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Abstract - Human tracking system has become a very important where security is the priority. Tracking the object in the 
frames from the video is a key research topic in the computer vision community. The proposed system consist of targeting 
human face of interest, where we investigate long-term tracking of that face in a video clips. We are using Template 
Matching Algorithm which is novel tracking framework (TLD) that explicitly decomposes the long-term tracking task into 
tracking, learning and detection.  The tracker follows the object from frame to` frame. The detector localizes all appearances 
that have been observed so far and corrects the tracker if necessary. A P-N learning method estimates the errors by P-expert 
which estimates missed detections, and N-expert which estimates false alarms.  The learning estimates detector’s errors and 
updates it to avoid these errors in the future. Experimental results shows that our approach achieves good performance on 
video sequences. 
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I. INTRODUCTION 
 
Detection and tracking people are important for many 
applications, such as automotive safety, surveillance, 
virtual reality, intelligent control, human-computer 
interaction and model-based coding and so on. For 
this we need to select the objects of interest first and 
then track them across different frames while 
maintaining the correct identities. The two principal 
sources of difficulty in performing this task are:  
 
(a) Changes in appearance of the objects with 
viewpoint, illumination and clothing, and 
(b) Partial occlusion of objects of interest by other 
objects. 
 
In this paper, we present a novel approach, resolving 
some of these problems, for detecting and tracking, 
moving human. One of the great open challenges in 
computer vision is to build a system that can 
continuously track the targeted human. Human 
tracking using Template Matching is a high-level 
machine vision technique that allows to identify the 
parts of an image that match the given image pattern. 
It has turned out to be a revolution in the field of 
computer vision. Template matching provides a new 
dimension into the image- processing capabilities, 
although there have been many attempts to resolve 
different issues in this field. Template Matching is a 
high-level machine vision technique that allows to 
identify the parts of an image (or multiple images) 
that match the given image pattern. It can be used in 
manufacturing as a part of quality control, a way to 
navigate a mobile robot, or as a way to detect edges 
in images. There are various methodologies which are 
used for implementing Template Matching. 

1.1 Feature-based approach: If the template image 
has strong features, a feature-based approach may be 
considered.  The approach may prove further useful if 
the match in the search image might be 
 transformed in some fashion[5][6].  
1.2 Template-based approach: For templates 
without strong features, or for when the bulk of the 
template image constitutes the matching image, a 
template-based approach may be effective. Template-
based template matching may potentially require 
sampling of a large number of points, it is possible to 
reduce the number of sampling points by reducing the 
resolution of the search and template images by the 
same factor and performing the operation on the 
resultant downsized images, providing a search 
window of data points within the search image so that 
the template does not have to search every viable data 
point, or a combination of both [3].                        
1.3. Motion tracking and occlusion handling: In 
instances where the template may not provide a direct 
match, it may be useful to implement the use of 
eigenspaces– templates that detail the matching 
object under a number of different conditions, such as 
varying perspectives, illuminations, color contrasts, 
or acceptable matching object “poses”[7].  
1.4. Deformable templates in computer anatomy: 
Template matching is a central tool in        
Computational Anatomy. The deformable template 
model[9] models the space of human anatomies is an 
orbit under the group action of diffeomorphism. 
Template matching arise as a problem in matching 
the unknown diffeomorphism that acts on the 
template to match the target image[9]. 
1.5. Template-based matching and convolution 
A basic method of template matching uses 
a convolution mask (template), tailored to a specific 
feature of the search image, which we want to detect. 
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This technique can be easily performed on grey 
images or edge images. The convolution output will 
be highest at places where the image structure 
matches the mask structure, where large image values 
get multiplied by large mask values. 
Template matching is a 'brute-force' algorithm for 
object recognition. Its working is simple: create a 
small template (sub-image) of object to be found, say 
a  football. Now do a pixel by pixel matching of 
template with the image to be scanned for, placing 
(center of ) the template at every possible pixel of  the 
main image. Then, using a similarity metric, like 
normalized cross correlation, find the pixel giving 
maximum match. That is the place  which has a 
pattern most similar to your template (football). This 
is just the brief description of template matching. You 
can find proper derivation of normalized cross 
correlation   in standard texts on Image 
processing. i.e. Template Matching is a technique for 
finding particular areas of an image that gives 
maximum match (are similar) to a template image 
(patch) [1].We need two primary components- Source 
image (I): The image in which we expect to find a 
match to the template image. Template image (T): 
The patch image which will be compared to the 
template image. Our goal is to detect best technique 
for the highest matching area.  Template matching is 
one of the best tracking technique in recent times[2].  
 
II. METHODOLOGY 
 

 
Figure 1: System Architecture for Generic TLD based object 

detector 
 
As shown in Fig.1 the propose system consist of three 
steps: Bounding box tracker, learner, match 
processing detector.  
Step1: Move the center (or the origin) of the template 
T(xt, yt) over each (x, y) point in the search image.         
Step2: Calculate the sum of products between the 
coefficient  in S(x, y) and T(xt, yt) over the whole 
area spanned by the template.        
Step3: The position with the highest score is the best 
position. 
 
2.1 Bounding Box: 
1. Initial selection of the unknown object to be 

tracked, using a bounding box forms the initial 
state of the object. Bounding box has a fixed 
aspect ratio parameterized by it’s initial 
bounding box location and scale.  

