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Abstract— In this paper a framework for active contour based visual tracking using level sets. The main component of framework include 
contour-based tracking initialization, color based contour evolution, dynamic shape based contour evolution for periodic motions, adaptive 
shape based contour evolution for non periodic motions. For the initialization of contour based tracking, develop an optical flow based 
algorithm for automatically initializing contours at selected frame. For the color based contour evolution, markov random theory is used to 
measure correlations between values of neighboring pixels for posterior probability estimation. For dynamic shape based contour 
evolution, a shape mode transition matrix is used to adding noise in original image, to get more accurate contour tracking. For adaptive 
shape based contour evolution, two methods are used one is multiphase and singlephase method, used to tracking an accurate object. 

Index Terms— Active contour based tracking, Adaptive shape model, Dynamic shape model, Multiphase method, Singlephase method.   

——————————      —————————— 

1 INTRODUCTION                                                                     
 
isual object tracking is an active research topic in computer 
vision. In contrast to general object tracking which uses 

predefined coarse shape models, such as rectangles or ellipses, 
to represent objects, active contour based tracking provides 
more difficult than general tracking of the same object in the 
same real-world situation. This is because contour tracking 
aims to recover finer details of the object, i.e., the boundary of 
the object [1] and the determination of the boundary of the 
object is susceptible to influences from the background dis-
turbance. In videos taken by stationary cameras, object motion 
regions can often be extracted using background subtraction, 
and object contours can be produced by tracking the edges of 
the motion regions, making the contour-based tracking more 
difficult than in videos taken by stationary cameras [2]. Active 
contour-based object tracking, no matter whether the camera 
is stationary or moving, has attracted much attention in recent 
years. To describe object contours two general ways are explic-
it representations which are characterized by parameterized 
curves such as snakes and implicit representations, such as 
level sets which represent a contour using a signed distance 
map [5]. The level set representation is more popular than the 
explicit representation because it has a stable numerical solu-
tion and it is capable of handling topological changes. Active 
contour evolution methods are classified into three categories: 
edge-based, region-based, and shape prior-based [7]. The edge 
based methods consider the local information around the con-
tours, such as grey level gradient. In the classical snake mod-
els an edge-detector is used, depending on the gradient of the 
image to stop the evolving curve on the boundary of the de-
sired object. Region-based methods divide an image into ob-
ject and background regions using statistical quantities, such 

as mean, variance, or histograms of the pixel values in each 
region and it is independent for the posterior probability esti-
mation [12]. In approximate an image by a mean image with 
regions whose boundaries are treated as object edges. In pre-
sent a statistical and variational framework for image segmen-
tation using a region competition algorithm. In adopt the fea-
tures of both object and background regions in the level-set 
evolution model process. Color prior knowledge is usually 
represented using object appearance models such as color his-
tograms, kernel density estimation, or Gaussian mixture mod-
els (GMMs) [14]. Shape prior-based methods are used to re-
cover disturbed, occluded, or blurred contour sections. In con-
struct a pixel-wise shape model in which local shape variabil-
ity can be accounted and propose an active shape model for 
the different aspects of rigid objects in a shape prior formula-
tion. In propose a statistical method to learn object shape 
models which are used to recover occluded sections of a con-
tour [10]. Occlusion is dealt with by incorporating shape in-
formation into the weights of the particles. In utilize the sym-
metry of rigid object shapes to deal with partial occlusions. 

