
 

Abstract—The aim of tracking is to detect objects through 

images. This paper focuses on detection of moving objects in a 

scene and tracking of the objects as long as they remain in 

camera view. Initially noise removal and image enhancement is 

carried out. The objects are detected from the supervised 

Euclidean segmentation of the image frames. An object 

recognition algorithm then classifies the segmented objects by 

employing minimum distance classifiers approach, and by 

comparing various length and shape descriptors. Finally, 

object trajectory is generated based on centroid location of 

geometric object. For the case study, we have considered 

tracking of a tennis ball and shown its trajectory after tracking. 

This method assures accurate image segmentation via 

specifying color intensities of the object.  Although median 

based approach gives much better results but it’s rather much 

more expensive. Same case is with Census Transform method 

that is computationally expensive and is complex if multiple 

objects are there per frame.  

 
Index Terms—Object tracking, tennis ball, segmentation, 

pattern recognition, and trajectory. 

 

I. INTRODUCTION 

Object detection and tracking in complex environment 

with multiple objects and their tracking is a significant 

objective in the area of computer vision, due to its extensive 

applications in many areas, such as traffic monitoring 

system, video surveillance, sports replays and robot 

navigation etc. The handiness of good quality and low price 

video cameras and the increasing requirement for automated 

video analysis has generated a good deal of attention in the 

areas of motion detection, object tracking and gesture 

analysis. Thus on a very high-level, it is possible to identify 

three steps in video analysis: detection of a moving object, 

tracking of the detected object in different frames, and 

analysis to recognize or characterize the object. This paper 

focuses mainly on the problem of lusty foreground 

segmentation of moving objects. The paper is ordered as 

follows: Section II discusses relevant research work and 

various techniques in the area of the object detection. 

Section III talks about the problem of tracking objects and 

our proposed solution. Section IV describes the results of 

the experiment, and finally conclusions and future work is 

presented in Section V. 
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II. RELEVANT RESEARCH WORK 

Despite much research work done on object recognition 

from a set of images, it is still an active area of research in 

computer vision. Content-based indexing through automatic 

targeted object detection and its recognition procedure has 

become one of most promising and intriguing problem for 

the years to come in, in order to face the termination of 

traditional informational systems. The objective of detection 

and its recognition is to find e.g. human faces, vehicles and 

buildings etc [1]. It has been applied successfully to adult 

content filtering of the web data, traffic controls, safety 

controls, geo-localization of images, videotele conferences, 

or sagacious man made machine intercourse. A survey on 

moving object detection and tracking in video surveillance 

is presented in [2]. Another paper [3] illustrates the 

detection and tracking of humans from a single video 

sequence using a pixel based motion detector to find region 

of interest (ROI) while using a model based approach. Paper 

[4] tracks a locomotive object by the Kalman Filter and its 

features. It detects all mobile objects in the frame. The 

method can also differentiate and track all locomotives 

individually and work in muss scenes satisfactorily. They 

detect all mobile objects, and for tracking they use the 

Kalman filter, color traits and position that is telling the 

distance of the targeted object from one frame to the next. 

Object tracking is one of the most important aspect of 

sports video study. It has been prominently used to detect 

and track a player and a ball in a video. Common tracking 

method is based on Kalman filter usage for direct detection 

[5] and circular Hough transform based detection/tracking 

using neural classifier [6]. One more oncoming technique 

for tracking has foundations on trajectory report of the 

objects that are in motion within the frame [7]. Pose 

estimation and tracking a baseball in a video sequence is 

shown in [8], where upon utilizing the trajectory information, 

the ball position is judged and at the end ball is tracked 

efficiently along its trajectory. Another motion tracker [9] 

resolves typical tracking challenge, which is object’s 

occlusions in the scene based on cluster information. A new 

approach has been presented in the context of pose 

determination of the object recognition and object class 

determination [10]; an algorithm has been tested on the 

simulated data as well as on the real data available. Overall 

experimental results have been extremely efficient with a 

recognition rate of about 97%, for 122 frames per second for 

about 60 objects. 

