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ABSTRACT
Object tracking in the video sequence is a challenging task
because of its various applications in video compression, video
surveillance, robot technology etc. Several object tracking
methods exist in spatial and wavelet domain, to work with rigid
and non-rigid object boundaries. Spatial domain tracking
techniques are not accurate as well as they are slow and this is a
major reason why wavelet domain tracking methods are getting
popular. Real-valued wavelet transform suffers from shift
sensitivity producing inaccurate object tracking. In this paper,
we proposed a novel object tracking method using Daubechies
Complex Wavelet transform (DaubCxWT). Use of this
transform is suitable to track the object from video sequences
because of its approximate shift-invariance nature. Tracking of
object in the first frame is done by computing the Daubechies
complex wavelet coefficients corresponding to the object of
interest and then matching energy of these coefficients to the
object neighborhood, in Daubechies complex wavelet domain,
to perform the tracking in the next consecutive frames. The
proposed method needs only complex wavelet coefficients for
tracking and hence it is simple in implementation and tracks
object efficiently.
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1. INTRODUCTION
The object tracking in video sequences is a problem of
estimating the position and other relevant information of
moving object. The main difficulties in reliable tracking of
moving object include: rapid appearance changes caused by
image noise, illumination changes, size and shape changes,
occlusion cluttered background and interaction between
multiple objects. In computer vision applications [1,2] object
tracking is one of the challenging problem which receive the
considerable attention by the research community in the past
decade due to its wide range of potential applications in
medical imaging [3], recognition and interpretation of objects
in a scene [4], video surveillance [5-8], target detection and
identification [9] etc.
Several algorithms had been proposed to solve the problem of
tracking [10,11]. Every tracking method requires an object
detection mechanism either in every frame or when the object
first appears in the video sequence. A common approach for
object detection is to use information of single frame. However,
some object detection methods make the use of temporal
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information captured from sequence of frames [10, 12] to
reduce number of false detections. This temporal information is
usually in the form of frame differencing which highlights
changing regions in the consecutive frames. Given the object
regions in the image, it is the task of tracker to perform
correspondence from one frame to the next, to generate the
tracks. This type of tracking is known as region based tracking
[7] and it requires number of parameters such as object size,
color, shape, velocity, etc. which involves an increased
computational cost. Use of feature based tracking techniques is
the solution to avoid or at least minimize the computation of
these many parameters. In this paper, we present a feature
based object tracking mechanism which requires some heuristic
to select the object feature. Various spatial and frequency
domain techniques are used for this purpose, but the recent
trend is to use wavelet transform.
Although, the discrete wavelet transform (DWT) provides a
fast, local, sparse and decorrelated multiresolution analysis of
images but it suffers from several serious disadvantages like
shift-sensitivity [13, 14] and poor directionality [15]. Several
researchers have provided solutions to minimize these
disadvantages. The use of complex wavelet transform is one of
the solutions to overcome these shortcomings. Several complex
wavelet transforms like dual tree complex wavelet transform
(DTCxWT) [16, 17], projection-based complex wavelet
transform [18], steerable pyramid complex wavelet transform
[19], etc. have been proposed to reduce effect of shortcomings
of DWT. However, these transforms are approximate shiftinvariant but all of them use real filters, making them not a true
complex transform. These transforms are also computationally
costly because of their redundancy. In this paper, we tried to
minimize computational cost by using the Daubechies complex
wavelet transform [20, 21] which also preserves the
approximate shift-invariance property and is true complex
wavelet transform as it uses complex valued filters in place of
real valued filters.
In the proposed tracking algorithm, we have used the
Daubechies complex wavelet coefficients as feature of object
and only this feature has been used to track the object in video
sequences. The proposed method of tracking does not require
any other parameter except complex wavelet coefficients. The
use of single parameter makes the tracking accurate and
efficient.
The rest of paper is organized as follows: section 2 introduces
the Daubechies complex wavelet transform, the usefulness of
Daubechies complex wavelet transform in tracking is described
in section 3, and the proposed algorithm is given in section 4.
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The section 5 focuses on the experimental results and finally,
the conclusions are given in section 6.

2. DAUBECHIES COMPLEX WAVELET
TRANSFORM (DaubCxWT)
The scaling equation of multiresolution theory is given by:

 ( x)  2 ak (2 x  k )

(1)

k

where ak are the coefficients. The ak can be real as well as

a 1

k
complex valued and
. Daubechies‟s wavelet bases
{ψj,k(t)} in one dimension are defined through the above
scaling function and multiresolution analysis of L2(R). To
provide general solution, Daubechies considered ak to be real
valued only. If we consider ak and ϕ both to be complex valued
as well, we will get Daubechies complex wavelet transform.
The construction details of Daubechies complex wavelet are
given in [21].

