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Abstract. This paper describes a method for the moving object detection and 
tracking in video sequences using contourlet transform. For the contourlet 
transform to be translation-invariant a 2D cycle spinning is implemented on 
subbands ∆1 and ∆2. Cycle spinning for edge detection is implemented. The shape 
of object may change from this frame to other frame. The 3D moving object is 
combined two parts: a 2D shape change and 2D motion. The 2D motion of the 
object, we use the minimum Hausdorff distance from the model to the image to 
find where object moved to. With 2D shape change of the object, we use distance 
from the image to the transformed model to select set of image pixels of the next 
model. For performance evaluation, we compared the proposed method based on 
the contourlet transform using cycle spinning with the similar methods based on 
the complex wavelet transform and wavelet transform. 
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1 Introduction  

Wavelet transforms domain methods are used for object tracking. Several algorithms 
have been proposed to solve the problem of tracking [3, 4]. Every tracking method 
requires an object detection mechanism either when the object first appears in the 
video. A common for object detection is to use information of single frame.  

Y. Wang [17] proposed an algorithm that derives the objects based on the motion 
between frames. This tracking is limited and not able to handle some complex 
situations such as object starts moving, object stops moving and objects move 
together. A lot of existing methods first perform computationally expensive spatial 
segmentation based on a moving object region tracking [15]. This is not necessary in 
a lot of applications, where only moving objects need to be tracked. 

The Discrete wavelet transform (DWT) provides a fast, local, sparse and 
decorrelated multiresolution analysis of images. DWT have limited such as shift-
sensitivity and poor directionality [9]. Several researchers have provided solutions for 
minimizing these disadvantages. Recently new X-let multiscale transforms have been 
developed such as curvelet, contourlet [1,2,5,6,7,13,14] which integrate the concept of 
directionality in better way. Techniques to reduce these drawbacks have been 
proposed; new multiscale transforms have been designed such as the contourlet 
transform to integrate the concept of directionality in a more useful fashion. 
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We propose an implementation of the contourlet transform and described a  
method for moving object tracking, using contourlet transform with cycle spinning. 
The shape of object may change from this frame to other frame. The approach 
consists of two steps. First contourlet coefficients are used for detection of object and 
second tracking of object in the sequence of frames. The rest of the paper is organized 
as follows: In section 2, we described the basic concepts of contourlet transform. 
Details of the proposed algorithm are given in section 3. In section 4, the results of the 
proposed method for detection, tracking are shown and compared to other methods 
and finally in section 5, we presented our conclusions. 

2 The Contourlet Transform 

The contourlet construction presented here is based on the work of Do and Vetterli [1]. 
Contourlets constitute a new family of frames that are designed to represent smooth 
contours in different directions of an image. Contourlet is easily applied in image 
processing because its representation is a fixed transform. Contourlet allows for a 
different number of directions at each scale and aspect ratios. This feature allows an 
efficient contourlet-based approximation of a smooth contour at multiple resolutions. The 
discrete contourlet transform is a multiscale and directional decomposition using a 
combination of Laplacian pyramid (LP) and directional filter bank (DFB) [1].  

The idea of the contourlet construction [1] is: let a0[n] be the input image, the 
output after the LP step is I bandpass images bi[n], i =1, 2,..., I and a lowpass image 
aI[n]. Each bandpass image bi[n] is decomposed by an ℓi -level DFB into 2ℓi bandpass 

directional images ( )
, [ ]i

i kc n , for k = 0, 1,…, 2ℓi-1 . 

In the discrete contourlet transform, the multiscale and directional decomposition 
steps are decoupled. So, we have different numbers of directions at different scales. 

Contourlet decomposition proceeds through two main steps: first, Laplacian 
pyramid multiscale decomposition is performed; then directional filter bank 
decomposition is used to link point discontinuity to linear structures. In more detail, 
an image is decomposed into a low pass image and bandpass images by the LP 
decomposition. Each bandpass output is further decomposed by the DFB step. The 
output of the DFB step consists of smooth contours and directional edges. In this 
paper, each directional subband at each level consists of 2n element, where n is a 
positive integer. Fig 1 shows a contourlet decomposition. 

 

 
 
 
 
 

  
Fig. 1. Contourlet decomposition 
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3 The Proposed Method 

In this section, we present an approach to implement of the contourlet transform and 
described a method for moving object tracking, using contourlet transform. The shape 
of object may change from this frame to other frame. The approach consists of two 
steps. First contourlet coefficients are used for detection of object and second tracking 
of object in the sequence of frames. A video sequence contains a series of frames. 
Each frame can be considered as an image. If an algorithm can track moving objects 
between two digital images, it should be able to track moving objects in a video 
sequence. The algorithm starts with two steps.  

