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Abstract— In computer vision, detecting motion and 

tracking of an object is catching more interest of 

researchers. Real time object tracking is becoming a 

challenging ingredient in analysis of video imagery which is 

important in efficient and robust object tracking. Most video 

processing applications require object tracking as it is the 

base operation for real-time implementations such as 

surveillance, monitoring and video compression. Also, 

object recognition and tracking are the key operations in 

most of the security systems. In various security related 

systems like military applications where very tight security 

is necessary, intrusion detection is very important. Intrusion 

detection is a task of detecting inappropriate or anomalous 

activity. Intrusion detection is a process of monitoring and 

analyzing the events to detect signs of security problems. 

Intrusion detection is the most essential part of the security 

infrastructure. Intrusion detection system must reliably 

detect malicious activities. In order to have a good security 

or surveillance system, moving object recognition and 

tracking should be efficient. This paper reviews various 

attempts made to have better surveillance and security 

systems. 
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I. INTRODUCTION 

In computer vision, moving object tracking and detection is 

of important research interest for variety of applications in 

diverse disciplines like visual surveillance, image 

stabilization for digital cameras, security surveillance, 

autonomous navigation, driving assistance system, motion-

based recognition, human computer interaction, traffic 

monitoring and vehicle navigation. Object recognition and 

tracking is an essential component of video surveillance 

system. Two major tasks that play important role in such 

systems are: object recognition and tracking. 

A. Object Recognition  

Object recognition is a process of finding the image region 

corresponding to that object. There are two ways in which 

object recognition can be done: 

(1) Comparing every pixel of an image of interest with 

every pixel of a number of other images stored in 

the processors memory [10], [11].  

(2) Calculating certain metrics like shape, edges, etc. 

based on the information extracted from image and 

comparing these values of metrics to predetermined 

values [12]. This is known as feature extraction and 

feature matching respectively. 

In applications like fingerprint recognition, the first 

method is commonly used since a large database of 

fingerprint or facial image samples is maintained in image 

form. This process is memory intensive as well as time 

consuming. On the other hand, the second method is useful 

when there are limitations on memory as well as time 

required to process data and produce results [6]. In feature 

extraction, most of the times shape and color of an object is 

taken into consideration. Color recognition is done mainly 

on hue-saturation-value of an object. In computer vision, 

shape based object recognition has become popular. There 

are many shape recognition algorithms which have been 

proposed in the past. A detailed survey of shape recognition 

algorithms can be found in [8], [9]. There are two 

approaches for shape based recognition, region based 

approach and boundary based approach [14]. Region based 

descriptors make use of information obtained from boundary 

as well as internal pixels. Well known region based 

descriptors are moment invariants [16]. While in boundary 

based approach, information obtained from boundary pixels 

is used while information obtained from internal pixels is 

not taken care of. Widely used boundary descriptor is 

Fourier descriptor [15]. 

B. Object Tracking 

Object tracking is the process of estimating location of 

moving object in the current frame. The objective of 

tracking is to establish the correspondence of objects in the 

consecutive frames of video. Tracking is the significant task 

for most of the video surveillance systems since it provides 

cohesive temporal information about moving regions which 

are used to enhance lower level processing results such as 

motion segmentation and also used to enable higher level 

data processing such as activity recognition. Following are 

the basic steps for tracking the object [13]:  

(1) Object Detection: In a given video sequence, 

identifying the objects of interest and clustering 

pixels of these objects is nothing but Object 

Detection. We can use frame differencing, Optical 

flow and Background subtraction for Object 

detection.  

(2) Object Classification: vehicles, birds, floating 

clouds, swaying tree, etc can be the different 

categories of object. Shape-based classification, 

Motion-based classification, Color based 

classification and Texture based classification are 

the approaches to classify the objects.  

(3) Object Tracking: As the object moves around a 

scene, approximating the path of an object in the 

image plane is nothing but tracking. The 

approaches to track the objects are point tracking, 

kernel tracking and silhouette. Following figure 

shows basic steps for tracking an object.  
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Fig. 1: Basic Steps for Tracking an Object [13] 

Tracking techniques are classified into four categories [3]: 

(1) Tracking based on a moving object region. 

(2) Tracking based on an active contour of a moving 

object. 

(3) Tracking based on a moving object model. 

(4) Tracking based on selected features of moving 

objects. 

Besides these four main categories, there are some other 

approaches on object tracking based on wavelet analysis. 

Remaining paper is organized as follows: Section II 

gives main issues in motion detection and object tracking. 

Section III gives overview of work done by researchers in 

object recognition and tracking. Section IV gives 

comparison of the methods used by different researchers. 

Section V concludes the paper. 

II. PROBLEMS IDENTIFIED IN MOTION DETECTION AND 

OBJECT TRACKING 

Archana R. Borse and Dilip S. Patil [2] have explained the 

main issues in motion detection and object tracking. These 

issues are:  

(1) Expenses on Computation: Since in these types of 

algorithms, each pixel of every frame of image is 

needed to be computed, they are computationally 

expensive. And if we need to apply these 

algorithms to real-time applications, they need to 

be computationally inexpensive. 

