case, either. For our pro-
posed method, to solve the problem, we utilize heavy
tails to picture those characteristics. From a probabil-
ity perspective, the heavy-tailed issue is a low proba-
bility event, as discussed above. Fig.6 demonstrates our
standpoints. Before the 41st frame, there is no occlusion
or abrupt turns, and both the methods can accurately
track the target. After frame 41, MLF method can still
follow the athletes with complicated occlusions, while
Kalman-Levy filter cannot. In addition, our algorithm
can be realtimely implemented.

5. Conclusion and future works

In this paper, we address a new perspective of heavy
tails applied to target tracking problem. It involves
modeling the state and the measure in a heavy-tailed
manner. And this simple system has been successfully
used to serve for those tracking movement targets with
abrupt turns and complicated occlusions in real data
set, achieves real-time performance. In the future, we

will be devoted to developing better motion models and
tracking multitarget based on heavy-tailed assumptions.

ACKNOWLEDGEMENT This work is supported
by research funds of NSFC No0.60572043 and the
NKBRPC No.2004CB318005.

References

[1] M.S.Arulampalam, S. Maskell, N. Gordon and T. Clapp.
A tutorial on particle filters for on-line non-linear/ non-
Gaussian Bayesian tracking. IEEE Trans. On Signal Pro-
cessing, 50(2): 174-188, Feb. 2002.

[2] K. Okuma, A. Taleghani, N. D. Freitas, J. J. Little, and D.
G. Lowe. A boosted particle filter: multitarget detection
and tracking. In ECCV, pp. 28-39, May 2004.

[3] M.J. Wainwright and E. P. Simoncelli. Scale mixtures of
Gaussians and the statistics of natural images. NIPS, pp.
855-861, 2000.

[4] Ming Yang, Ting Yu, and Ying Wu. Game-theoretic mul-
tiple target tracking. /CCV, 2007.

[5] Stefan Roth and Michael J. Black. Steerable random
fields. ICCV, 2007.

[6] T. Eltoft, Taesu Kim and Te-Won Lee. On the multivari-
ate Laplace distribution. IEEE Signal Processing Letters,

Vol. 13, NO.5, pp. 300-303, May 2006.

[7] N. Gordon, J. Percival, and M. Robinson. The Kalman-
Levy filter and heavy-tailed models for tracking manoeu-
vring targets. Information Fusion, Proceedings of the
sixth International Conference, pp. 1024-1031, 2003.

[8] RobertJ. Adler, Raisa E. Feldman, and Murad S. Taqqu,
editors. A practical guide to heavy tails: statistical tech-
niques and applications. Birkhguser, Boston, 1998.

[9] S. Kotz, T. J. Kozubowski, and K. Podgérski. The
Laplace distribution and generalizations: a revisit with
applications to communications, economics, engineer-
ing, and finance. Birkhauser, Boston, 2001.



