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VIDEO SURVEILLANCE SYSTEM: A REVIEW 
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ABSTRACT 

Video surveillance is gaining its important in almost every field of day to day life. 

Surveillance is being done not only in military areas or airports but also in offices, schools, 

shopping areas, old age home and many more areas. The primary purpose of this paper is to 

provide a general review on the overall process of a surveillance system used in the present 

time. The processing framework of the video surveillance system includes the following 

stages: moving object detection, object segmentation, representation, classification, tracking 

of objects, activity recognition and prediction.  

Keywords: Video Surveillance, Background Subtraction, Objects Classification, Blobs, 

Tracking. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* UIET, Kurukshetra University, Kurukshetra, Haryana.  



IJREAS Volume 2, Issue 2 (February 2012) ISSN: 2249-3905 

 

 International Journal of Research in Engineering & Applied Sciences  76 

http://www.euroasiapub.org 

I. INTRODUCTION TO VIDEO SURVEILLANCE 

There has been an accelerated expansion of CCTV surveillance in recent years mainly due to 

rising crime and its threat to security and safety. Video surveillance is defined as the task of 

analyzing video sequences to detect abnormal and unusual activities. Unusual events are 

defined as abnormal behavior patterns that are not represented by sufficient samples in a 

training data set. An unusual activity is defined as one which is seldom or rarely occurs or has 

not been observed before [10]. The goal of automatic behavior profiling is to define a model 

that is capable of distinguishing between normal and abnormal behavior patterns [1].  

The effectiveness of a behavior profiling algorithm is determined by how effectively and 

accurately an anomaly is detected [1].  The set up for an automated visual surveillance system 

includes the following steps: moving object detection, object classification, object tracking, 

activity analysis, and anomaly detection.  

II. NEED OF VIDEO SURVEILLANCE 

Some of the areas where video surveillance system is deployed are: 

 Patrolling of highways and railways for accident detection. 

 Surveillance of forests for fire detection 

 Extracting statistics for sports activities 

 For military security 

 Patrolling of country borders 

 Keeping security check in shopping malls, naval bases 

 Monitoring of old age home, nursing homes, schools. 

 Tracking of activities in hospitals, parking areas. 

A video surveillance system works as follows [7]: 

 Detects moving objects 

 Classifies the detected objects 

 Tracks them through the sequence of images 

 Analyze their behaviors 
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Fig 1: Video Surveillance System Block Diagram 

III. MOVING OBJECT DETECTION 

Almost all the video surveillance system starts with the moving object detection step. A 

number of surveillance systems have been proposed in the recent years. Different 

surveillance techniques are used in every system for e.g. Pfinder [18] tracks the whole body 

of person but it considers only single person in the scene. Pfinder uses unimodal background 

model to locate the objects. Stauffer and Grimson [15] use multimodal background 

subtraction method to locate the objects. This method is capable of dealing with slow changes 

in the background like illumination changes and changes in the scene. 

In any scene considered there can be many objects present in it so it is necessary to classify 

them according to the priority and need. It handles segmentation of moving objects from 

stationary background objects. Segmentation of the video is first done to a sequence of image 

frames, which aims at segmenting regions corresponding to moving objects as compared with 

the rest of the image.  

                                                

Fig 2: Background model without and with a foreground object 

 

Motion detection step generally involves two main parts background modeling and motion 

segmentation. Background modeling involves the differentiation between the background and 

the foreground objects. Foreground means the part of the image that is nearer to and in front 

of the viewer. Background modeling creates a reference image representing the background. 

Motion segmentation involves the extraction of moving objects from stationary background.  
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Different techniques are used for the motion segmentation such as background subtraction, 

temporal differencing and optical flow. 

A. Background subtraction in this method the current frame is compared with a reference 

frame [9]. Pixels in the current frame that deviate from the background are considered to be 

moving objects or „foreground‟. Background subtraction is basically done to determine the 

background state of each pixel.  

In this method the current frame is subtracted from a reference frame, if the difference 

between the two is greater than a set threshold value (Th), the pixel is then considered as a 

part of foreground else it is taken into the background category.  

Mathematically defining background subtraction as:  

                      |framei-framei-1| > Th                          (1) 

Background subtraction method has a main advantage compared to the other methods that it 

easily adapts to the changing background. This method is very sensitive to the threshold 

value so it must be set accordingly. 

