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Abstract 
 

In the field of computer vision object tracking is an area that has been explored by many researchers and scholars but 

still there remain scope for improvement and innovation. To design a robust visual tracker itself is a challenging task 

apart from which its role in forensics and videos surveillance is significant. In this paper we mainly review approaches 

that are used for robust tracking of object, we survey work done by authors by mentioning the advantages and 

drawbacks of system proposed by them. Also we propose to implement a new technique for robust visual tracker using 

WSTC algorithm. In proposed approach we aim to remove the drawbacks of existing system at the same time also 

prove the same by experimental results obtained on standard dataset. 

Keywords: Visual Tracking, Context learning, Computer Vision, Pattern Matching. 

1. Introduction 

Visual tracking has attracted much research due to its importance in practical applications such as. 

human computer interaction, video surveillance, virtual reality, object navigation, etc. in unconstrained 

environments trackers are usually required to work in a long period, Challenges arise due to the robustness 

of trackers under various factors such as illumination variation , pose changes and occlusion. To overcome 

these difficulties, various complex models are designed with focus on the target appearance. In general a 

visual tracking system generally comprises of three parts: First appearance model that evaluates the 

likelihood of the target candidate state; Second motion model that is utilized for predicting possible state of 

the target; and third search strategy that is to be exploited for finding optimal state of the target. Some work 

has also been done on the search strategy as in [23], [24]. In real world applications, the motion of target is 

very difficult to define, especially when the video is captured by a moving camera, hence just a few works 

pay attention to the motion model as in [25], [26]. The aim of object tracking is to estimate the states of the 

target in image sequences. It therefore plays a critical role in numerous vision applications like motion 

analysis, activity recognition, video surveillance and traffic monitoring. While much progress has been 

made in recent years, it is still remains challenging problem to develop a robust algorithm for complex and 

dynamic scenes due to large appearance change caused by varying illumination, camera motion, 

occlusions, pose variation and shape deformation and many more as in [1]. 
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Correlation filter is a class of visual tracking algorithms that demonstrates better performance. 

Average of Synthetic Exact Filters (ASEF)[27] and Unconstrained Minimum Average Correlation Energy 

(UMACE)[28] are also two representative algorithms, after that, Minimum Output Sum of Squared Error 

(MOSSE)[29] was proposed which is robust to factors that are variations in lighting, scale, pose, and non-

rigid deformations and operating at 669 frames per second. Recently, motivated by MOSSE, Kaihua Zhang 

proposed a spatio-temporal context (STC) [30] learning algorithm which considers the target itself and the 

surrounding context simultaneously. There are many researchers who have exploited context [31-33]. 

When the target undergoes a heavy occlusion, STC can infer out the center location of the target by the 

information of the surrounding context.  

2. Related Work 

2.1 Robust Object Tracking via Sparsity-based Collaborative Models [1] 

In this authors propose a robust object tracking algorithm that uses collaborative model. Here main 

challenge for object tracking is to account for drastic appearance change, they proposed robust appearance 

model that exploits holistic templates along with local representations. They have developed two sparsity-

based discriminative classifier (SDC) and also sparsity-based generative model (SGM). In first that is SDC 

module, an effective method to compute the confidence value that assigns more weights to the foreground 

than the background is introduced and in second SGM module, histogram-based method that takes the 

spatial information of each patch into consideration with an occlusion handing scheme is defined.  Also 

further an update scheme used thereby enabling the tracker to deal with appearance change effectively and 

alleviate the drift problem as it considers both the latest observations and original template. 

Sparse representation has recently been applied to vision problems [2], including image enhancement 

[4], object recognition [3], and visual tracking [5, 6, 7]. Mei and Ling [5] apply sparse representation to 

visual tracking and deal with occlusions via trivial templates. Liu et al. [7] propose a method which selects 

a sparse and discriminative set of features to improve tracking efficiency and robustness. One potential 

problem with this approach is that the number of discriminative features is fixed which may not be 

effective for tracking in dynamic and complex scenes. In [6], a tracking algorithm based on histograms of 

local sparse representation is proposed. Occlusion is one of the most challenging problems in object 

tracking. Adam et al. [8] propose a fragments-based method to handle occlusions. The target is located by a 

voting map formed by comparing histograms of the candidate patches and the corresponding template 

patches. However, the template is not updated and sensitive to large appearance variations. 

 

 

2.2 Fast Visual Tracking via Dense Spatio-Temporal Context Learning [9] 
 

Authors describes simple yet fast and robust algorithm that exploits dense spatio-temporal context 

used for visual tracking. This approach formulates the spatio-temporal relationships between the object of 

interest and its locally dense contexts formed in a Bayesian framework that models statistical correlation 

between simple low-level features from the target and its surrounding regions. By computing a confidence 

map which takes into account the prior information of the target location tracking problem is posed which 

thereby alleviates target location ambiguity. Further a novel explicit scale adaptation scheme is proposed, 

that is able to deal with target scale variations efficiently and effectively. For fast learning and detection 

Fast Fourier Transform (FFT) is adopted, which only needs 4 FFT operations.  