Another research that has been carried out regarding 

object recognition and pose estimation deals with rigid body 

segmentation in a set of 2D images and estimates its 3D 

pose based on primitive knowledge of 3D model of the 

object [11]. The fundamental approach includes basic shape 
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and feature classification according to which modelling 

paradigms were predicted. Segmentation has been carried 

out by combining the edge based Geometric Active Contour 

(GAC) framework and region based technique that uses 

global image statistics.  Since dynamic cluttered 

environments pose problems in the detection of objects of 

interest and their tracking, the possibility of occurrence of 

occlusions or missing information in image data set has been 

taken into account. Allili and Ziou [12] have also driven a 

model for tracking a video sequence entirely in the presence 

of non-static background environment.  

 

III. PROPOSED APPROACH/METHODOLOGY 

Our object tracking and detection algorithm is designed as 

a loop having three steps:  

1) Detecting object based on supervised segmentation   

2) Validating model and classification on the basis of 

shape based descriptors, 

3) Tracking of the model in consequential frames. 

Input to our algorithm is a sequence of camera images, 

where region of interest could either be chosen by manually 

selecting the colour of the object to be tracked, asking the 

user to select ROI interactively. Alternatively, the outcome 

of pixel based motion detector could be assigned to the 

ROI( background subtraction). 

After a segmented object region is achieved, which is 

merely raw data with a boundary, we try to describe the 

region using shape based description and representation. 

Some of techniques used for this purpose are freeman chain 

codes [13], minimum perimeter polygons, shape numbers, 

boundary and texture descriptors. Pattern recognition is 

performed, that assigns the objects to their respective classes 

with as little human involvement as possible. This is usually 

carried out using decision theoretic methods such as 

minimum distance classifiers, correlation and adaptive 

learning. The minimum distance classifier approach has 

been used here to detect round shapes from the video 

sequences. 

Based on the change of the object locations in successive 

frames, a trajectory is estimated and hence prediction of the 

ball locations for future frames is possible by modelling the 

ball trajectory using a cubic spline. This approach is widely 

used in cricket matches using cameras with high frame rates. 

The basic block diagram of our detection and tracking 

system is given below Fig. 1. 

A. Object Segmentation 

Human visual system gives very accurate evaluation for 

naturally existing colour image. Imitating the human way of 

analysing images, algorithms are designed to process a 

given image and to get better image quality than the original 

image. Processing is done on three colours R, G, and B of 

monochrome image separately and then combined to get a 

collective image. This procedure is sufficient to enhance the 

brightness of images [14], [15]. 

Noise introduction into digital images can be during 

transmission or acquisition. A decision based adaptive 

median filter is used to remove salt and pepper and other 

forms of noise. Restored images show significant 

improvement as compared with the originals. This 

procedure is much better for handling noise even at high 

levels [16]. 

Object Segmentation

Image Enhancement and 
noise removal

Euclidean Segmentation 
using ROI from user/
motion based tracker

Morphological 
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opening, closing

Object Detection

Shape and region 
based description 

and 
representation 

Object 
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Object class 
library

Tracking
 

Centroid, bounding box 
generation

Trajectory generation,
 ray tracing

 
Fig. 1. Overall flowchart of the object detection and tracking method. 

 

After image pre-processing is done, we proceed with 

image segmentation based on colour. A supervised human 

effort is required, which would be shifted to unsupervised 

segmentation by using pixel based motion detector. Division 

of image by segmentation into regions essentially divides 

the image into two segments; one is the concerned object or 

foreground pixels, and the other is background. By using 

series of simple operations, segmentation is done on every 

pixel of the image, based on Euclidean distances in colour. 

The Euclidean distance     measure is often used to figure 

out distance in N-dimensional vector space. It is calculated 

as: 

 

                                        

 

where ||•|| is the    vector norm. For a three-plane colour 

space the distance calculated is 

 

                   

             
               

             
  

 

where  is a colour triplet, applying Euclidean based 

segmentation using the distance approach gives us a 

segmented object, as shown in Fig. 2. Additionally, 

morphological processing, which is a standard step in 

imaging, is applied on segmented images. Opening of 

images by using disk for ball tracking application smoothens 
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it, removes thin protrusions and rounds the corners [17],  

[18]. 

