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Abstract — Fast and accurate object tracking is very important for 

real time applications like video surveillance, traffic monitoring 

etc. In most of the conventional object tracking methods 

environmental changes, memory requirement and computation 

speed are the major constraints. This paper proposes an efficient 

object tracking method to compensate for all these challenges. 

Here a Lifting based Discrete Wavelet Transform (LDWT) has 

been used in order to compensate for fake motions and low 

memory requirement. Lifting based 9/7 Discrete Wavelet 

Transform is proposed to reduce the computational cost and 

preserve fine object boundaries. For fast object tracking variance 

method is adopted where maximum nonzero pixel value is 

considered. The experimental results show that the proposed 

method yields better result on the basis of computational time, 

memory requirement, speed of operation and environmental 

changes than the conventional DWT based approach. 

Index Terms— Object detection, Object Tracking, DWT, LDWT, 

Frame Differencing, Variance Method 

I. INTRODUCTION 

The intelligent video surveillance system has become an 

active area of research topic in computer vision that tries to 

detect, recognize and track object from input video 

sequences. Successful motion detection in real time 

applications is a difficult task because of so many challenges 

which include fake motion, Gaussian noise in the background 

etc. that may lead to incorrect motion detection. The 

conventional approaches for motion detection include 

background substraction1, temporal differencing2 and optical 

flow method3.In background subtraction approach the 

moving regions are detected by subtracting the current frame 

from background frame. It gives satisfactory motion mask 

data, but the problem with this approach is the dynamic scene 

changes due to lightening and other radiometric variations; 

therefore we need to frequently update the background frame. 

In temporal differencing approach the moving regions are 

extracted from consecutive frames of the video sequence. 

Even though it is suitable for dynamic environment, the 

problem with this approach is the incomplete motion 

extraction. In optical flow method, flow vector characteristics 

of the moving object over a time is used to detect the moving 

region. This method also gives satisfactory result but the 

computational complexity is very high.  
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The most common problems with all of the above mentioned 

approaches are the sensitivity to noises, fake motion such as 

motion of tree leaves and memory requirement for the storage 

purpose and the speed. DWT and Low resolution techniques 

like average filtering are used to reduce fake motions and 

computing cost. But the conventional DWT scheme has the 

disadvantages of complicated calculations. But using discrete 

wavelet transform reduces the size of the image and also 

removes the noise parts the input image. So DWT adopted as 

the preprocessing step of the object tracking.2D-DWT 

decomposes the image into four sub-band images.LL2 band 

is adopted for the further processing of tracking because fake 

motions are suppressed in the 2nd level low pass band. 2 –D 

Haar based DWT to leads to blur the object shape. To 

overcome this problem lifting scheme based discrete wavelet 

transform is used12. Low resolution images are suitable for 

object detection and tracking. It preserves the quality of low 

resolution images better than that of the other low resolution 

methods4.Reducing the computation time is a challenging 

task in real time applications. The variance method is used for 

fast object detection and tracking. The rest of the paper is 

arranged as follows: the convolution based DWT approach is 

described in section 2. The proposed algorithm is described 

in section 3.In section 4 experimental result of the proposed 

algorithm is compared with conventional DWT based 

variance method. Section 5 provides the conclusion. 

II. CONVOLUTION BASED DWT 

Discrete wavelet transform is used in various fields such as 

signal processing, image processing, computer vision, video 

compression, biochemistry medicine etc. It gives a flexible 

multi-resolution image and decomposes the image into 

various sub-band images. During decomposition process, 

low pass filer L is represented as scaling functions and high 

pass filter H represented as wavelet filter. For example if the 

filter length is four the corresponding transfer functions is 

denoted as 

 

H (z) = h0+h1z -1+h2z -2+h3z -3                                   (1) 

G (z) = g0+g1z -1+g2z -2+g3z -3                                   (2) 

 

The result is followed by down sampling operation. Here the 

input video sequence is decomposed into four components. 

Each sub-band image has its own feature. First input image is 

decomposed into high pass and low pass frequency images; 

again the low pass band image is decomposed into two 

sub-bands such as LL, LH, HL, and HH as shown in the Fig 

1.The noise is suppressed in high frequency components. So 

the further processing is done on low frequency (LL2) band.  
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But the multilevel decomposition images by using Haar- 

DWT the LL2 band become more blur. For detecting object 

more accurately lifting scheme based DWT is used in 

pre-processing steps. 

