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Abstract— In the era of image processing, security through video surveillance plays on important role. The recent trends in 
video surveillance are focused for machine learning by using artificial intelligence, because the capital assets of country 
should be protected without huge man power. In the video surveillance scenario, energy constrained sensors, huge amount of 
video stream, network coverage, decision making are the challenging component for the performance. This paper proposed the 
frame work with robotic sensor networks to overcome the factors to guard the region under surveillance with limited man 
power. Nowadays machine learning robots are fine preference for automatic decision making. Robotic Sensors are deployed 
in the field of surveillance area with video sensing and communication capabilities. Various key challenges are focused in 
robots during monitoring and  some of the sensors  has equipped with machine vision processing and directed for granting the 
command to adjacent sensors to track the particular episode when the moment of out of coverage and occlusion. The processed 
video stream of each robotic sensor transmitted to neighboring node with the details of tracking and occlusion. We present a 
decision making framework in robotic sensor network for video surveillance to increase the performance of surveillance 
system.   

 
Keywords— Key Challenges, Decision making, Video Sensor Networks, Video Surveillance 
 
 
I. INTRODUCTION 
 
  For the modern world, technologies are growing 
tremendously. The recent growing technologies are 
Wireless Sensor Networks (WSN) acting a key 
position for human interface with the surroundings. 
[10] A new vision in intelligent environment 
monitoring includes the intelligent sensor nodes are 
designed with the capabilities of communication, 
computation and sensing. Current wireless sensor 
measures scalar data as Temperature and Pressure. 
Developing larger scale, video enabled wireless 
surveillance networks that be deployed quickly and 
provide accurate, real time visual data must be 
envisioned. This advancement of the technology and 
the usage gave an opportunity in the development of  
 
II. WIRELESS VIDEO SENSOR 

NETWORKS (WVSN).  
 
Wireless video sensor networks composed of 
interrelated, battery powered tiny video cameras, each 
packaged with a low-power wireless transceiver that is 
capable of processing, sending and receiving data. 
Video Surveillance is the collaborative and pervasive 
characteristic of Wireless Video Sensor Network. 
Video surveillance is mainly used in various fields like  
battlefield, vehicle monitoring, habitat monitoring 
and etc. Video sensors are producing the information 
about the observed environment in the highest 
quantity. But the time required for processing the 
visual information about the specified environment by 
the human operator is the main drawback of the 
system. The data centric approach to capture image be  

 
needed for processing the tracking images. Video 
capturing dealing with the important video 
information to be processed stored and transferred to 
neighboring nodes.  
 

 In the conventional surveillance system, huge 
video stream captured by the Video cameras would be 
sent through the wireless LAN connection and 
displayed on a screen in a control room. Controller 
will be watching the videos continuously for any 
anomalous behavior. Due to increase in thefts, 
terrorist activities and other criminal activities the 
demand for the video surveillance has increased. Also, 
with the increase in video surveillance, its sensitivity 
and accuracy has also increased and any small human 
error may lead to drastic damage. Human beings have 
their limited capabilities in monitoring when 
occlusion and if any abnormal activity. This leads the 
automatic video surveillance system to improve the 
performance of the system. The exact monitoring of 
the sensitive areas without huge man power needed for 
several security related applications. Automatic video 
surveillance with decision making frame work 
required in the field of home security, off limit areas, 
criminal tracking. The surveillance model consists of 
sensor nodes and video processors to interact with the 
environment. The scenario used in monitoring off 
limit area, or a monitoring multi room sensitive area 
with less man power. The frame work also 
concentrates on the issues of WVSN i) Limited Battery 
Power, ii) Limited coverage, iii) Occlusion handling 
iv) Decision making.   

The activity of this model comes under the category 
of semi autonomous video surveillance system. The 
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system supports   the automatic recognition of object 
under occlusion and capable of sending occluded 
object to track by the adjacent nodes. Monitoring of 
video for long duration by human operator is 
impractical and infeasible. Intelligent surveillance is 
most needed in now a days.  

