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Abstract— Video surveillance is currently one of the most active research areas in vision. The processing framework of 
visual surveillance can be categorized into Low level and High level processing. It includes Background Subtraction, Object 
Detection, Object Tracking, Activity Recognition, etc. Tracking of objects is performed in high level application that 
requires location, position and shape of objects. In this study, we categorize the tracking method on the basis of object 
counts, type of processing and methods. Moreover, we discuss the importance of tracking and point out serious challenges in 
visual surveillance.  
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I. INTRODUCTION 
 
Object tracking is defined as the problem of 
estimating the trajectory of a pedestrian in the image 
plane while the object is in the transit station or 
motion. Object tracking has grabbed the attention of 
lot of researchers in computer vision. Applications 
that include object tracking are traffic monitoring, 
health care, video surveillance systems, robotic 
systems, people monitoring system, etc. In literature, 
many of the authors proposed single and multi target 
object systems. While comparing, Single object 
tracking with multiple object are more difficult and 
has more challenging issues. There are many issues 
related with object tracking such as background 
clutter, foreground clutter, partial occlusion, full 
occlusions, appearance changes, and tracking drift. 
Any tracking system must able to handle these issues 
in order to be robust and reliable. Other possible 
challenges of tracking are when the foreground object 
is similar to that of the background, the tracking 
system fails and begins tracking the distracter, and 
objects which exhibit very slow motion could be 
considered as background. Occlusion is the condition 
where the object of interest gets hidden by other 
surrounding or neighboring objects. Occlusion is the 
major challenge in all vision systems. The tracker 
tries to achieve the track in proper trajectory, but fails 
due the partial and full occlusion for a long time. 
Overhead cameras or input video from multiple 
cameras could be a solution to the occlusion. Non-
rigid object motion or foreground clutter is the spot 
where the object exhibits sudden changes in its speed 
of motion. This can also be referred as motion blur. 
Calculation of the speed of the object of interest for 
each  and every frame could be a way to handle 
motion blur. In case of outdoor environment, swaying 
trees contributes to background clutter. Illumination 
or appearance change is also experienced in case of 
outdoor environment. Object appearance changes 
over time and tracker must able to handle it. Solution  

to illumination variation is that learning based 
tracking where object appearance is determined over 
time and updated. Instead of taking the RGB value of 
frames, YCbCr value will drastically overcome the 
effects of illumination changes. The planning and 
implementation of tracking systems vary depending 
on their area of application. The object tracking 
system developed for one application cannot able to 
fit in for other application. The remaining of the 
paper is organized as follows: section II gives 
detailed description of object tracking systems with 
their classification based on object count, type of 
processing, and methods. Section III concludes the 
overall survey work.  
 
II. OBJECT TRACKING 
 
Object tracking is defined as the problem of 
estimating the trajectory of a pedestrian in the image 
plane while the object is in the transit station or 
motion.  This survey is going to provide the over -
view of object tracking systems offered by various 
authors and a way to classify the task of object 
tracking into different groups. In general, object 
tracking can be categorized as given in Fig. 1 

 
Fig. 1: categories of object tracking 
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A. Based on Object Count 
Object tracking can be classified based on the number 
of objects as i) Single object tracking or ii) Multiple 
object tracking. In single object tracking only a single 
object of interest is tracked by the tracking or the 
tracker can process the video with only one object. 
Multiple object tracking in contrast, tracks multiple 
targets that are present in the input video. Fig. 2 
shows detailed classification object tracking based on 
object count. 
 
III. SINGLE OBJECT TRACKING 
 
Authors of, proposed single object tracking. Single 
object tracking can be further classified into i) Point 
tracking, ii) Model-based tracking, iii) Contour 
tracking, iv) Appearance-based tracking. Here the 
single object of interest is tracked or tracker tracks 
video with only one object. 
 
