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Abstract

The main goal of this paper is to develop a robust visual tracking algorithm with particle filtering. Visual
Tracking with particle filter technique is not easy task due to cluttered environment, illumination changes. To deal
with these problems, we develop an efficient observation model for target tracking with particle filter. We develop
a robust phase correlation combined with motion information based observation model for particle filter
framework. Phase correlation provides straight-forward estimation of rigid translational motion between two
images, which is based on the well-known Fourier shift property. Phase correlation has the advantage that it is not
affected by any intensity or contrast differences between two images. On the other hand, motion cue is also very
well known technique and widely used due to its simplicity. Therefore, we apply the phase correlation integrated
with motion information in particle filter framework for robust tracking. In experimental results, we show that

tracking with multiple cues based model provides more reliable performance than single cue.

1. Introduction

There are many methods which have been proposed for
object tracking. Recently, Particle filter provides a robust
tracking framework as they are neither limited to linear
systems nor require the noise to be Gaussian [1,2,3]. In order
to develop an efficient object tracking algorithm with particle
filter, we represent the target object with multiple cues.

Target Representation is mostly a bottom-up process
which has also to cope with the changes in the appearance of
the target. The main contribution of this paper is to introduce
a new framework for efficient tracking of non-rigid objects.
In this work for target representation use the Motion
combined with Phase correlation algorithm.

Phase correlation is a method of image registration, and
uses a fast frequency-domain approach to estimate the
relative translative offset between two similar images, which
is based on the well-known Fourier shift property. Phase
correlation has the advantage that it is not affected by any
intensity or contrast differences between the two images.

Motion information takes the differences between two frames.

It used for it’s simplicity and computationally efficient.
Therefore, Combination of Phase Correlation and Motion
information can track the object efficiently rather than
individual cue.

The rest of the paper organized as follows: section 2,
describes describe the basic framework of this work; 3,
introduce the particle filter technique; section 4, describes the
Propose work of this research; experimental results presented
in section 5, finally, in section 6 we draw the conclusions.

2. Basic Framework

There are major four steps for particle filter based object
tracking such as initialization of particles, weight calculation,
determine the optimal location based on weight value and
Resampling. In the initialization step it randomly generates
some number of particles around the target object. In weight
calculation step, it calculates every weight based on
observation model. After calculating the weight values, it
determines the optimal location of next state. Finally, in
Resampling step, the system eliminates the particle with
lower weight. Figure 1 show the basic frame work of
particle filter based tracking

Particle Filtering Loop

Select the particles with
highest weight values

Objectis initialized
manually

Generate particles
around objects

Select the particle with
highest weight which is
considered as the
optimal location

(alculate the weight
values based on
similarity measurement
madel

(Figure 1) The Basic four step of tracking

-552 -



st=db
=

H|382| Sh=E Hx2|sts| FA|

E0i3 =28

H193 25 (2012, 11)

3. Particle Filter

Particle filter are effective for solving state space
estimation when the state equation is non-linear and the
posterior density is non-Gaussian. It is a technique for
implementing recursive Bayesian filter by Monte Carlo
sampling. The key idea is to represent the posterior density
by a set of random particles with associated weights and to
compute estimates based on these samples and weights [6].
For any filtering theory there are two major steps one is
prediction and another one is update. The particle filter
also consists of these two steps [4,5].

In order to develop the details of the algorithm, let assume
given observations Yi.i_1 = {Yq, - s e wr, Y1:e_1} Up tO time
t-1, the prediction uses transition model to predict the
posterior at time t as

p(Xy|Yi—1) = fp(x1|xt—1) P(Xq|Yie-)dXeoy (1)
And update as follows:
_ p(VelX)p(XelY1:e-1)
p(thylt) - p(Yt|Y1:t—1) (2)
Where p(Y|Yi-1) = [PY el X)pX¢lY1.e-1)dX; and X,

is object location. The basic idea of particle filter is to
approximate p(X.|Y;.,) using a set of random sampling
(particle) {X},i=1,..N} with associate weights {w{,i =
1,..N}. The candidate samples X;‘are drawn from an
important distribution p(X;|X;.._q,Y;..) and the weight of the
samples are-

p(ve|xe p(x5HIX(,
qa(Xe|X1.4-1)

i
t—1

(€))

The weights are assigned according to the similarity of target
object and reference object. In resampling step, the system
eliminates particles with lower weight and chooses more
particles in more probable regions.

4. Propose Approach of This Research

We develop a visual tracking algorithm with Particle filter
based framework. In this section, describe the propose
technique and the experimental results for several video
sequences. In our research, we develop a similarity
measurement model with multiple cues such as Phase
Correlation and Motion information.