 

Fig 3: Result of background subtraction 

B. Temporal differencing makes use of pixel wise differences between two or more 

consecutive frames in an image sequence to extract the foreground objects [17]. Temporal 

differencing has an advantage that it changes with the changing environment but the 

disadvantage is that it does not recognize moving objects. Temporal differencing 

mathematically is defined as [17] : 

n= |In-In-1|                                (2) 

C. Optical flow turns (bends) one image into another image and describes the motion of a 

point or feature between images. Mostly background subtraction method is used to extract the 

objects from the scene. 

IV. OBJECT SEGMENTATION 

Subtraction operation classifies the type of the pixel i.e. the pixel is the part of background or 

foreground. Foreground pixels are then segmented into regions using connected component 



IJREAS Volume 2, Issue 2 (February 2012) ISSN: 2249-3905 

 

 International Journal of Research in Engineering & Applied Sciences  79 

http://www.euroasiapub.org 

method. Connected component analysis (CCA) is done to cluster and label foreground pixels 

into object blobs from which some appearances and motion features can be extracted.  

According to [4], connectivity means that pixels having same intensity values and adjacent to 

each other are grouped together. Commonly 4-pixel connectivity (four pixels touching to 

form a cross) or 8-connectivity (eight pixels touching to form a square around the pixel in 

question) is used.  

The connected regions are classified into object categories; human, human group and vehicle. 

The process of grouping similar regions into homogeneous regions called as blobs is called as 

object segmentation method. 

V. OBJECT REPRESENTATION 

The blobs created by CCA method prove quite useful in the classification and tracking steps. 

But the blobs occupy large pixel area and the memory to store and display them due to their 

formation, so it is necessary to compact the blobs to represent the objects.  

For object representation mostly two representations are used quiet often: silhouette based 

method and bounding boxes. 

A. Silhouette: it is defined as the image of the person consisting of an outline. Object 

silhouettes are used when the shape or posture of the object needs to be identified. Generally 

edge detection techniques like Sobel or Canny or Kirch edge detection methods are applied to 

foreground region to extract the silhouette of the region. According to [11] silhouettes are 

used to hide a person‟s appearance to protect person‟s privacy.  

 

                                                   

Fig 4: Silhouette display for protecting person’s privacy [11].  

 

B. Bounding box: it is a box with smallest measure (area, volume) within which all the 

points lie. A bounding box gives the system measures for the height; width and center of blob 

which can be used in object classification and tracking.  
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Fig 5: Bounding box on the selected object 

VI. OBJECT CLASSIFICATION 

Different regions of the image correspond to different moving objects in an image. It is 

necessary to detect, track and analyze their behavior, so the need of object classification 

arises. Object classification distinguishes between the different objects present in the image 

into predefined classes such as human, vehicle, animal, clutter, etc.  

Two approaches are employed for the object classification:  

A. Shape based classification: mostly used feature in this technique are bounding rectangle, 

points, area, silhouette and gradient of detected object region. The moving object blobs are 

classified into four classes‟ namely human, human groups, vehicles and clutter using three 

layer neural network classifier [14]. The input to the neural network are the dispersedness, 

area and aspect ratio of the object region and camera zoom magnification.  

According to [17] a classification metric based on knowledge is done according to which 

humans are smaller than the vehicles and they have more complex shapes. Dispersedness [17] 

is used as a classification metric which is defined as  

                Dispersedness=              (3) 

B. Motion based classification: this is done to classify the moving objects as rigid (humans) 

or non rigid (vehicles) based on their appearances in multiple frames [16]. The method 

proposed in [13] is based on temporal self similarity of moving object. The moving object is 

characterized according to its periodic motion.  

Classification Metrics 

Object classification tries to identify the types of objects that are present in the environment. 

Different classification measures are:  

A. Size metric: used when the scene has objects of different sizes for e.g. to distinguish 

between a bag and a human [3] [11]. 

B. Speed metric: used when the objects in the environment have different speed for e.g. 

pedestrians and vehicle speed vary [5].  

C. Dispersedness: this metric is also used to differentiate between different size objects [10].    



IJREAS Volume 2, Issue 2 (February 2012) ISSN: 2249-3905 

 

 International Journal of Research in Engineering & Applied Sciences  81 

http://www.euroasiapub.org 

 

 

Fig 6: Classification Metric based on the size of the object 

VII. OBJECT TRACKING 

Object tracking is defined as segmenting an object of interest from the image and keeping 

track of its location, motion, and occlusion. Tracking creates time limitations or boundaries 

on the objects detected from frame to frame. The output of the tracking step is object 

trajectory information which is used to calculate direction and speed of the objects in the 

scene.  