Point Tracking 
Point tracking involves the detection of objects in 
successive frames, which are represented by dots. 
Points are assigned initially to the object of current 
frame based on previous object state (e.g. Motion, 
position). Bayes filter, Kalman filter, Particle filter 
comes under point tracking. Bayes filter is a 
probabilistic based approach that uses mathematical 
models to estimate unknown posterior pdf or object 
state . Most commonly used Bayes filter is Kalman 
filter . A Kalman filter is an optimal estimate of the 
object of interest with uncertain observations. It is 
unimodal and noise is of Gaussian type. Particle filter 
addresses the shortcomings of Kalman filter. Authors 
of used a particle filter to judge the object state at 
time t based on the previous object information at 
time t-1. Particle filter assigns a point also known as 
particle to the objects. These particles have a positive 
weight. Occlusion in point tracking can be overcome 
with Multiple Hypothesis Tracking (MHT). MHT 
creates a correspondence track for each object that 
enters the camera view field and terminates the track 
if the object leaves. 
 
Model Based Tracking 
Creation of 2-D or 3-D object model requires priori 
information about object form. Authors of have 
proposed model based tracking. This type of tracking 
handles partial occlusion, changes in object viewing 
angle and effects of illumination. Nevertheless, this 
method requires the creation of object models for 
each type of object and it is a difficult task. The 
object model is represented using sparse prototypes 
in. This model accounts for data and noise. The 
sparse prototype is learned and updated over time to 
incorporate the changes.  They conclude that multiple 
cues can be used to better identify the object and 
thereby improve the performance of tracking. Sample 
patches from the target observation are classified in . 
Pure, time-continuous target model adapts to cope 

with varying appearance & resistance to drift is 
achieved using two processes namely: absorption 
process and rejection process. MIL (Multiple Instance 
Learning) is used to settle the problem of object 
tracking. Often sample patches are taken from each 
frame to compute the feature vectors. Discriminative 
classifier takes both positive and negative samples 
from each frame. Object location is maintained and 
used for tracking. Tracker state is updated over time. 
Full occlusions over a long period of time are the 
scenario which  cannot handle.  
 
Appearance Based Tracking 
Appearance based tracking involves the utilization of 
visual information from the object. This information 
includes color, shape, texture, 2-D object motion. 
Appearance based tracking is sensitive to appearance 
changes. This type of tracking handles affine 
transformations. Often appearance based tracking and 
model based tracking are combined to yield robust 
results . Input to involves the region of target objects 
in the previous frame and a stored object instance. It 
then attempts to localize the object in current frame. 
The stored object instance is updated to resist 
illumination changes. The system  cannot handle full 
occlusions. LSK (Local Steering Kernel) similarity 
threshold can be used to stop tracking when the 
object is lost and also to handle occlusion. Tracker 
loses the target object if background and foreground 
are similar. Search region with larger area can be 
solved. However, increasing the search area will 
result in increased computational complexity. The 
disadvantage of appearance based tracking is 
overcome with the integration of model based 
tracking.  
 
Contour Based Tracking 
Contour tracking is the process of finding the target 
boundary. Object contour can be computed using 
contour evolution technique and shape matching. 
Contours can be represented by snakes, meshes, B-
splines, geodesic active contour, etc. Contour based 
tracking is implemented in. MRF (Markov Random 
Field) based Contour tracking predicts contour of 
current frame by extracting object contour in previous 
segmented frame and it is accompanied by a graph 
cut to get accurate segmentation results in .  MRF is 
used to minimize the energy. This system can 
effectively track the shape of the target object and 
does not require any post processing. The limitation 
of this scheme is that it accepts only one contour of 
the target object, cannot handle objects with fast 
shape variation. Region based active contour with 
watershed segmentation is used for lip contour 
detection in. The proposed localized ACM (Active 
Contour Model) is proven to be successful in 
situations where the lip and skin have same intensity 
levels. This system is further integrated into audio-
visual speech recognition. Algorithm for moving 
object detection and tracking is given in. Edge based 
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MRF modelling is used to get the spatio-temporal 
spatial segmentation result of initial frame. With this, 
change information from other frames is used to 
generate initialization criterion for other frames.  
 
IV. MULTIPLE OBJECT TRACKING 
 
Multiple object tracking tracks multiple moving 
targets. In recent years, many multiple object tracking 
or multi-target systems are suggested in. Multiple 
target tracking can be broadly classified as i) 
Learning based tracking and ii) Parametric based 
tracking. Learning based tracking uses a reference 
model or set of  

 
Fig. 2: Object tracking based on object count. 

 
positive & negative samples, then tries to find a 
match and finally performs tracking. 
 