(2) Moving Background Rejection: The algorithm 

should not mistakenly recognize inappropriate 

things such as a swaying tree branch as a moving 

object of interest. There are two possibilities of 

miss-classification: if the area of objects of interest 

is smaller than the area of moving background, or 

if the background is moving faster than the moving 

objects. Thus algorithm must be able to reject 

moving background. 

(3) Tracking through Occlusion: There are many 

algorithms that are robust against small occlusions, 

but if the object of interest is occluded for large 

amount of time, most of these algorithms fail to 

track the object. 

(4) Modelling Targets of Interest: In objects detection, 

many algorithms use a detailed model of the 

targets. These algorithms require more pixels of 

target to detect as well as to track them in a proper 

manner. But many times, the problem with real-

world applications is that, it is not possible to 

obtain larger target pixels. 

(5) Illumination invariance: A motion detection 

algorithm should be invariant to scene illumination 

in real-world applications. Yet an algorithm will 

fail under illumination variation if it is purely 

intensity based. 

(6) Analyzing Object Motion: After object 

classification and tracking, an algorithm may need 

to do further analysis of the object motion. This 

may include analyzing gait of moving human or the 

speed of vehicles, etc., if proper object view is not 

obtained as per the requirement of the algorithm, 

this could be difficult in case of non-rigid objects, 

e.g. human. 

(7) Adapting to the Camera Motion: If cameras are 

moving, detection of moving objects is a 

challenging research area. 

III. RELATED WORK 

This section of paper describes the work that has been done 

in the area of video surveillance systems, different 

approaches followed for better results in object recognition 

and tracking.  

Researchers have attempted to develop a complete 

independent system for detecting an intrusion and tracking it 

until it gets destroyed using image processing algorithm, 

microcontroller, servo motors and other supplementary 

hardware [1], [2]. Shape and color of an object is extracted 

and compared with database object to decide whether it is 

intruding one. Canny edge detection algorithm has been 

used and PWM pulses are used to adjust rotation of servo 

motor. Satisfactory results are obtained in experimentation. 

Qi Zang and Reinhard Kletteg [3] have reviewed 

previous research on moving object tracking techniques, 

analyzed some experimental results, and finally provided 

conclusions for improved performances of traffic 

surveillance systems. They have used one stationary camera. 

Many applications have been developed for monitoring 

public areas such as offices, shopping malls or traffic 

highways. Tracking of pedestrians and vehicles play the key 

role in video surveillance systems. Dimensions of bounding 

box are used to distinguish between pedestrians and 

vehicles.  

Yigithan Dedeoglu [4] has presented a smart visual 

surveillance system which is capable of moving object 

detection in real-time, classification and tracking. The 

system has a stationary camera; system is capable of 

operating on color as well as gray scale video. An adaptive 

background subtraction scheme is used for moving object 

detection which is found to work reliably in indoor as well 

as outdoor environments. Temporal differencing and 

adaptive background mixture models are the two other 

object detection schemes, proposed for detection and 

performance quality comparison. The proposed system is 

able to perform functions like distinguishing transitory and 

stopped foreground removed objects; classifying detected 
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objects into various groups such as vehicle, human and 

human group; tracking objects and generating trajectory 

information in multi-occlusion cases and detecting fire in 

video imagery. This system is assumed to work in real time. 

And for real time performance, the computational 

complexity and the constant factors of the algorithms used 

are important. Use of this system is restricted to stationary 

cameras and video inputs obtained from Pan/Tilt/Zoom 

cameras. The initial input to this system is fed from video 

imagery from a static camera which is monitoring a required 

site. These methods are able to work on both color and 

monochrome video imagery.  

Aristeidis Diplaros [5] discussed various methods 

for object detection, computational models and techniques 

are studied to merge color and shape invariant information 

to recognize objects in 3D space.  

Sanket Rege, Rajendra Memane, Mihir Phatak and 

Parag Agarwal [6] have presented an approach which 

involves digital image processing and geometric logic to 

recognize two dimensional shapes of objects, e.g. squares, 

circles, rectangles and triangles and the color of the object. 

Following are the methods involved: 

(1) Conversion of three dimensional RGB image into 

two dimensional black and white images. 

(2) Classification of color pixel for separation of object 

from background. 

(3) Filtering based on area. 

(4) Calculation of object metrics by using bounding 

box and its properties.  

The shape recognition of the objects is made rotation 

invariant. Further, RGB information of all pixels within 

each object is used for analysis of color of the object. 

Shih-Chia Huang and Bo-Hao Chen [7] presented a new 

approach for motion detection which is based on the 

cerebellar model-articulation-controller (CMAC). This 

approach makes use of artificial neural networks which is 

useful in detecting moving objects completely and 

accurately in both high and low bit-rate video streams. It 

consists of two modules namely, a probabilistic background 

generation (PBG) module and a moving object detection 

(MOD) module. The proposed PBG module makes use of an 

unsupervised learning process to produce an effective 

probabilistic background model which ensures that the 

properties of variable bit-rate video streams are 

accommodated. Two procedures are implemented using 

MOD module:  

(1) A block selection procedure  

(2) An object detection procedure. 