A. Phase Correlation Based Model

Phase correlation provides straight-forward estimation of
rigid translational motion between two images, which is
based on the well-known Fourier shift property [7]. Let given
2D functions I;(x,y) and I,(x,y) representing two
images related by a simple translational shift («,f). Then we
can write this by the following relation

L(x,y) =L(x—ay—p)) 4)

The Corresponding Fourier Transforms (FT) of both
images can be denoted by I;(u,v) and I,(u, v). Thus we
can be expressed it by the following equation

L(w,v) = I;(w,v) exp{~i(au + fb)} )

Therefore, a shift in the spatial domain will produce a
phase difference in the frequency domain. The phase
correlation is defined as the normalized cross power

spectrum between IA1 and IAZ which can be written by the
following equation

L), )"

S(u,v) = |2 (wv),[1 (wv)*|

= exp{—i(au + Bb)} (6)

The Phase Correlation function is finally obtained by
taking the Inverse Fourier Transform (IFT) of the cross-
power spectrum. The Phase-Correlation algorithm is briefly
explained in papers [7,8].

Phase-based local features perform better than some others
approach when dealing with common illumination changes,
2D rotation, and sub pixel translation [9]. Therefore, we use
this technique in our work to develop robust visual tracking
algorithm. Let the reference template image and the target

input image can be written as @y and a’é respectively.
Equation can be written by
i\ — TN 52
QU(“T' “é) = Yimi(ar —a;) @)
Particle i* with the maximum total similarity is determined
as:
i* = argymax ¢(ar, af) (8)

Where, Particle i* with maximum total similarity score
is considered the optimal location of current target object.

B. Motion Based Model

Many algorithms have been suggested to solve the
problem of motion detection, In this paper, the moving pixels
are identified with thresholding the temporal difference
between the frames.

In our approach, to measure the amount of change in some
time interval is the variance. Further, we apply an
exponentially decaying weight (window) to the pixel values
to save computation and memory. This is easily computed by
the recursive filter

m(i,j,t) = am(i,j,t—1) + (1 — o)x(,j,t) )
m,(i,j,t) = omy(,j,t— 1) + (1 — a)x2(i,j,t) (10)
62(i,j, ) = my(4,j,t) + m2(,j,t) (11)

Where: where: x(i,j,t) is the intensity, m(i, j, t)is the
first moment, m,(i,j,t) is the second moment and
62(i,j,t) is the variance at pixel (i, j) at time t, a is the
decay rate, that can be rewritten with respect to the filter
window size N as:
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Moving target detection can be achieved by thresholding
this variance. The briefly description of this approach can
found in paper [10][11].

C. Integrated Framework

Measurement
with Phase

correlation )
Best location

gither motion
or Phase
correlation.

Measurement
with both of

these

techniques
Measurement

with Motion
information

(Figure 2) Diagram of Integrated Frame work

The motivation for integrated framework comes from the
inability of a single cue to fully describe the object and
therefore its inability to achieve accurate and robust results. A
general framework is introduced for the integration of
multiple cues such as Phase Correlation and Motion
information in our work. The final equation for integrated
framework can be written as follows:

Y =S(u,v) + 6%(i,j, t) (10)

Y is the best location; obtain by both Phase correlation and
Motion information. S(u,v) and o2(i,j,t) are the phase
different between a images and variance at pixel (i,j) at
time t.

5. Experimental Results

(Figure 3) The first raw represent the only Phase Correlation
based Particle filter and the second raw represent the Phase
Correlation integrated with Motion based Particle filter.

In the experimental results as shown in figure 3, the
background is quite complex and two persons walk together
and cross each other several times. In our first
experiment as shown in figure 3, we use this video sequence

to compare between the individual cue phase correlation
based model and Phase Correlation integrated with Motion
based model. From this figure we can see, Phase Correlation
integrated with motion based model are tracking well
compare to the individual cue phase Correlation based model.

6. Conclusion

In this paper, we have formulated the framework for
moving object tracking with particle filter based tracker. The
visual tracking has been implemented with particle filter due
to its non-linear and non Gaussian properties

The performance of particle filter based object tracking
algorithm is depended with object representation or
observation model because the occlusion problem is
correlated with the observation model. So, we propose a
model to represent the object for efficient tracking. The
multi-feature benefits from its complementary characteristic
rather than single feature. That is, as one feature is not
reliable, the tracker can rely on other features. Therefore, in
our system the motion information is also consider as a
secondary cue to develop an observation model. Adopting
multi-feature to represent objects along with gathering Phase
correlation and motion information improves distinctiveness
of object between backgrounds.
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