Learning Based Tracking 
Learning based tracking constructs a 2-D or 3-D 
model of the object and requires priori information. 
This type of system tries to minimize the tracking 
drift, effects of illumination changes, and partial 
occlusion. Nonetheless, it incurs a significant 
computational cost in case of the 3-D object model. 
Learning based tracking is divided into a) Reference 
model and b) Classifier based. 
 
Reference Model / similarity metric based 
Reference model requires the creation of object 
instance/ object reference/ object model. This object 
instance is updated over time to incorporate the 
changes of object shape, position etc. Authors of  
propose a tracking system for video objects based on 
Grassmann manifold. Here tracking on the manifold 
and online updating of manifold basis matrices are 
done in alternate fashion to avoid the tracking drift. 
The main idea of Grassmann manifold online 
learning is to estimate the current appearance of 
objects on manifold using a set of particles and each 
particle is estimated by appearance and its change. 
This system cannot handle large partial & full 
occlusions, and large out of plane poses changes of 
the object. In, the authors propose a target tracking by 
leaning hybrid template online. Initially they are 
unifying features of different types so that they can be 

comparable with each other. Then object model is 
constructed & updated using current observed frames. 
This system is iterative in nature to learn object 
template and tries to locate every feature present in an 
object template within the observed frames. The 
proposed system uses flatness, sketch texture feature. 
This system robustly estimates scale & position of the 
object.  
 
Classifier Based 
Classifier based approaches include training of the 
tracking system. Based on the type of classifier used, 
the set of training dataset & the training process 
varies. The structured learning-based graph matching 
algorithm uses training data sets in . The training 
datasets are nothing but n observations from input set 
x and corresponding labels from an output set y. With 
the help of training dataset graphs are generated, 
following which node feature and structure feature 
are identified and differentiated. They also provide 
solution for learning over fitting with the help of 
regularization term. However, this system fails in 
handling occlusions. Solution to the problem of 
occlusion handling was presented in (Random 
Subspace Method). Construction of classifier 
ensemble that is robust against partial occlusions is 
done using a random subspace method (RSM). This 
system does not require any manual intervention or 
any additional information coming from stereo and 
motion clue. Holistic classifier and block based 
feature vector are used in the classification process. 
The ensemble is applied only when partial occlusions 
are detected. HOG (Histograms of Oriented Gradient) 
and HOG-LBP (Local Binary Pattern) descriptors are 
implemented. Base classifier used is SVM.  
 
Parametric Based Tracking 
In parametric based tracking, the object motion can 
be considered as parametric motion or the dense flow 
field computed for each frame . This type of tracking 
requires tracking to be carried out in predetermined or 
algorithmic manner. They use a set of defined models 
for performing target tracking. Kernel based tracking 
comes under this category. Traditional kernel based 
tracking is used to track single object successfully. 
Kernel based multi target tracker tracks multiple 
object, but fails to model their interaction. Singularity 
problem still exists. Embedding kernel tracker with 
the interaction model to get interactive kernel based 
multi target tracker is used to model the interactions . 
B. Based on Processing 
Based on processing, Object tracking is divided into 
i) Online tracking and ii) Offline tracking. Online 
tracking is the process of tracking objects in real-time 
applications. Recent and emerging area in object 
tracking is online tracking. Offline tracking is the 
process of tracking objects in stored video and so 
generally regarded as offline process. In many crimes 
such as theft or robbery after it has taken place, the 
Police or other department members are playing back 
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the CCTV footage to identify/recognize the criminal.  
Online tracking is an important area of research and 
challenging. Online tracking concepts is presented in 
. To accommodate changes in the object appearance 
and pose, online learning is presented in. Tracking 
and online updating is performed in alternate fashion. 
Online Bayesian estimation is performed to avoid 
tracking drift. A criterion is used to distinguish 
between changes caused by the target or by another 
object/background in order to avoid the online 
learning process. Partial occlusion handling is proven 
to be effective. Online object tracking with sparse 
prototype is shown in. Classical PCA (Principal 
Component Analysis) is exploited for learning 
appearance models. Object appearance is represented 
by sparse prototypes and then online learning and 
updating is performed. This system effectively 
handles occlusion and motion blur. Update error of 
online tracking is reduced in . Stable module, soft 
module and adaptive module are combined together 
to give an accurate location of tracking object, and 
tracker is capable of adapting to appearance change. 
Codebook is updated and hybrid feature map is 
generated with which the tracking is done. Hybrid 
template is built using a statistical measure which is 
used to select the most informative features . Features 
of different types are made comparable with each 
other. The system is presented with an iterative 
procedure in order to learn the object template from 
the observed frames. Confidence value is assigned to 
each feature based on that existing features are 
replaced with newer one. Features that are confident 
enough is used to localize the objects. Drastic 
changes in target appearance and gradual drift is 
handled in. Effective classifier is used to identify the 
sample patches taken from target of each frame into 
the background or foreground. Absorption process is 
used to take into account or update the reliable 
features. Whereas the rejection process, rejects 
features that are unsafe. Dominant model and 
continuous model are designed to ward off the 
influence of background. Proposed concepts are 
finally embedded into adaptive tracking system. 
Tracking by detection has been presented in. The 
object is separated from the background using a 
discriminative classifier. Positive and negative 
examples from each frame are drawn out by the 
classifier itself. MIL (Multiple Instance Learning) 
overcomes the shortcomings of traditional supervised 
learning and also requires only a few parameters. 
MIL is most appropriate for real-time applications. 
In offline tracking, stored video is processed by the 
object tracker. In the early days, many authors of  
proposed offline tracking systems that cannot be 
applied to real life applications. Speed of a moving 
vehicle is measured utilizing the techniques presented 
in within a structured environment using stationary 
stereo cameras. The tracking is carried out with the 
help of a particle filter framework. This system 
considers only curved and straight path constraint to 