Visual tracking is one of the most active research topics due to its wide range of applications such as 

motion analysis, activity recognition, surveillance, and human-computer interaction, to name a few [10]. 

 

2.3 Robust Online Learned Spatio-Temporal Context Model for Visual Tracking [11] 
 

In today’s real world appearances of the target and its surroundings change continuously this provides 

effective information to track the target robustly. However, enough attention has not been paid to the 

spatio-temporal appearance information as a result authors in [11] proposed robust spatio-temporal context 

model based tracker to complete the tracking task in unconstrained environments. This tracker is 
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constructed with temporal and spatial appearance context models. The historical appearance of the target to 

prevent the tracker from drifting to the background in a long-term tracking is captured by temporal 

appearance context model. However spatial appearance context model integrates contributors to build a 

supporting field. The contributors are the patches with the same size of the target at the key-points 

automatically discovered around the target. The robustness of the tracker in complex environments is 

ensured by constructive supporting field that provides much more information than the appearance of the 

target itself. 

In [12], an Incremental Visual Tracker (IVT) is proposed, which adaptively updates its subspace-based 

appearance model with the sequential appearance variations. Fragment-based tracker [13] describes the 

target with multiple local patch histograms, which integrates the inner structure of the target and handles 

partial occlusion very well. Avidan [14] integrates the Support Vector Machine (SVM) classifier into the 

optical flow framework for car tracking. Grabner et al. propose an efficient supervised online boosting 

tracking method [15]. A semi-supervised version [16] is proposed, in which the labeled data in the first 

frame is used whereas subsequent training samples are left unlabeled. Bakenko et al. [17] use Multiple 

Instance Learning (MIL) to handle the unreliable labeled positive and negative data obtained online to 

mitigate the drift problem. In all these trackers, only the appearance of target is considered, but the 

relationships between target and its background are not fully exploited. 

 

2.4 Robust Object Tracking based on Detection with Soft Decision [18] 
  

Here authors presents a detection based object tracking method which forms object trajectories by 

associating detection responses. Discriminative classifiers of objects of a known class are learned and 

applied to the video sequence frame by frame. “Soft decision” the output of the detection module is which 

consists of a set of detection responses of different confidence levels. Classifiers with different 

complexities generate responses of different confidence levels. The cheap classifiers are applied to the 

whole image first, and then region accepted as object by the cheap classifiers are one to which expensive 

classifiers are applied. Object trajectories are initialized from the responses of higher confidence and 

hypothesized objects are tracked by associating with all the responses in the order of their confidence 

levels. The application area of this approach is applied to the problems of human tracking in indoor 

meeting videos and outdoor surveillance videos. 

 

 
Fig. 1 System diagram of work in [18] 

 

To track the objects, the detection responses at different frames are linked together to form the object 

trajectories. Wu and Nevatia [19] define an affinity measure between detection responses based on cues 

from position, size, and color and use the Hungarian algorithm [20] to associate object hypotheses and 

detection responses. New object trajectories are initialized whenever the detection responses do not match 

with any existing trajectories for a certain number of frames; old trajectories are terminated when they are 

lost by the detector for a certain number of frames. Li et al. [21] and Okuma et al. [22] use particle filter 

methods to associate the detection responses of an unknown number of objects. 

 

 

3. Proposed System 
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To design robust visual tracker is a challenging problem, there are many factors such as illumination 

changes, appearance changes, rotation, partial or full occlusions which causes disturbance in accuracy.   

Among existing trackers, correlation filter based tracker is a fast and robust method with provides 

resistance earlier mentioned factors. Motivated by spatio-temporal context learning algorithm STC as it 

treats the whole region of the context equally, which weakens the effectiveness of the context information. 

We aim to propose a novel weighted spatio-temporal context (WSTC) learning algorithm as this algorithm 

shall consider the surrounding context discriminatively and integrates a weighted map by evaluating the 

importance of different regions. Extensive experiments to be carried out on benchmark databases for 

performance measurement of algorithm. 

 

4. Conclusions 

 
As we know in computer vision, Visual tracking is a hot topic as it attracts many researchers over the 

world. In an unconstrained environment, there are a lot of challenging factors to be considered when 

designing a robust tracker that includes illumination changes, appearance changes, rotation, partial or full 

occlusions, etc. To deal with these challenges, a wide variety of trackers have been proposed and we have 

discussed in this paper. In this paper we mainly review approaches that are used for robust tracking of 

object; we study work done by authors by mentioning key features about system proposed by them. Also 

we propose to implement a new technique for robust visual tracker using WSTC algorithm. 
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