 
III. SURVEILLANCE SYSTEM 
 

System consists of video sensors and video 
processors. The two- tier wireless network 
architecture and a traffic management technique to 
solve the issues of large scale is used in this paper. 
Video sensor in the low tier architecture and it is 
having the capability of capturing videos. [6] 

 

 
 

Fig1. System overview architecture 
 

Upper tier consists of video processors have the 
control over the low tier architecture and have the 
capability of sending and receiving messages to the 
sensors. As well as the video processors send the 
processed video streams to the decision making frame 
work. This frame work has the autonomous control 
over the sensor network that decides which sensor 
nodes may be active and may in sleep mode. Instead of 
human monitoring the decision making framework 
monitors the intruder or any abnormal detection in the 
surveillance area. The various phases in this 
surveillance system are key frame selection phase, 
intruder detection and tracking, handling occlusion, 
out of coverage, and decision making.  

 
 

Fig2. Phases of the system 

IV. KEY FRAME SELECTION 
 

 Initially all sensor nodes are not active. The 
sensor nodes are deployed in the off limit area to 
monitor the abnormal activity or intruder detection. 
Few sensors are active and few or in sleeping mode 
and some of the sensor nodes always active.  These 
nodes should have highest battery power or it may 
have the recharging capability. The decision making 
framework updates the details of active nodes and 
sleeping nodes in certain interval. This process mainly 
focusing the energy constrained problem of sensor 
nodes. Many papers have been introduced the new 
concepts in this energy constrained problem. This 
paper reviews general strategy of routing algorithm in 
video sensor networks. The model includes the object 
detection by the video processors sent through the 
decision making framework and to the sink. An active 
node sends the frame to frame difference to the video 
processors. Video processors detect the selected key 
frames of any intruder detection and motion analysis. 
Key frames difference and the extracted object in from 
which active node details send to the next phase. 

 
V. INTRUDER DETECTION 
 

In this phase the human is identified in the key 
frames from the key frame selection phase. Video 
processor does the background subtraction method to 
detect the humans. This method is chosen because this 
model deals with the static background only. 
Background model is compared with current key 
frame, in this way foreground object is detected. And 
also attempts to detect the moving regions by 
differencing between current image and a reference 
background image. Threshold is fixed such that the 
foreground pixels are extracted from the background 
image. When the pixel difference is above the 
threshold value, it is considered as foreground image. 
The details of intruder detection key frames sent to the 
decision making for further processing.  
 
VI. HANDLING OCCLUSION 
 

Due to the stationary background region based 
tracking is very efficient. Salient region of the 
previous frame is compared with the current frame. 
Salient features like color, orientation, and intensity 
from different key frames are detected.  The basic 
features for color, orientation and intensity are fetched 
from the image. From the above fetched features, the 
feature vector are calculated for color, orientation and 
intensity using center-surround method. Once the 
feature map is obtained, the 3 features are weighted in 
order to find out which feature more uniquely 
identifies the object. Once weight is obtained, using 
their weight can get the saliency map for the detected 
object. Finally feature weight vector is calculated for 
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this most salient region. This feature weight vector is 
matched with the subsequent frame’s feature weight 
vector, if the match is above the threshold value then 
there is a match otherwise, the search area is doubled 
and the above procedure is repeated again. Even after 
doubling the search area, a match is not found then 
object is expected to be occluded by some other object 
or any stationary background object.  

Now, occlusion handling is not a separate process, 
it is a part of human tracking process. When an object 
is detected its centroid can easily be obtained and 
when a match is found between the object in the 
previous and the current frame object will get the 
centroid of the current image.   The direction of the 
motion is calculated by the tan θ formula. In case, the 
object is not found even after doubling the search area, 
the object can be said to be occluded and its next 
position can be predicated by the previously calculated 
velocity and direction of motion. In order to calculate 
the velocity and the direction of motion, minimum 5 
frames should be processed. Video processor sends the 
detected key frames to the decision making along with 
the direction of motion.   

 
VII. OUT OF COVERAGE 
 

 In Wireless Video Sensor networks, sensor nodes 
have limited coverage because of the camera 
constraints and its field of view. Usually 2 D model of 
video sensor node where the field of view is defined as 
a triangle. Triangle consists of 4 values, one is the 
position of the node, second is the distance of the node, 
third one is the line of sight of the camera  and the 
other one is the angle of the field of view. The details 
of coverage of each sensor node and adjacent sensor 
nodes of each sensor node are maintained in the 
decision making framework. And the active nodes list 
also is in the framework. According to the frames 
received from the previous phase and the details of 
node in active state the decision making framework 
decides list of the sleeping nodes will be active to track 
the intruder further. 