avoid uncertainty about the vehicles' direction. 
However, this scheme cannot be applied to dynamic 
and time varying systems. Environmental state 
information is used to model the relationship between 
objects and environment . It is modelled by Bayesian 
tracking framework and the problem is solved using 
particle filters. This system is tested with image 
dataset which was available online. This strategy fails 
in complex & dynamic environments and occlusion 
handling. The object of interest is searched without 
training. This scheme does not require pre-
processing, segmentation, and any prior knowledge 
about the object. The cosine similarity measure is 
generated for the query image. This system 
determines the number and location of similar 
objects. Real-world samples are taken as input.  
 
C. Based on Methods 
Authors of have presented detailed methodologies 
from background subtraction to object tracking. They 
gave details of pre-processing tasks such as 
background subtraction, object classification, object 
models etc.  They have classified object tracking into 
point tracking, kernel tracking and silhouette 
tracking. Refer  for more details. Based on methods, 
Object tracking can be classified into i) Kalman Filter 
ii) Extended Kalman Filter iii) Particle Filter iv) 
Extended Particle Filter. Kalman filter was developed 
as a solution for linear problems. A Kalman filter is 
an optimal estimate of the object of interest with 
uncertain observation. Kalman filter has predict and 
update step, which is given in Equation (1) - (5) 
Predict step: 

 
Where x is a state vector, k current time step, F is 
state transition matrix, Q state noise over time, P is 
the status of the covariance matrix.  
Update step:          

 
Where H is observation matrix, Z is observation 
vector, R is measurement noise covariance. The noise 
in Kalman filter in general, is unimodal and Gaussian. 
The disadvantage of the Kalman filter is: it requires 
continuous data, can be applied to offline systems 
only, and cannot be applied to non-linear & non-
Gaussian systems. Particle filter is nothing but Monte 
Carlo sampling. Particle filter tries to approximate the 
posterior probability using the set of random samples. 
Particles with positive weight are assigned to object. 
The state equation of particle filter is given in 
Equation (6) & (7) 
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Where x is the object state, w is the positive weight 
assigned to particles, Z is the observation vector.  
Weight is assigned using  
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Where q is the proposal distribution. The noise in 
particle filter is of uni or multimodal and any 
distribution. The computational speed of particle 
filter is slow and it provides approximate solution.  
 
TABLE I 
OVERVIEW OF OBJECT TRACKING METHODS 

REF. 
NO. 
YEAR 

METHOD CONCEPT 

Appearance based Tracking 
[2] 
2013 

Appearance 
based 

A visual object tracking 
framework, which employs an 
appearance-based representation 
of the target object, based on 
local steering kernel descriptors 
and color histogram information. 

Classifier based Tracking 
[1] 2013 Classifier 

based 
A novel structured learning 
based graph matching approach 
to track a variable number of 
interacting objects in 
complicated environments. 