The generating wavelet ψ(t) is given by:

 (t )  2 (1) a1n (2t  n)
n
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Here ψ(t) and

 (t )

share the same compact support [−N, N

+ 1].
Any function f(t) can be decomposed into complex scaling
function and mother wavelet as:
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where j0 is a given resolution level,
and
known as approximation and detailed coefficients.
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Daubechies Complex Wavelet Transform (DaubCxWT) has
reduced shift-sensitivity. The reduced Shift-sensitivity of
DaubCxWT in shown is Fig. 1. Fig. 1(a) shows the input signal
and its shifted form by one sample, Fig. 1(b) shows high pass
wavelet coefficients of the original signal and the shiftedsignals using DWT and Fig. 1(c) shows the magnitudes of the
corresponding high-pass wavelet coefficients. Fig. 1 clearly
illustrates that the real valued wavelet transform is highly shiftsensitive whereas CxWT has approximate shift-invariant
nature. Our observation on DaubCxWT coefficient reveals that
the magnitudes of the wavelet coefficients vary slightly with
input shift while the phase vary rapidly. That is, there is an
unpredictable change in the phase of wavelet coefficients with
input shift. This is illustrated in Fig. 1(d).

Fig. 1: (a) Original signal and the shifted signal by
one sample, (b) High-pass wavelet coefficients of the
original and the shifted signal using db4 wavelet, (c)
High-pass wavelet coefficient magnitude and (d)
Phase of the original and shifted signal using SDW6
complex wavelet

3. USEFULNESS
OF
DAUBECHIES
COMPLEX WAVELET TRANSFORM
IN OBJECT TRACKING
On the basis of properties of Daubechies Complex Wavelet
transform (DaubCxWT), we observed following advantages of
Daubechies Complex Wavelet transform (DaubCxWT) for
object tracking in video sequences:
i.)

ii)

iii)

iv)

The linear phase property of Daubechies Complex
Wavelet transform (DaubCxWT) keeps the shape of the
signal which is very important in object tracking
applications and therefore it reduces the false tracks of
the object.
The symmetric property of complex-valued filter [22]
makes it easy to handle the boundary problems for the
finite length signals.
Daubechies Complex Wavelet transform (DaubCxWT)
can act as local edge detector. The imaginary part of the
complex wavelet coefficients represents strong edges
whereas the real components represent only some of the
stronger edges. This helps in preserving the edges and
implementation of edge sensitive tracking models.
Daubechies Complex Wavelet Transform (DaubCxWT)
has reduced shift-sensitivity. A transform is shiftsensitive if an input signal shift causes an unpredictable
change in the transform coefficients. As the tracker
moves through the frames of the video, the reconstruction
using real valued Discrete Wavelet transform (DWT)
coefficients changes drastically, while the complex
wavelet transform reconstructs all local shifts and
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orientation in the same manner. Therefore, use of
Daubechies Complex Wavelet transform (DaubCxWT)
quickly and accurately finds boundaries of object in next
frames.

4. THE
PROPOSED
TRACKING ALGORITHM

OBJECT

A video sequence contains a series of frames. Each frame can
be considered as an image. If the algorithm can track moving
object between two frames then it will be able to track object in
video sequence. In the proposed algorithm it is assumed that the
frame rate is adequate and the size of the object should not
change between adjacent frames. Complete algorithm is given
as below -

Frame #1
Centroid (214, 194)

Frame #2
Centroid (214,194)

Step 1: If frame_number = 1;
We draw a square bounding_box around the object with
centroid (c1, c2) and compute the
energy of Daubechies
Complex Wavelet coefficients corresponding to the object, say
Energy as
Energy =

(i,j)∈bounding _box

where wcoeffi,j are the
coefficients at (i, j)th point.

wcoeffi,j

2

Frame #5
Centroid (214, 194)

Frame #10
Centroid (214,194)

Frame #15
Centroid (215, 189)

Frame #20
Centroid (187,222)

Frame #25
Centroid (182, 206)

Frame #30
Centroid (209, 191)

Daubechies complex wavelet

Step 2: for frame_number = 2 to end_frame do
Search_region=64 (in pixels)
for i = -search_region to + search_region do
for j = -search_region to + search_region do
c1_new = c1+i; c2_new = c2+j;
make a bounding_box with centroid (c1_new, c2_new)
compute the difference of energy of the wavelet coefficients of
bounding_box, with Energy, say Di, j
end
end
find minimum of {Di, j} and its index, say (index_x, index_y)
c1 = c1+index_x; c2 = c2+index_y
update the bounding_box in the current frame with centroid
(c1,c2)and energy of bounding_box, Energy as
2
Energy = (𝑖,𝑗 )∈𝑏𝑜𝑢𝑛𝑑𝑖𝑛𝑔 _𝑏𝑜𝑥 𝑤𝑐𝑜𝑒𝑓𝑓𝑖,𝑗
end

5. EXPERIMENTS AND RESULTS
In this section we show the experimental results of the proposed
algorithm. We implemented tracking algorithm described in
section 4 on various video clips. For two representative video
clips of frame size 288 by 352 and 240 by 360 respectively, the
results are shown:

Fig. 2: Tracking of Object in the stuart video clip

Experiment#1:

Experiment#2

The tracking algorithm is applied in the „stuart.avi‟ video clip
of frame size 288 by 352 and the tracking results are observed
on various consecutive frames. The centroid of the object
window at each frame is computed and recorded which is
shown in the corresponding frames. The tracking results for this
clip are shown in Fig. 2.

The proposed tracking algorithm is applied in the „Sample.avi‟
video clip of frame size 240 by 360 and the tracking results are
observed on various consecutive frames. The centroid of the
object window at each frame is computed and recorded which
is shown in the corresponding frames. The tracking results for
this clip are shown in Fig. 3.
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