
IJRIT International Journal of Research in Information Technology, Volume 2, Issue 4, April 2014, Pg: 606- 614 
 

Preethi K, IJRIT  606 
 

International Journal of Research in Information 
Technology (IJRIT) 

www.ijrit.comwww.ijrit.comwww.ijrit.comwww.ijrit.com                                                                                                                                                                                                            ISSN 2001-5569    

Object Tracking in Video Based on LSK Descriptors and Object Tracking in Video Based on LSK Descriptors and Object Tracking in Video Based on LSK Descriptors and Object Tracking in Video Based on LSK Descriptors and 

Bhattacharyya Similarity MeasureBhattacharyya Similarity MeasureBhattacharyya Similarity MeasureBhattacharyya Similarity Measure 

Preethi K1 and Jayasree K2 
 

 1M.Tech Student, Dept. of Computer Engineering, Model Engineering College, 
Ernakulam, Kerala, India 
preethi275@gmail.com  

 
2Assistant Professor, Dept. of Computer Engineering, Model Engineering College, 

Ernakulam, Kerala, India 
tharasree@yahoo.com  

 
 

 
 

Abstract 
A visual object tracking method which is based on local steering kernels and color histograms. In this method an 
object of interest is determined in the previous video frame and search for the object in the next frame by finding 
frame region that best matches with the input. As object changes object model  is updated using a stack. Here 
Bhattacharyya distance is used for histogram comparisons. LSK features are extracted for both the candidate region 
and target object. Based on the LSK similarity new tracked object location is determined. After determining the object 
position in the current frame, the  position of the object in the following frame is predicted using a linear kalman 
filter.   
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1. Introduction 

 
Visual tracking has been an area of intensive research in the field of computer vision. Object tracking in 
video is an important problem which has many applications like video surveillance, target tracking using 
video sensors, etc. It is generally defined as a problem of estimating the position of an object 
 over a sequence of images. The main objective is to track followed by analysis to provide crucial 
information about the behaviors, interactions, and relationships between objects of interest. Many 
 techniques have been proposed for solving tracking problems. However, there are many factors that make 
the problem complex, such as illumination variation, appearance change, shape deformation, partial 
occlusion, and camera motion. Moreover, lots of these applications require a real-time response. 
 
In video object tracking, various techniques are involved, including motion object detection, background 
subtraction, shadow removing, object tracking, etc. Many moving object detection approaches rely on 
background subtraction from one or several static cameras. Background subtraction algorithm involves 
construction of a statistical model that describes the background state of each pixel. 
 Different algorithms build the background model differently. Kalman filter is used to track linear 
dynamical background pixels under Gaussian noise, but the background model is easily affected by the 
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foreground pixels in actual scene, and the accuracy of motion detection is low.  
 
Two major components can be distinguished in a typical visual tracker. Target Representation and 
Localization is mostly a bottom-up process which has also to cope with the changes in the appearance of 
the target. Filtering and Data Association is mostly a top-down process dealing with the dynamics of the 
tracked object, learning of scene priors, and evaluation of different hypotheses. The way the two 
components are combined and weighted is application dependent and plays a decisive role in the robustness 
and efficiency of the tracker. In real-time applications only a small percentage of the system resources can 
be allocated for tracking, the rest being required for the preprocessing stages or to high-level tasks such as 
recognition, trajectory interpretation, and reasoning. Therefore, it is desirable to keep the computational 
complexity of a tracker as low as possible. 
 
The object representation methods can be divided into five categories: model-based, appearance-based, 
contour-based, feature-based, and hybrid ones. Our tracking method is an appearance based one using both 
the color histograms to describe object color information and the local steering kernel (LSK) object texture 
descriptors. Bhattacharyya distance is used as similarity measure.  
 

2. Related Work 

The objective of video tracking is to associate target objects in consecutive video frames. A robust tracking   
algorithm must be able to solve the various difficulties in tracking, such as occlusion, rotation, size 
changes, the light changes etc. In recent years researchers have proposed a lot of tracking algorithms. They 
mainly based on motion model, optical flow, feature and image region features etc. Generally, in video 
object tracking, various techniques are involved, including motion object detection, background 
subtraction, shadow removing, object tracking, etc. 
 
Tracking methods can be divided into two main categories. In the first category, the state sequence of a 
target is iteratively predicted and updated using prior information from past measurements and likelihood 
information from current measurements, respectively. Various filters have been used to predict the state 
sequence of a target including Kalman filters[11] and extended Kalman filters for linear predictions, and 
unscented Kalman filters for non-linear predictions. The most general class of filters, however, is 
represented by particle filters, also called bootstrap filters, which are based on Monte Carlo integration 
methods. Methods belonging in the second category use various target characteristics, such as color or 
gray-level information, shape, and motion information and perform tracking by predicting changes in the 
appearance of the target from frame to frame. In tracking alone methods, the initial locations of the targets 
is usually specified manually. On the other hand, the majority of methods employing detection along with 
tracking use a detect-then-track approach where the target is detected in the first frame and then turned over 
to the tracker in subsequent frames. The main problem with these methods is that they aim to resolve 
detection and tracking sequentially and independently from each other.  
 
Visual Tracking problem can be formulated in two another different categories: generative and 
discriminative. Generative tracking methods use an appearance model to represent the target observations. 
Tracking is formulated as searching the target location that has the most similar appearance to the model. 
One example is using subspace models[15]. Other popular tracking methods include mean shift tracker, 
covariance tracker, and fragment tracker . Discriminative tracking methods cast the tracking as a binary 
classification problem. Tracking is formulated as finding the target location that can best separate the target 
from the background.  
 