[19] 
2013 

Classifier 
based 

A general method to address 
partial occlusions for human 
detection in still images. 

Contour Tracking 
[10] 
2011 

Contour A novel algorithm for moving 
object detection and tracking one 
for spatio-temporal spatial  
segmentation and the other for 
temporal segmentation 

[21] 
2010 

Contour A novel video segmentation 
system that integrates Markov 
random field-based contour 
tracking with Graph-cut image 
segmentation. 

[22] 
2012 

Contour A region-based active contour 
model (ACM) with local 
information using watershed 
segmentation is proposed for lip 
contour detection. 

[16] 
2006 

Literature The goal of this article is to 
review the state-of-the-art 
tracking methods, classify them 
into different classes, and 
identify new trends. 

Model based Tracking 
[5] 
2013 

Model based A novel online object tracking 
algorithm with sparse prototypes, 
which exploits both classic 
principal component analysis 
(PCA) algorithms with recent 
sparse representation schemes 
for learning effective appearance 
models. 

[7] 
2012 

Model based A novel tracking algorithm that 
combines complementary 

tracking modules with a new 
object representation model to 
balance between stability and 
Adaptivity. 

[12] 
2011 

Model based A novel adaptive tracking 
algorithm which is able to 
effectively cope with drastic 
variations in target appearance 
and resist gradual drift. 

[13] 
2011 

Model based Address the problem of tracking 
a target in a video given its 
position in the first frame and no 
other information. 

Optical Flow based Tracking 
[8] 
2012 

Optical flow A novel robust local optical flow 
approach based on a modified 
Hampel estimator and strategy to 
adapt the window sizes to cope 
with the generalized aperture 
problem. 

Parametric based Tracking 
[6] 
2012 

Parametric 
based Tracking 

A novel interaction model to 
explain a moving object’s 
motion is not merely defined by 
its virtual destination, but also 
affected by other neighboring 
objects. An object usually moves 
toward a particular direction, but 
meanwhile detours when close to 
others to avoid collision. 

[15] 
2010 

Parametric 
based Tracking 

A generic detection/localization 
algorithm capable of searching 
for a visual object of interest 
without training and operates 
using a single example of an 
object of interest to find similar 
matches, does not require prior 
knowledge (learning) about 
objects being sought, and does 
not require any pre-processing 
step or segmentation of a target 
image. 

Point Tracking 
[3] 
2013 

Point Tracking A robust threshold decision 
algorithm for video object 
segmentation with a 
multibackground model. Second, 
we propose a video object 
tracking framework based on a 
particle filter with the likelihood 
function composed of diffusion 
distance for measuring color 
histogram similarity and motion 
clue from video object 
segmentation. 

[9] 
2012 

Point Tracking A novel visual tracking method 
for measuring the velocity of a 
moving vehicle within a 
structured environment using 
stationary stereo cameras. 

[14] 
2010 

Point Tracking A novel tracking method for 
effectively tracking objects in 
structured environments. 

[17] 
2003 

Point Tracking Survey Bayes filter 
implementations and 
demonstrate their application to 
real-world location-estimation 
tasks common in pervasive 
computing. 

[18] 
2013 

Point Tracking A novel algorithm called 
multiple detection, multiple 
hypothesis trackers to effectively 
track multiple targets in such 
multiple-detection systems. 

[20] Point Tracking Review of both optimal and 
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2002 suboptimal Bayesian algorithms 
for nonlinear/non-Gaussian 
tracking problems, with a focus 
on particle filters is made. 

Reference Model 
[4] 
2013 

Reference 
Model 

A novel Bayesian online learning 
and tracking scheme for video 
objects on Grassmann manifolds. 

[11] 
2011 

Reference 
Model 

An adaptive tracking algorithm 
by learning hybrid objects 
templates online in video. 

 
CONCLUSION 
 
In this paper, we described various approaches of 
object tracking methods and also we classified object 
tracking into three different categories like  based on 
object count, type of processing, and methods. Object 
tracking is a high level processing framework in 
visual surveillance. We have pointed out the 
challenges of object tracking. Moreover, we have 
focussed the advantages, shortcomings and some 
possible solution of the papers taken from the survey. 
This paper also provides an overview of the object 
tracking systems as presented in Table I. It will be 
useful to understand the object tracking in visual 
surveillance. 
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