 

  

Fig. 1. Dimensional-DWT Decomposition                                   

III. PROPOSED METHOD 

For video compression and edge detection lifting scheme 

based discrete wavelet transform is used. For extracting 

moving regions between the consecutive frames, frame 

differencing method is adopted. Finally for fast object 

detection and tracking variance method is used. The detailed 

flow diagram of proposed method is shown in Fig.4 

A. 9/7 Lifting –based discrete wavelet transform 

The lifting scheme based DWT12 is used for image 

compression because lifting has many advantages over the 

traditional convolution based approach. As faster 

implementation and as the number of computation is half of 

the convolution based discrete wavelet transform, this 

property very useful for real time applications. As the lifting 

scheme based DWT (LDWT) does in place calculation, no 

auxiliary memory is needed for the operation. It also avoids 

the finite precision or rounding problem. The Euclidean 

algorithm is adopted to factorize the poly-phase matrix of a 

discrete wavelet transform filter, into a sequence of 

alternating upper and lower triangular matrices, and diagonal 

matrix. In equation 3, h (z) and g (z) denote the low pass and 

high pass filters respectively, which can be further 

decomposed into even and odd components to poly phase 

matrix P (z) as expressed by the following equations: 

                                                       (3) 

The greatest common divisors of the even and odd parts of 

the original filters, can be obtained by recurrent operation of 

the Euclidean algorithm. As h(z) and g(z) form a 

complementary filter pair p(z) can be factorized into 

Equation 4. 

P(z)=                     (4) 

Where i=1 to m, m is the even degree of the polynomial  

and  are Laurent polynomials, They correspond to the 

prediction and update steps  respectively, and k is a nonzero 

constant. As shown in Fig. 3, a lifting-based scheme is 

divided into four stages: Split phase: Decomposition of 

original image into two disjoint components, the variable 

and  which denote the set of even samples and the 

set of odd samples respectively. As the split phase does not 

decorrelate the data but only subsamples the signal into even 

and odd samples, it is also referred to as lazy wavelet 

transform. 

              =                                                                    (5) 

              =                                                                        (6) 

 

Predict phase: To obtain the wavelet coefficients the 

predicting operator P is applied to the subset .This is 

shown in Equation 7. 

         d[n]= P× ( )                                                          (7) 

Update phase: The combination of and d[n] yields the 

scaling coefficients s[n] after an update operator. This is 

shown in Equation 8. 

             s[n]= +  U ×(d[n]).                                    (8) 

Scaling: In the final step, the normalization factor is applied 

on s[n] and d[n] to obtain the wavelet coefficients. Equations 

8 and 9 show high pass and low pass coefficients 

respectively. 

                =  d[n]                                                       (9) 

                =  s[n]                                                         (10) 

By vertical and horizontal decomposition of 1-D coefficients, 

2-D LDWT coefficients are obtained. 

 

Fig. 2. Block Diagram of LDWT 

Equations 11, 12 gives the 9/7 Daubechies decomposition 

filter coefficients high pass h(n) and low pass g(n) 

respectively. 

h(n) = {0.02675, -0.01686,-0.07822, 0.26686, 0.60295,        

           0.26686,-0.07822,-0.01686,- 0.02675 }                   (11) 

 

g(n)={0.09127, -0.05754, -0.59127, 1.11509, -0.59127,   

         -0.05754, 0.09127}                                                     (12) 

Lifting decomposition result is follows in equation.13 

 

 P(z)=                        

                  (13) 

where   =-1.586134342, =-0.0529118, =0.882911075, 

=0.443506852, 1/ =1.230174105. 

 

Fig. 3. 9/7 LDWT Diagram 
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Figure 3 shows the 9/7 lifting scheme diagram. Here first 

input sequence is divided into odd and even subset which is 

known as splitting phase. Then the output follows the predict, 

update and scaling phases. 

B. Background subtraction and frame differencing.  

For steady state condition, background subtraction method   is 

adopted. Here moving regions in the frames are not 

considered for reference or background frame5 .The reference 

frame is subtracted from the current frame to get the targeting 

object in the frame. In frame differencing method, the moving 

regions are extracted from successive frames of the video 

sequence. Moving regions are detected from this method. 

Background subtraction1 and frame differencing2 approaches 

can be represented as in equation 3 and 4  

 

=               (3) 

 

=                  (4) 

 

where i =1,…….,m and j=1,……,n k =1,2,3……….,k; kis the 

number of frames in the video. BS is the background frame 

and FD is the frame difference. 