 
 3. Proposed Method 
 
An appearance based approach uses both color histograms(CH) and local steering kernels(LSK) to track 
the objects in video. The algorithm employs spatial information through LSKs and color information 
through CH for representing both the object instances and search region in the frame. This method uses 
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color histograms(CH) and local steering kernel(LSK) object texture descriptors for identifying object on 
each frame. CHs and LSK features are compared using Bhattacharyya measure[23]. 

 
Prediction of the object on the following frame is obtained through Kalman filter method.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
                             Fig 1: Block diagram of  the proposed method 
 
 
 
 
 
 
3.1 LSK Feature Extraction 
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Local steering kernels (LSK) represent the local structures in images, and give a measure of local pixel 
similarities. LSKs are local descriptors of the image structure, which exploit both spatial and pixel-value 
information. They are a nonlinear combination of weighted spacial distances between a pixel of an image 
of size N1 X N2 and its surrounding M X M pixels. Local steering kernel measures the local similarity of a 
pixel to its neighbors both geometrically and radiometrically. The key idea is to robustly obtain local data 
structures by analyzing the radiometric (pixel value) differences based on estimated gradients, and use this 
structure information to determine the shape and size of a canonical kernel. 
 
For each pixel, we have to extract an LSK vector, which measures likeness of a pixel to its neighboring 
pixels.  Steps for calculating LSK for a pixel is given is below. 
 

      
3.2 Color Histogram Similarity 
 
Histograms are often used in image processing for feature representation (colors, edges, etc.). The complex 
nature of images implies a large amount of information to be stored in histograms, requiring more  and 
more computation time. Color histograms in particular have many advantages for tracking non-rigid objects 
as they are robust to partial occlusion, are rotation and scale invariant and are calculated efficiently. Many 
approaches in computer vision require multiple comparisons 
 of histograms for rectangular patches of an input image. In such approaches, we dispose a reference 
histogram and try to find the region of the current image whose histogram is the most similar. The 
similarity is given by a measure that has to be computed between each target histogram and the reference 
 one. Euclidean distance, histogram intersection, Bhattacharyya distance, or cosine or quadratic distances 
are used for the calculation of image similarity ratings. 
 
  Here we use color histogram similarity to eliminate background patches. In this method, search region is 
divided into overlapping patches  and extract three histograms for  each patch. These histograms are 
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compared with histograms of query image using Bhattacharyya distance measure. Then a binary similarity 
matrix is formed from this CH similarity matrix. A 0  indicates that candidate patch is more similar to 
background and a 1 indicates that candidate patch is more similar to object.  Method is shown below. 
 

 
3.3 Object Localization 
 
Object localization is performed on each frame based on the LSK and CH similarity matrices. Search 
region is divided into overlapping patches and for each patch, we construct two similarity matrices. LSK  
similarity between this patch and the object patch detected in the previous frame, MLSK and CH similarity 
matrix between this patch and previosly detected frame, BCH. Final decision is  taken by computing the 
final decision matrix.  
                                    
                                        M = MLSK � BCH 
 
* denotes the element-wise matrix multiplication. The new candidate object position  is at the patch with 
the maximal value in the final decision matrix. 
 
3.4 Search Region Extraction 
  
Linear Kalman filter is simple and efficient method for motion state prediction method. The Kalman filter 
is a set of mathematical equations that provides an efficient computational (recursive) solution of the least-
squares method. The filter is very powerful in several aspects: it supports estimations of past, present, and 
even future states, and it can do so even when the precise nature of the modeled system is unknown. The 
Kalman filter[11] addresses the general problem of trying to estimate the state x ∈ R of a discrete-time 
controlled process that is governed by the linear stochastic difference equation 
 
                                                         xk+1 = Axk + Buk + wk 
 
 
with a measurement z ∈ R that is 
 
                                                         zk = Hxk + vk . 
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The random variables wk and vk represent the process and measurement noise respectively.   
 
 
Object position in the initial  frame is given to the kalman filter algorithm which predicts the postion of the 
search region on the next frame. Method is shown below. 

 

4. Experimental Results 

The proposed method accepts a video and a query image as input and estimates the position of the object in  
the initial frame and subsequently tracks its movement in the remaining frames. Given below  is an 
example for the query image provided as input.    

 

 

 

 
 
 
 
 
 

                                                              Fig 2: Query Image 
 
The accepted video is then divided into frames. The initial frame is then selected and divided into 
overlapping patches. For each image patch, LSK features are extracted and compared to the query LSK 
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features to obtain LSK similarity matrix. Non-maxima suppression is applied to the LSK similarity matrix 
to obtain the final object patch. 
 
 
 

 
 
 
  
 
 
 
 
   
 
 

                                                        Fig 3: Object detection in initial frame 
 
After detecting the position of the object in initial frame, its position is given to the Kalman filter method 
which will predict the  position of the search region on the  next frame. Then color histogram of this search 
region is extracted for each plane and the binary color histogram similarity matrix is computed. Using this 
CH similarity matrix and LSK similarity matrix, final decision matrix is computed. Using this decision 
matrix, final object position on that frame is identified. 
 

 
 
 
 
 
 
 
 

 
                                                      Fig 4: Object detection in the 4th frame 

 
 
 
 
 
 
 
 
 
 
 

 
                                                     Fig 5: Object detection in the 20th frame 
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                                                    Fig 6: Object detection in the 70th frame 

5. Conclusions 

This method track the object in a video based on the color histogram and local steering kernel. The method 
identifies the object in the initial frame using local steering kernel. Using color histogram information and 
LSK features, target object in the current frame is identified. Its location in the next frame which best suits 
the object is then determined. Bhattacharyya coefficient is used as the similarity measure. The target object 
is determined with respect to the detected object in the previous video frame. Search region in the next 
frame is estimated using Kalman filter.   
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