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Abstract— Wireless sensor networks (WSN) are being used 

in various military and civil applications which includes 

monitoring of environment, surveillance of target, 

observation of industrial processes, explorations of space 

and planets, etc. One important WSN application is tracking 

the target, where WSN is used for intruder detection.  A 

sensor is limited in its battery life, processing power, and 

radio strength. 
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I. INTRODUCTION 

 
Fig. 1: A sensor-node model 

The successful working of a WSN design depends on how 

these constraints are addressed. For pointing moving objects 

using a WSN, five critical requirements have been 

identified: (i) energy efficiency, (ii) accuracy, (iii) re-

configurability, (iv) optimized computation, and (v) security 

in communications. Here  the objective is to prolong the 

WSN‟s lifetime while considering accuracy in target 

tracking and secure working of the WSN. Existing methods, 

like the LEACH-based approaches, has drawback of either 

data redundancy and deployment of sensor node, or require 

computations for higher complexity. There is a need for 

self-organizing and routing functionality in the WSN. OCO 

(Optimized Communication and Organization) have been 

devised, which is an efficient method that constructs and 

maintains a WSN with capabilities of self-organizing and 

routing. Further simulation-based experiments have been 

conducted to evaluate OCO against two other approaches, 

Low Energy Adaptive Clustering Head (LEACH) and Direct 

Communication (DC), in different environments. OCO 

fulfills the first four requirements of an efficiently 

performing WSN 

II. OCO VERSUS DIFFERENT METHODS 

When using a WSN in tracking moving objects, five critical 

requirements have been identified:   

A. Efficiency in energy dissipation  

The goal is to increase the working and lifetime of the 

WSN. 

B. Accuracy While Detecting Target 

 The main objective is to provide continuous accuracy 

without affecting the network‟s lifetime.  

C. Optimized computation 

 Because of the constrained battery power of sensor, 

optimized computation must be performed on the sensor, in 

order to have minimal energy dissipation.  

D. Reconfiguration ability 

When some of the sensors stops functioning, the network 

must have the ability to self-organize itself or re-configure 

itself to construct again a working WSN allowing the 

uninterrupted communication. 

 
Fig. 2: Comparison of the three methods on the energy 

consumption parameter 

There are primarily three strategies for tracking 

target in WSN: tree-based approach, cluster-based approach 

and prediction-based approach [1]. Available methods such 

as the LEACH-based algorithms [3], has problems likes 

complexity in computations, data redundancy, and 

redundancy in sensor deployment. These drawbacks result 

in inefficiency in energy use and costly computations. 

To handle these issues, OCO (Optimized 

Communication and Organization) have been developed 

which is an efficient method which adds ability to self-

organize and routing facility to a WSN. OCO guarantees 

maximum accuracy in target tracking, efficient energy 

dissipation and minimal computation requirement. An OCO-

based WSN is re-configurable, means it can self-organize 

itself when few of the nodes stop functioning. Simulation-

based evaluations have been performed to compare OCO 

against Low Energy Adaptive Cluster Head (LEACH) and 

Direct Communication (DC). 

OCO exhibits better longevity than LEACH. 
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III. METHODOLOGY 

OCO has four phases: (a) collection of position information 

stage, (b) processing stage, (c) tracking stage, and (d) 

maintenance stage. 

A. Collection of Position Information Stage:  

Here the base station collects the positions of all nodes 

which can be approached. During deployment of sensor 

nodes in a region, the base station starts sending messages to 

its neighboring nodes to get their Identities and location 

information, and advertising its own Identity as the parent of 

the neighboring nodes. After sending their Identity and 

location to their parent Base station‟s neighbors marks 

themselves recognized and then performs the same actions 

as the base by collecting Identities and locations from their 

neighbors, and advertise themselves as the parent. When a 

node gets the location and Identity from a neighbor, it also 

forwards that information to its parent. This process is 

repeated till the message reaches the base station. 

B. Processing stage:  

In this, OCO removes the redundant nodes, identifies the 

border nodes, and obtains the shortest path from each node 

to the base station. 