3.1 The Detection of Object Algorithm 

The goal of edge detection is to divide the given image into regions that belong to 
distinct objects in the depicted scene. This process consists of three steps [1,2,13] 
apply contourlet transform to the image, retain the coefficients where the signal-to-
noise ratio is high, and reduce the coefficients where the signal-to- noise ratio is low.  

A 2-D cycle spinning is implemented on subbands ∆1 and ∆2 so that the contourlet 
transform is translation-invariant. The transformed data are shifted, edge detected, and 
unshifted. Applying the following procedure, 
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where K1 and K2 are the maximum number of shifts, we expect an improvement for 

the estimation s  compared to the image without cycle spinning. For the contourlet 
transform, if the input image has size N×N, with N = 2K, then after K shifts in each 
direction, the output becomes repetitive and so the maximum numbers of shifts will 
be K in each direction. If one decomposes an image of size N×N using the contourlet 
transform, then the number of decomposition levels in the ∆1 stage will be at most K, 
and therefore, the maximum number of shifts is K in the row and column directions.  

The threshold for the contourlet coefficients can be calculated using statistical 
properties of noise or blur. After thresholding the contourlet coefficients, the image 
can be reconstructed. Donoho and Johnstone [10] have described a threshold that 
depends on standard deviation of contourlet coefficients. Here, to compute the 
threshold value for image edge detection, we use a combination of three parameters: 
the contrast ratio (ratio between standard deviation and mean of contourlet 
coefficients), the absolute median of contourlet coefficients, and a level dependent 
parameter. Fig. 2 shows the detection in duck images with the method presented 
above. 
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                                (a) Original image.                    (b) Detected image 

Fig. 2. Duck image 

3.2 The Tracking Algorithm 

In all the computations, the frame rate is adequate and the shape change from one 
time frame to the next is required to be small. The 3D moving object is combined two 
parts: a 2D shape change and 2D motion. To change 2D shape in image frame, we use 
2D geometric models to capture them. With 2D motion of the object, we use the 
minimum Hausdorff distance [11] from the model to the image to find where object 
moved to. 

Hausdorff distance [11] defined distance between two point sets P and Q as 

H(P, Q)=max (h(P, Q), h(Q, P))                                   (2) 

where ( , ) max min
q Qp P

h P Q p q
∈∈

= −  and . denotes Euclidean distance. 

Daniel[11] defines the partial distance as: 

,
( , ) minth

k
p P q Q

h P Q K p q
∈ ∈

= −  

For some transformation group G [11], the natural definition of a distance is simply 
the minimum with respect to that group action ( , ) min ( ( ), )G

g G
D P Q H g P Q

∈
= , if 

( , )GD P Q =0, two shapes are same otherwise change in shape is measured.  

With 2D shape change of the object, we use distance from the image to the 
transformed model to select set of image pixels of the next model. The model Mt 
consist of m point moved to next time frame It+1. The location of the object in the new 
image frame is computed by the minimum valued d of distance from Mt to the frame 
It+1  

1
1min ( ( ), ) min min ( )

t t

th
k t t
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d h g M I K g p q

+
+∈ ∈ ∈ ∈

= = −  

which d identifies the transformation *g G∈
 
of Mt which minimizes the rank order. 
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In these figures, we observe that the proposed method performs better than the other 
two methods. Other experiments also show that the proposed method works well and 
better than the other ones. In wavelet domain, tracking is high execution time. In 
complex wavelet domain, tracking is more accurate but is also medium execution time. 
The proposed method is also more accurate and faster other method. As above 
mentioned, contourlet allows for a different number of directions at each scale and aspect 
ratios. This feature allows an efficient contourlet-based approximation of a smooth 
contour at multiple resolutions. 

5 Conclusions 

In this paper we have constructed a method for detection and tracking of object that 
provides a sparse expansion for typical images having smooth contours. We use 
contourlet coefficients and cycle spinning to detection and tracking the object in the 
sequence of frames. We compared the proposed method based on the contourlet 
transform with the similar methods based on the complex wavelet transform, and 
wavelet transform. The proposed method is more accurate and faster other method. 
However, if the quality of the frame in video is very bad, such as strong noise, blur, 
etc., then the estimation ability is reduced. To avoid this problem, we should try to 
reduce noise and blur before the application of the proposed algorithm. Unlike the 
other methods, the algorithm does not rely upon many properties of object such as 
size, shapes, colors, etc…. In all of computations, it has been assumed that the frame 
rate is adequate and the size of the object may be change between adjacent frames.  
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