 
VIII. DECISION MAKING 
 

Decision making process is nothing but adding 
intelligence to the whole process. Video processor 
handles the first four phases of the system. If intruder 
in any key frames, or if any occlusion, if any out of 
coverage information are received in this framework 
by the video processor.  Video processor cannot any 
decision in monitoring autonomously.  

The active and sleeping nodes may be randomly 
active or in sleep in certain time interval if there is not 
any abnormal activity received by the video processor. 
Here the system can achieve the energy constrained 
problem.  If any intruder is detected in the screen, 

there are two challenges for the monitoring. The first 
challenge as follows: 
i) Out of coverage – the intruder may not be tracked by 
the active nodes.   
   Here if intruder in the key frame selection 
phase, the key frames from the other active sensor 
nodes be detected by the video processor. If the key 
frames received by the other nodes does not contain 
the intruder object means that is considered as out of 
coverage happened in the scene.  If so, the lists of 
active nodes are taken from the framework. The 
adjacency nodes are chosen from the adjacency 
matrix. The nodes are activated through sending 
signal from the framework. Activated nodes again 
send the key frames to the frame work through the 
video processor.  Certain time interval the active 
nodes are in active state for sending the intruder key 
frames.  
The second challenge is as follows: 
ii) Handling Occlusion- the intruder occluded by any 
Object. 

 In occlusion phase also the adjacent sensor nodes 
are activated by the framework to track the intruder as 
mentioned previously. Thus the system automatically 
tracks the intruder without any human interrupt.  The 
intelligence programs are feed to this framework for 
sending the alarm signal or make an entry in database. 
The detected scenes are regularly sent through the 
sink to the internet for remote monitoring also. The 
human operator may verify scenes in the databases or 
in internet at the interval if necessary.  

 
IX. PERFORMANCE EVALUATION 
 

 Here proposed work for the off limit area is 
having the limited capability. Visual surveillance 
systems have been around for last two decades. The 
majority of present computerized video surveillance 
systems can process video sequence and execute the 
basic functions, such as object tracking, and object 
detection with good quality. Lately, realistic curiosity 
in video surveillance has moved from such low-level 
functions to more composite scene analysis to detect 
human behaviors, i.e., patterns of behavior or actions, 
for standoff threat detection and prevention. Existing 
analysis systems focus on the predefined events, e.g., 
to merge the results of an automatic video surveillance 
system with spatiotemporal reasoning about 
everything comparative to the key backdrop region 
and other things in the scene. Higher behavior 
analysis systems have begin to develop the ability to 
automatically capture and define  new behaviors by 
pattern detection, and further present the behavior to 
the specialist for authentication. The growing need for 
complicated video surveillance systems and the shift 
to digital video surveillance transportation, has 
distorted robotic video surveillance into a huge range 
data analysis and administration challenge. 
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Performance analysis using visual surveillance 
involves the most superior and compound researches 
in image processing, computer vision, and artificial 
intelligence. There were many different methods have 
been used while imminent this challenge; and they 
wide-ranging and depended on the required speed, the 
capacity of submission, and source accessibility, etc. 
The inspiration of writing and presenting a paper on 
this subject as an alternative of a how-to paper for a 
province precise submission is to estimate and gain 
insight in visual surveillance systems from a large 
image first. Reviewing/surveying obtainable works to 
enable us to realize and response the following 
questions better: Developments and strategies of 
stages occupied in a wide-ranging visual surveillance 
system; how to perceive and evaluate actions and 
target; and how to move toward the dare, if have 
opportunities. 
 
CONCLUSION 
 

 In this paper presented an intelligent surveillance 
system able to autonomously monitor a room and to 
monitor the intruder.  The system handles the sensor 
network issues and also objects tracking issues. The 
proposed work may have the limits that if the sensor 
nodes are not capable of taking clear images, the key 
frame sending may fail, there may be more than one 
intruder in different key frames, and may not be track 
the different occluded object in different key frames. 
The time of process may be slow and the key frames 
ratio may be lesser when compare to the existing. The 
acoustic sensor also not added in this system. Several 
tracking methodologies include this sensor for better 
performance. Even though this work has limited 
capabilities it is more suitable for the off limit area 
with less number of intruders. 
 
FUTURE ENHANCEMENT 
 

 In future acoustic sensor can be added for further 
assistance. Here the work focused for static 
background. It can extend to the non static 
background. The decision making framework may be 

strengthened according to the future issues for the full 
autonomous surveillance system. 
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