The purpose of tracking a foreground object or blob in an environment is to determine what 

kind of action a blob is performing and from the present action it becomes easy to predict the 

next action. 

The targets are represented in 2D space and 3D space by some features [7]. Some of these 

features are: 

 Size: this is determined by the minor and major axis of the ellipse  

 Position: this is determined by the centroid of the target 

 Velocity: the target centroid velocity is determined with the help of kalman filtering.  

 Target type: this feature depends on the size, shape of the target. It is determined with 

the help of Bayesian network. 

 Trajectory: trajectory of the target is determined with the help of comparing the 

position of target in the previous frames.  

Object matching 

The aim of the object tracking is to establish a relation between the object or object parts in 

consecutive frames and to extract time based information about the objects such as trajectory, 

position, speed and direction.  

The most important step in tracking of object is to recognize that the same blob is being 

tracked in the consecutive frames. Then the blob location and the distance moved from the 
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last frame are calculated.  Data record is generated for each object and labels are created. 

Kalman filter can be used for the labeling of objects [5]. For each new frame positions are 

compared with previous frames. If matching object is found then the object is considered 

successfully tracked and if not matched then the object is considered as new.  

Different methods of object matching are used: 

A. Proximity based: this method keeps track of the blob position in each frame and calculates 

the displacement measured by the blob. A bounding box centroid is calculated for each blob 

to measure the displacement. The displacement of the bounding box centroid is measured by 

Euclidian distance between the consecutive frames [2]. If the distance is below a certain 

threshold value then it is assumed that the same blob has been matched and tracking is 

continued.  

B.  Predictive based: in this technique some characteristics of the blob are predicted like 

speed, direction, location. Kalman filter can be used to predict an object‟s location or speed in 

the next frame [5].  

W4 [12] is also a predictive technique to estimate where the centroid of the blob would be 

located in subsequent frames in order to track and match the blobs.  

C. Using blob characteristics: several blob characteristics like size, speed or direction of 

movement of blob can also be used for matching and tracking of the objects. For e.g. if a 

person is moving away then the size of the blob will decrease continuously in the successive 

frames. 

Many systems for target tracking are based on other methods. [17] Uses a method which 

combines temporal differencing and template matching for tracking of objects. This 

combination method provides a good tracking performance even in presence of clutter. In 

temporal differencing frames are compared to find out the changes occurred over the course 

of time. In template matching image frame is compared with the image template.  

VIII. ACTION/ BEHAVIOR RECOGNITION 

The final step of an automated surveillance system is to recognize the behavior of the objects 

and create a high level semantic description of their activities. Behavior is defined as the 

order of events, with or without the time constraint.  With the increasing video surveillance it 

is necessary to find out what all is happening in the environment not only in the security areas 

but also in hospitals, schools, nursing homes, offices etc. The action recognition system is 

based on the behavior of the blobs according to which the action can be classified as simple 
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or complex. A good tracking system is necessary to recognize the actions correctly and 

accurately which helps to determine what kind of action the blob is performing.  

The action recognition is divided into two groups:  

A. Simple actions: these are the actions that can be directly analyzed by blob tracking data. 

B. Complex actions: these cannot be determined by simple analysis of tracking data. 

Complex actions are made up of many simple actions. Detecting interaction between 

different blobs is a complex task. Detecting an abandoned luggage in a crowded area is also 

an example of complex action recognition task [3] [6]. This is done by detecting the size of 

the blob of the left luggage. 

IX. ACTION PREDICTION 

Acc to [8] normal behavior is recognized by regular movement, speed, stopping etc whereas 

abnormal behavior comprise of opposite movement in the crowd, fighting, deviation from the 

normal motion. The crowd behavior can be predicted depending on the crowd motion 

information like direction, velocity. Prediction has been used by several researchers including 

[3] [12] for predicting the location or speed of an object in the next frame or time step for 

tracking purposes. Action prediction is a difficult thing to do. For e.g. the weather predictions 

made by the meteorological department are incorrect many times. 

X. CONCLUSION 

Video surveillance system can be classified in a number of areas considering the environment 

in which they operate: indoor, outdoor or airborne. There are a number of challenges 

associated with the chosen scenario like repetitive background, illumination changes, 

occlusions, shadows, highlights etc. the existing methodology employs detection of the 

moving objects, segmentation, object representation, classification, tracking, behavior 

recognition and prediction. Although a large amount of work has already been done in the 

video surveillance field but many areas are still open. Video surveillance is a vast and 

important area of research in the fields like anomaly detection and alarming, person to person 

identification etc. 
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