C. Binarization and OR operation 

The process of conversion of gray image into black and white 

image is called binarization. The gray scale image consists of 

256 intensity levels which are converted into two equal levels 

of  either 0’s( dark) or 1’s (white).This can be done by taking  

the threshold value. For binarization, selection of threshold 

value is very important. From frame to frame the threshold 

value may change due to changes in the average frame 

intensity from one frame to another. Some parameters like 

mean U and standard deviation1   is used to calculate the 

global threshold value6 for a particular frame.  

 

           U=                                                   (5) 

      =                 (6) 

                    T=0.06*                                                                      (7) 

Here FD (i,j) is the frame difference of successive frames, 

and [r, c] is the size of the input image. The threshold value is 

then obtained as shown in equation (7) and the constant value 

0.06 is obtained through trial and error method. After 

binarization.7 OR operation is carried out in order to detect 

the object while moving, and when object stops suddenly. OR 

operation can be given by: 

 

  =                              (8) 

 

RV is the resultant frame of OR operation. Since exact 

thresholding is not possible due to the presence of noise, 

some morphological operations7 are also done on the 

binarized frame. To remove the noise, pixel opening 

operation is done first, since object pixels also get eliminated 

during this process. Closing operation is done after this to 

retrieve the lost pixel. 

D. Variance method 

It is used to detect and track the moving region. In this step 

the variance values of the entire row and column8 of the 

frame is calculated .It gives image intensity variations 

corresponding to each row and column. Variance is given9 as: 

 

      =                    (9) 

Where, RV is the sub image and n is the number of pixels in 

the sub image. First, the intersection point of row and column 

where the value of variance is maximum is considered. Then 

a window is formed around it and the same process is carried 

out in the window resulting in a new intersection point. The 

window is shifted around the new intersection point until 

same point is obtained as intersection in successive iteration 

.Here the process converges to a point. Finally, for showing 

the location of the object in the input frame, a bounding box 

is placed around the object. This will help in tracking the 

object in the video. 

 

Fig. 4. Flow Diagram of Proposed Method. 

IV. EXPERIMENT RESULT 

This section gives the comparative result of the various 

methods done. The tests were carried out on an Intel(R) 

Core(TM) i3 processor with 2.10GHz clock frequency and 

4GB of RAM.  CAVIAR11 project at INRIA labs 

database12are used. The details about the videos are given in 

Table1.Comparing the result of LDWT and DWT from the 

Fig (7) and Fig (8), we can see that the objects are accurately 

detected using LDWT method where three objects are 

detected from the input frame; but in the case of DWT 

method only partial results are obtained, leaving all other 

objects eliminated from the frame. So DWT may cause 

incomplete detection. For tracking, we calculate the variance 

of the image where the pixel with maximum nonzero value is 

considered. 

 

 

 

http://www.ijeat.org/


Lifting based DWT for Object Tracking Using Variance Method 

103 

 

Published By: 
Blue Eyes Intelligence Engineering  

and Sciences Publication (BEIESP)  

© Copyright: All rights reserved. 

Retrieval Number F4179084615/15©BEIESP 
Journal Website: www.ijeat.org 

 The computational time of LDWT is also lesser compared to 

DWT as shown in Table 1 .Fig 12 shows the graphical 

representation of comparison of computational time for 

object tracking.   

Table 1. Input Video Details 

 

 

Fig. 5. Input Frame. 

 

Fig. 6. Background Frame. 

 

Fig. 7. Result of Background Substraction using LDWT 

 

Fig. 8. Result Background Substraction Using DWT 

 

Fig. 9. Motion Tracking at 124th Frame using LDWT 

 

Fig. 10. Motion Tracking at 124th Frame using DWT 

 

Fig. 11. Computational time for object tracking  

V. CONCLUSION 

A combined LDWT and variance method has been used for 

object tracking. Since LDWT preserves the fine shape of the 

object, an accurate detection can be achieved; here the 

memory requirement is also less. The use of variance method 

for tracking increases the computational speed to a great 

extent. The comparative results show that proposed method is 

much better than the conventional approach in detection and 

tracking time. On account of these advantages, the proposed 

method is very suitable for real time applications such as 

video surveillance, traffic monitoring system etc. 

Video 

Names 

 

Input Video Details 

 

Computation Time 

for 50 frames (in seconds) 

No. of 

Frames 

 

Duration 

of Video 

(sec ) 

LDWT-

Variance 

Method 

DWT-Variance 

Method 

Browse1.m

pg 
1040 41 75.56 86.34 

Walk1.mpg 610 24 71.44 89 

Rest_In 

Chair.mpg 
1007 42 73.34 87.57 

LeftBag.m

pg 
1439 56 71.98 89.78 

Women.mp

4 
201 9 170 205 
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