MOD module is based on the CMAC network; it 

detects moving objects completely and accurately in both 

low and high bit-rate video streams by using above two 

procedures. The detection results show that proposed 

approach is able to perform with higher efficiency as 

compared to the results obtained by other approaches in 

variable bit-rate video streams. 

In object recognition, whenever feature extraction is 

performed, it should be taken into consideration that feature 

matching should be rotation and scale invariant. Swati 

Nigam, Kaushik Deb and Ashish Khare [14] proposed a new 

approach for shape based recognition which uses moment 

invariants for shape feature identification. Object and non-

object data are classified using Support Vector Machine 

(SVM). Here moment invariants are used which are 

functions of central moments and are invariant against 

rotation, scaling and translation. This approach gave better 

result compared to other shape descriptor based recognition 

methods. 

System can be made more efficient if it is made 

illumination invariant. A popular method used for 

appearance and illumination invariant human detection is 

Histogram of Oriented Gradients (HOG) detector [17]. To 

recognize the objects on different scales Scale invariant 

feature transform (SIFT) [18] based method is used. S. 

Nigam, M. Khare, R.K. Srivastava, and A. Khare proposed a 

hybrid of HOG and SIFT methods [19] for human object 

detection. 

Object recognition is also used in inspecting faults in 

the product depending on their shape and edges. Kyekyung 

Kim, Sangseung Kang, Jaehong Kim, Jaeyeon Lee, 

Joongbae Kim and Jinho Kim [20] proposed multiple object 

recognition including complex shape object which is useful 

in manufacturing process in industrial robot application.  

There are other applications like tracking small objects 

in complex scenes. Meng-Che Chuang, Jenq-Neng Hwang 

[21] presented multiple fish tracking system for low contrast 

and low-frame-rate (LFR) stereo videos. Such systems are 

useful in underwater applications. 

IV. COMPARISON 

Sr. 

No. 
Author Technique Used 

Recognition 

Accuracy 
Advantages Disadvantages 

1 Amit Kenjale [1] 

Canny edge detection, 

Colour and shape 

extraction. 

93% 
1. Scale invariant 

2. Rotation  invariant 
Illumination variant 

2 

Qi Zang and 

Reinhard Kletteg 

[3] 

Background subtraction, 

bounding rectangle, height 

to width ratio of each 

bounding box for 

classification 

- 

1. Reduced 

computation time 

2. Avoids feature 

Grouping problem 

Works only on 

separated regions. 

3 
Yigithan Dedeoglu 

[4] 

Adaptive background 

subtraction 
75% 

1. Successful occlusion 

handling 

2. False alarm 

1. Requires effort to 

create a labeled 

template of database 
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reduction in fire 

detection. 

object. 

2. Algorithm is view 

dependent 

3. Cannot handle 

darker shadows 

4 

Diplaros A., 

Gevers T., Patras 

I. [5] 

Merging of color and shape 

invariant information 
72-97% 

1. Illumination 

invariant 

2. Viewpoint invariant 

3. Object pose 

invariant 

4. Noise invariant 

- 

5 

Sanket Rege, 

Rajendra Memane, 

Mihir Phatak, 

Parag Agarwal [6] 

Calculation of object 

metrics by using bounding 

box and its properties. 

99% Rotation invariant 
Shadows must be 

avoided 

6 

Shih-Chia Huang 

and Bo-Hao Chen 

[7] 

Probabilistic background 

generation (PBG) module 

and moving object 

detection (MOD) module 

 

84.37% 

Accurately detects 

moving objects in high 

as well as low bit rate 

video streams. 

- 

7 

Shalinee Patel, 

Pinal Trivedi, and 

Vrundali Gandhi 

[12] 

Canny edge detection with 

properties of regionprops 
90.38% 

1. Overcomes problem 

of 

inaccurate detection of 

object 

2. Works well for noisy 

Image 

 

- 

8 

S. Nigam, M. 

Khare, R.K. 

Srivastava and A. 

Khare [19] 

Hybrid of HOG and SIFT 

methods 
- 

1. Rotation invariant 

2. Scale invariant 

3. Illumination 

invariant 

4. Viewpoint invariant 

 

- 

9 

Meng-Che 

Chuang, Jenq-

Neng Hwang [21] 

Trawl based underwater 

camera system, double 

local thresholding, 

histogram back projection 

88% 

1. Overcomes low 

contrast 

issue 

2. Ensures accurate 

segmentation of shape 

3. Works well in poor 

motion continuity 

4. Results in accurate 

fish 

length measurement 

- 

Table 1: Comparison of the Approaches Used By Different Researchers 

V. CONCLUSION

This paper gives the survey on various methods for moving 

object recognition and tracking used in various systems. It 

also discusses various issues in moving object recognition 

that need to be considered while working with 

corresponding algorithms. This work will be useful in 

selecting proper method suitable for particular application 

depending on the requirements such as memory, speed, 

accuracy, etc. 
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