 

 
Fig. 2. Various results of the ball segmentation and morphological 

operations. (a) ROI (b) Euclidean segmented image (c) Opened Image 

showing ball shape, disk size 9, with centroid and bounding box (d) 

Boundary Length descriptor 

 

B. Object Recognition 

After we get the raw data from segmented images, which 

are merely a collection of black and white pixels, we try to 

represent and describe the object in terms of more 

understandable region and shape descriptors. 

Freeman chain code is most common approach used to 

represent different shapes/contour i.e. planner, curves and 

contour of the object. Hence there is need to extract contour 

first that is done through segmentation. A fundamental 

problem occurring in geometric optimization is to compute a 

minimum-area or a minimum-perimeter. Let n ∈ N  i s  a  

positive integer and      
 i s  the support function of the 

    . Where n is denoted by PB,n  that is set of convex 

lattices of polygon having minimum perimeter than ∥ ·∥ . 

     holding all the members of the polygon that polygon 

is having minimum perimeter. Its perimeter is represented as 

       . Since the perimeter is invariable under conditions of 

lattice translations, we will be supposing that      is 

positioned at the origin &  
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where 

A is area and B is its unit ball [19]. 

In most images, tennis ball appears in a circular or 

elliptical shape. Hough transform is an effective method that 

helps in detecting shapes such as points, lines and circles 

and behaves very well in partially occluded shapes [20]. 

Object detection in our case has been carried out based on 

the minimum distance classifiers approach [21]. Supposing 

that each pattern class is stated by an average vector   , 
which is the interpreter of that class of the vectors; 

 

    
 

  
   

 

    

              

 

where    the number of training pattern vectors from class 

   and recapitulation is taken over these vectors while   

defining the number of pattern classes.   is the unknown 

pattern vector whose class membership is to determine. One 

method to determine the class of    (unknown pattern vector) 

is to allocate it to the closest prototype class. Using 

Euclidean distance of similarity as a measure of similarity 

reduces the issue to compute distance measures. 

 

                                 

 

Then   is allocated to class    when      is the least 

distance. 

C. Object Tracking 

Object tracking has been done by highlighting the 

trajectory between centroids of the geometric shape (tennis 

ball in our case) between two consecutive frames. An arrow 

has been used to mark the centroid difference between two 

consecutive points and an overall path of the ball is achieved 

as shown in Fig. 3.  

 

 
Fig. 3. Ball trajectory generated after centroids are labeled in each frame. 

 

IV. RESULTS 

The videos used for experimentation were 30 frames per 

second, with a resolution of 320x240. They were taken in an 

indoor environment with a video camera. For the case of 

experimentation, an orange coloured tennis ball has been 

tracked. The algorithm was implemented in MATLAB and 

works offline as of now. Appreciable results were obtained 

by supervised object segmentation, and they became better 

after performing morphological operations i.e. opening/ 

closing. Object / pattern recognition correctly classifies the 

rounded object as ball in our case. The Fig. 3 is a trajectory 

of the tracked ball in the video sequence. 

 

V. CONCLUSION 

The proposed method guarantees satisfactory nice image 

segmentation by specifying colour intensities and tracks 

objects of interest.  A minimum distance classifier approach 

is used for object classification. Tracking is achieved by 

specifying centroids of the object in each frame. Intensity 

specification guarantees that the object of interest is tracked 

in each image instead of the median based approach, which 

is more efficient for background estimation but is rather 

expensive while for census transform that computes for 

RIO

(a) 

Euclidean segmented image

(b) 

Opened Image showing ball shape, disk size 9, with centroid and bounding box

(c) 

Boundary Length Descriptor

(d) 
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every pixel by comparing its grey value with the 

neighbouring grey value. As the size of window used here 

increases it ultimately increases the requirement of 

variable’s size i.e. variables required to store census value 

would be 23 for 3×3 window, this results in to the increment 

of the computational complexity. Future work should 

concentrate on implementing segmentation which would 

work with occluded images with multiple objects and is 

more computationally efficient. Adaptive learning could 

also be integrated in object classification in future. 3D 

trajectory reconstruction is recommended for more 

knowledge about the trajectory of the ball/object tracked for 

more exhaustive analysis and visual perception.  
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