2   PROPOSED METHDOLOGY 
In this paper, we systematically investigate the aforesaid main 
limitations in contour tracking, and present a framework for 
tracking object contours. The framework adopts the region-
based evolution of contours which are represented using level 
sets. At the selected frame, the method is used to compensate 
for camera motion and then optical flow at each pixel is esti-
mated. Using the estimated optical flows, one or more motion 
regions are detected. The boundaries of these motion regions 
are used as the initial contours. These initial contours are then 
evolved using color information. . Based on the result of color-
based contour evolution, the shape prior is introduced to deal 
with noise to obtain more accurate contours. We consider 
shape priors for periodic motions and non-periodic motions, 
corresponding to dynamic shape models and adaptive shape 
models respectively. The main components in our framework 
include contour-based tracking initialization for the first 
frame, color-based contour evolution, adaptive shape-based 
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contour evolution, dynamic shape-based contour evolution. 
The main components in our framework have the following 
contributions: 

1) We propose an automatic and fast tracking initializa-
tion algorithm based on optical flow detection. In 
the algorithm, object motion regions are extracted in 
the selected frame, and closed initial contours near 
the boundaries of moving regions are constructed. 

2) We propose a color based contour evolution algo-
rithm. In this algorithm, correlation between values 
of neighbouring pixels is constructed using Markov 
random field (MRF) theory. This ensures that our 
color-based algorithm is not sensitive to back-
ground disturbances and it not sensitive to back-
ground disturbances and that it achieves tight and 
smooth contours. 

3) We propose a Markov model-based dynamical hape 
model. Ading noise is used to obtain the typical 
shape modes of a periodic motion and to get more 
accurate contour. The matrix of transitions between 
these modes is then constructed. In the tracking 
process, the contour evolved using color infor-
mation alone and then the contour is further 
evolved under the constraint of the predicted shape 
mode. 

4) We propose an adaptive shape-based contour evolu    
tion algorithm. In the algorithm, the results ob-
tained using the color feature alone and the shape 
priors are effectively combined, adapting to differ-
ent contour locations, to obtain the final contour. A 
new incremental PCA technique is applied to up-
date the shape model, making the shape model up-
dating flexible here using two types of method, cor-
responding to multiphase and singlephase method. 
In multiphase method track both object and back-
ground region. In singlephase method it tracks only 
the object using the initial contour by using bound-
ing box.  

In this paper, analysis the main restrictions in contour 
tracking, and present a framework for in contour track-
ing object contours, no matter whether the camera is sta-
tionary or moving. The active contour based visual 
tracking using levelsets are proposed. 
 
 

 
 

 
 
 
 
 
 
 
 
 

Fig .1Block diagram for level sets 
 

At the first frame, the ego motion compensation is used to 

compensate for the camera motion and then optical flow at 
each pixel is estimated .Using the estimated optical flows in 
which one or more motion regions are detected. The bounda-
ries of these motion regions are detected. The boundaries of 
these motion regions are used as the initial contours. These 
initial contours are then evolved using color information. 
Based on the color-based contour evolution result, the shape 
prior based ICA technique is used to deal with noise or partial 
occlusion etc to obtain more accurate contours. We consider 
shape priors for non-periodic motions and periodic motions, 
corresponding to adaptive shape models and dynamic shape 
models respectively. 
 
2.1 Tracking Initialization 
Tracking initialization which consists of the contour initializa-
tion in the first frame and modeling the object and back-
ground regions .The automatic and fast tracking initialization 
algorithm based on the optical flow detection is used. In the 
first frame, the optical flow magnitude and direction is used to 
detect motion regions whose boundaries are used as the initial 
contours. The ego-motion compensation is used to compen-
sate camera motion. Each pixel in optical flow is represented 
by (u,v), where u and v are the optical flow velocity vector’s 
components in the x and y directions respectively. For a pixel 
the magnitude is less than a predefined threshold, its optical 
flow is set to (0, 0), it is assigned to the background. The detec-
tion algorithm includes the size of the shape model is fixed 
and the centre of the object is moved then the series of regions 
{Mi}, of various sets of pixels is produced. The object and 
background regions are both modelled in the active contour 
based object tracking algorithm to compete for pixels in the 
image.   The size of the shape model is kept fixed and the cen-
ter of the shape model is moved. Each such region Mi is as-
signed a weight Φ calculated by: 
      
                       Cyxyx ∈= ),(0),(φ  
 
                      RoutyxCyxdyx ∈= ),(),,(),(φ       [1] 
                               