1) Removal of redundant nodes:  

Table 1 shows the algorithm for removal of redundant 

nodes. A redundant node is one, whose sensing zone is 

covered by other nodes. To point redundant nodes, a 

geographical binary image showing the coverage zone of the 

network can be worked out. 

2) Identifying the border nodes:  

Nodes that are placed along the border of the network are 

border nodes. To identify these nodes, an algorithm for 

border detection (Table 2) can be used to mark a list of 

points (called border points) that spans the border of the 

image. Finally at last, a minimum set of nodes has to be 

found in the Area_List that contain all the border points, 

which are the border nodes.  

3) Get the shortest path to the base:  

The algorithm is depicted in Table 3. 

1. Firstly, make a geographic image of the network and 

assign color value = High for the locations that are covered 

by at least one sensor node. To the rest of the points assign 

color value = Low. 
2. Initialize a list of nodes to null that cover the whole 

network area. Name it Area_List. 
3. To the Area_List add a node called base node. 

4. For all the nodes of the network area, if a node is not 

having the same location as of any node in the Area_List, 

add that to the Area_List. This is done for better node 

distribution. 
5. For all such locations in the network area which are not 

covered by any node in the Area_List, append the node 

which contains the point to the Area_List. 
6. Redundant nodes are the left nodes that are not in the 

Area_list after the application of steps 3, 4, and 5. 
Table 1: Algorithm for Removal of Redundant Nodes 

1. For each pixel in the image, check if the color value =1. 
2. If true (meaning this pixel belongs to an object), scan all 

its neighbors to see if any of them having the color value = 

0. If true, this pixel belongs to the border. 
Table 2: Algorithm for Finding the Border 

1. Work only with nodes in the Area_List of the „cleaning 

up redundant nodes‟ step (Table 1). 
2. Assign parent_ID = 0 for all nodes. 

3. Assign parent_ID = the base‟s ID for all neighbors of the 

base and add these nodes to a list, called Processing List. 
4. For each node in the Processing List, consider all of its 

neighbors. If the neighbor has parent_ID = 0, assign the 

neighbor‟s parent_ID = the node‟s ID. Add the neighbor to 

the Processing List. 
5. Repeat step 4 until all nodes have been assigned 

parent_ID. 
6. After the loop, each node in the Area_list has a 

parent_ID. When a node wants to send a message to the 

base, it just delivers the message to its parent. The message 

is then continually forwarded until it reaches the base. The 

algorithm ensures that all the messages will reach the base 

through a minimum number of hops. 
Table 3: Algorithm for finding the shortest path to the base 

for each node in the Area_List 

C. Tracking Stage:  

In the tracking stage, all the sensor nodes work with each 

other to identify and for tracking the intrusion objects. It is 

assumed that objects come from outside. Normally, the 

border nodes are the only nodes that are ACTIVE. A border 

node upon detecting an object sends its location information 

at fixed interval to the base by forwarding the information 

first to its parent. 

D. Maintenance Stage:  

Its purpose is to configure the WSN again upon arise of the 

need for topology change. These changes are due to „energy 

depletion of nodes‟, „damage of nodes‟, „re-positioning of 

nodes‟, etc. In case of energy depletion of nodes, when the 

energy of a node falls below a threshold, it makes all its 

children to enter SLEEP state and sends a report to the base 

station. Upon receiving the report, the base station enters the 

processing stage for network reconfiguration in which dead 

nodes are removed and the restructured network is 

established. 

IV. METRICS 

Metrics used in evaluation of the methods are:  

1) Energy consumption gives the statistics of the total 

energy consumed by the nodes after the start of 

simulation. 

2) Accuracy is the number of detected locations of the 

intruding objects in a given method, compared to the 

number of detected locations in the DC method, which 

is being used as the base for comparisons. 

3) Cost per detected position is the ratio of energy 

consumption to the number of detected locations. 

4) Time before the first dead node is calculated as the time 

when the first network node loses its energy. 
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