2. This bounding box forms the initial ROI (Region 
of Interest).  

3. Bounding Box tracker tracks the position of 
bounding box from frame to frame.  

4. It updates the co-ordinates of the new location of 
object, i.e the bounding box. 5. The initial 
bounding box template is stored as a P-patch by 
the learner.  

5. The tracker estimates probable location for 
object using RectROI.  

6. The initial bounding box is the initial ROI. It is 
expanded by 10% on all side to form RectROI. 
RectROI is estimated for each video frame by 
tracker. 

2.2 Tracking, learning and detection 
In a given video frame, when the object is bounded, 
the size of bounding box is measured and grids of 
same size are made all over the frame. This is the PN 
Grid. Each grid forms a patch which is classified 
either as object patch or a background patch. Learner 
block belongs to semi-supervised learning that 
exploits both labeled & unlabeled data. The key idea 
is to separate the estimation of false positives from 
the estimation of false negatives. For this reason, the 
unlabeled set is checked two times, first based on the 
classification and second each template is analyzed 
by an independent expert in Validation Logic. 
Classifier logic classifies the unlabeled data into three 
classes, similar, some-what-similar, no match class 
depending on the matching value. For the proposed 
system matching value above 0.95 is a match, below 
0.85 is no-match and in between 0.85-0.95 is some-
what-match class. Validation Logic is the crucial 
element of Learner block, which estimates classifier 
errors. The validation logic gives final labels. Similar 
class is given P-patch label, no-match class is given 
N-patch label and patches which fall into   some-
what-similar class are checked using validation logic 
for a match or no match. The Validation logic, 
verifies the patch Bounding Box Tracker that falls in 
some-what-similar class, whether it is a real match or 
not. Validation logic contains P-experts and N-
experts.    N-expert takes the respective 
patch/template and compares it with all other N-
patches in training database. If it finds a match, it 
means it is a false positive and hence rejects it, and 
labels it as N-patch. P-expert takes patches that fall in 
no match class and compares the respective patch 
with all the    P-images in database. If it finds a 
match, it means it is a false negative; hence it labels it 
as a P-patch. The trained Images Db consists of a 
label for every patch. It consists of labeled patches as 
P or N. P patches correspond to tracked object and N 
to background. P patches denotes various new 
features of the object learnt from previous video 
frames. New patches are appended at the end of the 
database. Hence, newly learnt features lie at higher 
indices of trained Images Db. Hence, matching of 
current template with the P-patches stored in the 
trained Images Db is done in reverse order. 
 
III. IMPLEMENTATION 
There exist multiple packages that offer tools that can 
be used to implement computer vision systems. One 
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such package is EmguCV. This is a C# wrapper for 
the Open CV package which is in C++. Open CV 
version 2.4.2 is used for developing the proposed 
system. Pseudo Code for Generic TLD based  
 
Object Tracker  
 
1:  Copy the frame incoming from web-camera to 
imgMain.  
2:  Bound the object to be tracked using a bounding 
box. 
3:  Expand the bounding box by 10% on all sides to 
get       rectROI.  
4:  Do      
         {       
4.1: Divide the current video- frame into  grids of 
same size as bounding box.       
4.2: Apply template matching for  current              
template from video frame with  rectROI.           
       {                 
1. If  

(matching value > 0.95)                          Bound 
the location of matched frame                   
 

2. Else If  
(matching value < 0.85)                         No match 
Increase ROI by 10% on all sides                                                              
Execute Step 4 again. 
                 

3. ElseIf  (0.95 > matching value>    0.85)  
                   
{                     
 
3.1. Apply template matching of current template  N-
images in trainedImagesDb                         
             
{                          
           If (matching value > 0.95)                               
           Put the current template in  rejected frames. 
           ElseIf (matching value < 0.85)           
           No match                          
           ElseIf (0.95 > matching value> 0.85)    
           Store it as a P-patch in trained ImagesDb                         
}                     
 
3.2 Apply template matching of current template                           
with P-patches in trainedImagesDb.                        
{                            
If (1 < matching value > 0.85)                                                                   
Put the matched patch in P-patches Of                                                                    
trainedImagesDb                          
}         
} 
 
4.3: Execute step 4.2 for the next template in  
rectROI.  Until all the templates in rectROI are 
processed.                                                                    
}  
while(video-capture is true).  
  

5:  Display the Bounded Object   
6: Loop through Step 3 Until video frame input is 
finished. 
 
IV. RESULT 
 
Following are the snapshots of execution of the 
template matching system and  Generic TLD based 
Object Detector are given below. 
 

 
Fig.2 Face Tracking using template Matching 

 
The region which is bounded by the selected yellow 
rectangle which is called asw bounding box. 10% 
increase in the region of bounding we will get region 
of conversion which is marked by red colored 
rectangle. As shown in Fig.2 

 
Fig.3 Tracked Face 
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Fig.4 Bounding Box and ROI 
In the given figur the selected region by yellow 
rectangle is bounding box and and rion selected by 
red border is used to indicate ROI which is made by 
increasing Bounding box from all the sides by 10%. 
 

 
Fig.5 Processing window. 

 
Processing window indicate all the movement done 
by the targted face. Fig.6 shows training samples P 
and N patches. 
 

 
Fig.6 Traning samples 
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