                     RinyxCyxdyx ∈−= ),(),,(),(φ  
                           
Where Rin and Rout denote the regions inside and outside C 
and d(x, y, C) is the smallest iteratively in normal direction: 
                             

0),()),((),(),(1 =∆++−+ yxFcurvyxFyxyx nn φφφ      [2] 
 

2.2 Color Based Contour Evolution 
The contour evolution is used to adjust an initial contour 
awaiting the image is partitioned optimally by the contour 
into a foreground region and a background region.. The inde-
pendence of pixel values for posterior probability and likeli-
hood estimation is too strong, especially when there are local 
associations between pixels, such as for textured regions or 
regions with repeated patterns. As a result it is easy to misi-
dentify pixels around object boundary sections where the con-
trast between the object and the background is low. To over-
come a problem the correlations between values of neighbour-
ing pixels are constructed using Markov Random Field theory 
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and it is incorporated into estimation of the posterior probabil-
ity of segmentation. It is not sensitive to background disturb-
ances and that it achieves tight and smooth contours. 

• MRF 
           
            ),arg()1(22 vuvxxui Ω−−+= ββx          [3] 
 
Where x is a pixel within the variance of the directions of flow 
vectors of the pixels. 

2.3 Shape Based Contour Evolution 
To obtain a contour closer to the true contour, the global shape 
information and the local color information are combined in 
hierarchical shape-based contour evolution algorithm the 
shape based contour evolution includes shape registration and 
construction of subsequence, and the mahalanobis distance 
based criterion. Each contour shape is represented using its 
corresponding level-sets signed distance map φ. Shape regis-
tration from shape A to shape B involves scaling, rotating, and 
translating shape A to obtain a new shape which best matches 
shape B. The contour shape subspace is constructed from a 
training sequence, it obtain a series of training shape samples 
of the object which is to be tracked in the test sequence. The 
shape registration aligned each sample in the signed distance 
maps. The level set embedding function values in each dis-
tance map are flattened into a coned each column vector. 

• Mahalanobis Distance based criterion: 
The level set embedding function values of the aligned con-
tour are flattened into a column vector x, forming a k-
dimensional vector. 
                        )(: µ−= xUaa kt                                          [4] 
 
According to the definition of α, the following equation is ob-
tained: 
       
    aaxUx ktkt 22 )()( −∑=−−≈ µµγ                           [5]                           
                        
If Ύ2 is larger than a predefined threshold, then the color 
based evolution result as the final tracking result. 
 
I. Dynamic Shape Based Contour Evolution: Object shape 
information can be used to improve the results of color-based 
contour evolution. On the basis of shape registration and con-
struction of a shape subspace, the Mahalanobis distance-based 
criterion is used to determine whether the shape model is in-
troduced into the contour evolution process. If so, a shape-
based evolution which adapts to different contour locations is 
used to further evolve the contour. Here using the noise that 
can get more accurate contours. By adding salt and pepper 
noise in original image and track that image and removing the 
noise using median filter and to get more accurate contour 
when compared to color based contour evolution. 

• Distance between samples: 
              )),(()),(()( , yxHyxHd jaiaji φφφφ −=              [6] 
         
Where Ha is a Heaviside function defined. This distance is 
symmetrical and it is irrelevant to the contour size due to 
shape registration. 

 

II. Adaptive Shape Based Contour Evolution: Adaptive 
shape models are more appropriate than the dynamic shape 
models to deal with large changes in shapes of non-rigid ob-
ject contours. In the following, we cluster shape samples of 
non-rigid object contours to obtain the typical shape modes 
and the mode transition matrix which is used to predict the 
shape mode. With the constraint of the predicted shape mode, 
the contour obtained by the color- based evolution is further 
evolved to obtain the final contour. The iterations using 
[14]are repeated for a given number of times or until the mean 
of differences between φ(x, y) and φs(x, y) at each location (x, 
y) is less than a predefined threshold.  
 
      ))),(),((exp(),( 2yxsyxyx c φφβτ −−=       [7] 
 
Where β is a positive constant.Thus, at each pixel location (x, 
y) where the difference between φc(x, y) and φs(x, y) is large, 
the evolution of φ(x, y) can still continue when the difference 
between φ(x, y) and φs(x, y) is getting smaller and smaller. 
In adaptive shape based contour evolution, it follows two 
methods such as multiphase and singlephase methods respec-
tively. 

a) Multiphase Method:  In multiphase method it tracks 
both object and background region by using optical 
flow algorithm. By using inner iteration and outer it-
eration it tracks the object and background region 
well. 

b) Singlephase Method:  In singlephase method it 
tracks only the object by using initial contour. Here 
also use the optical flow it tracks the object accurately 
when compared to multiphase method. 

3   RESULTS AND DISCUSSIONS 
3.1 Video to Frame Conversion 
The input videos of three seconds time duration are converted 
into 100 frames here there are six frames of person moving in 
the track. 
 
 
 
 
 

    
 
                               
 
                       
                                         

   
 Fig.2 Output of video to frame conversion 

 
3.2 Contour Based Tracking Initialization 
Tracking initialization often relies on a manually drawn closed 
contour around the object. Those methods, in which the 
boundaries of motion regions detected by background sub-
straction are the initial contour of moving objects. In the initial 
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contour can be placed anywhere in the image, but it may take 
long time to converge to the correct boundary. 
 

                          
                                    Formation of initial contour 
 
3.3 Color Based Contour Evolution 
The contour based tracking is successfully initialized based on 
the optical flow detection result in the selected frame.  Some of 
the results of the initialization are selected and the automatic 
initialization of the tracking of a walking person, in which the 
result of optical flow detection applied to the image. The rec-
tangle shown in the detected motion region with center coor-
dinates. The detected motion region is acceptable and the 
boundaries of the rectangle are good enough initial contour 
for color based contour evolution. 
 
                       

                    
  
 
            
 
                     
 
 
 
 
 
 
 
 

 
          Fig.3 Output of color based contour evolution 

 
3.4 Dynamic Shape Based Contour Evolution 
For testing our dynamic shape based contour evolution, con-
tours of walking persons are tracked under various noise. 
Here adding salt and pepper noise to get more accurate con-
tour initial contour forms only the object side. 
  

 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
    
 
 
 
 
 
 
 
 
 

 
  Fig 4.Output of original image with adding two compo-

nents 
After noise is removed by using median filter to get more ac-
curate contours. 

 

 

 

 

 

 

 
                        Fig4.1 Removal of noise 
 
3.5 Adaptive Shape Based Contour Evolution 
In adaptive consists of two methods which are multiphase and 
single phase respectively. Both methods using the initial con-
tour in iteration method. 
 
Multiphase Method: In multiphase method it tracks both ob-
ject and background region by using iteration. 
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         Fig5. Output of multiphase method 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
                 Fig5.1 Segmented region 
 

Singlephase Method:  In singlephase method it tracks only 
the object by using bounding box in initial contours. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
                   Fig 5.2 Output of Singlephase method 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig5.3 Final output of tracking an object using singlephase 

method 
 

4 CONCLUSION 
The color-based contour evolution algorithm which applies the 
MRF theory to representation the correlations between pixel 
values for posterior probability estimation is more to back-
ground disturbance than the region-based method which does 
not consider correlations between the values of neighboring 
pixels for posterior probability estimation. The adaptive shape-
based contour evolution algorithm, which efficiently fuses the 
global shape information and the local color information and 
uses a flexible shape model updating algorithm, is robust to 
partial occlusions, weak contrast at the boundaries, and motion 
blurring, etc. The future work is done for the tracking of multi-
ple moving objects by graphical based method. In this shape, 
color along with this structure of the object is also considered. 
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