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ABSTRACT 

Fazal, Kareemullah Khan, M.S., Department of Computer Science, College of Science and 
Mathematics, North Dakota State University, October 2011. Maximizing Sensor Coverage 
using Displacement to Remove Overlaps. Major Professor: Dr. Kendall Nygard. 

Sensor networks are wireless networks with small, low-cost sensors which collect 

and disseminate environmental data. They are used for monitoring and controlling physical 

environments from remote locations with better accuracy. Sensors have a lot of constraints 

and challenges. One of the main concerns is the coverage and redistribution of the sensors, 

without any overlap, in order to achieve maximum coverage with limited usage of energy. 

The first section of the paper gives a brief overview of the sensors, the sensor 

network, the various applications where sensors are used, and challenges faced in setting 

up a sensor network. The next section outlines the problems faced in sensor coverage, 

followed by a description of the random displacement of the mobile sensors during overlap 

technique. The following section details the application used to generate the prototype of 

the sensor network. This section is followed by a visualization section where images of the 

sensor network are described in detail. The subsequent section provides details about the 

results of the test cases. The last section of the paper lists the assumptions and constraints 

that were kept in mind while developing the application, finishing with the conclusion and 

references. 

In the prototype of the sensor network, the sensors will be deployed in a given 

geographical area. The sensor nodes being deployed will be static as well as mobile 

sensors. The assumption made for this project is that the environment in which the sensors 
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are going to deployed is uncontrolled. The deployed sensors will be searched using a 

particular procedure to find the overlapping mobile and static sensors. The random 

displacement technique is used to move the mobile sensor when there is an overlap 

between two sensors in order to avoid overlapping between the two sensors to enhance the 

quality of service and to increase the coverage in a given area. 
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1. INTRODUCTION 

Sensor networks are one of the latest technologies where numerous research 

activities are taking place recently. Advancement in this area was made possible due to 

wireless communication and micro-sensing technologies. The sensors are usually deployed 

in a small-scale or large-scale network. Sensors are used in many applications, but if you 

consider large-scale networks, then they are mostly used for military applications, 

environmental observations, etc. 

Although sensor networks can be used in numerous applications, they have some 

limitations. One of the challenges with sensor networks is power consumption (Liu and 

Towsley), and the other problem is the sensor coverage (Meguerdichian et al.). On large

scale networks, the area is usually uncontrolled, and deployment of the sensors is usually 

achieved through randomly scattering the sensors. When the sensors are scattered randomly 

there are very high chances of network coverage overlap, and as a result, there will be less 

coverage in the given sensor area. 

This project focuses mainly on achieving maximum sensor coverage by randomly 

deploying the sensor when there is an overlap. We deploy the static and mobile sensors in 

an area specified by the user. When there is any overlap between a static and a mobile 

sensor or between two mobile sensors, there is duplication of data that are being 

transmitted, and also the quality of service is reduced drastically. Better quality can be 

achieved by moving the mobile sensors to an empty grid cell using the random 

displacement technique. Based on the coverage, the mobile sensors with maximum overlap 

move to a grid cell that needs maximum coverage (Meguerdichian et al.). This process will 
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be followed by the second mobile sensor with maximum overlap, and it is continued until 

we achieve no overlap between the sensors. 



2. LITERATURE REVIEW 

The field of sensor networks has flourished with ongoing research activity due to 

the vast, long-term economic potential that the field possesses. Sensors are small, low

powered devices with the capability to provide wireless communication over short 

distances. A sensor has the capability to perceive the environment where it is established or 

the phenomenon that justified its implementation. It must also be able to transmit the 

perceived data. Such sensors are called scalar sensors. There exist other types called 

multimedia sensors. They include equipment that is able to perceive and broadcast audio 

streams, video streams, or fixed images. The sensors usually have limited resources. A 

sensor node contains a transmitter/receiver with a power unit, a sensing unit, and a storage 

unit. Sensor nodes have been used across numerous applications. Although older sensor 

nodes had limitations, the newer sensor nodes are more sophisticated and have the capacity 

to build large-scale sensor networks. A wireless sensor network is composed of a great 

number of sensors, deployed massively for the observation of a phenomenon (Tagne et al.). 

A sensor network usually consists of a number of sensor nodes with computation, storage, 

and communication capabilities. The sensor network environment may have many sensor 

nodes, each capable of collecting, storing, and processing environment information, as well 

as communicating with the neighboring nodes (Du et al.; Katib; Liu and Towsley; 

Meguerdichian et al.; Poduri and Sukhatme.). 

A sensor network deployment can usually be categorized as either a dense 

deployment or a sparse deployment. A dense deployment has a relatively high number of 

sensors in the given field of interest while a sparse deployment would have fewer sensors. 
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The dense deployment model is used in situations where it is very important for every 

event to be detected or when it is important to have multiple sensors cover an area. Sparse 

deployments may be used when the cost of the sensors make a dense deployment 

prohibitive or when you want to achieve maximum coverage using the minimum number 

of sensors (Mulligan and Ammari). 

The coverage of a sensor network can be classified as a static or a dynamic 

configuration. In a static configuration, every point in the location is under the sensor 

network shadow. Depending on the environment size, complexity, and range of the nodes, 

the sensor network should have a certain number of sensor nodes which are critical to 

achieve static coverage. However, if the environment is an unknown or a large terrain, 

static configuration is not feasible. In this case, dynamic coverage is used to achieve sensor 

coverage by covering the terrain with constant motion. Because dynamic coverage need 

not remain with a particular configuration, it is difficult to achieve. The cost of sensors 

adds to the overall complexity of a dynamic system. 

Sensor networks have the ability to revolutionize the entire concept of data 

collection and data reporting. Because of their econonuc potential, there has been 

tremendous research on this topic. Advances with micro-sensor and communication 

technology have made it feasible to build sensors with sensing, processing, and wireless 

communication capabilities. There has also been research on sensor coverage. Many 

procedures have been devised to minimize the sensor coverage problem and to make sensor 

networks more efficient and feasible. Most procedures have one thing in common; the 

sensing ability of the sensor node is directly dependent on the distance (Katib ). A sensor 
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network can be formed by deploying specialized sensors to perform sensing tasks in the 

target environment. 

The sensor nodes used to build sensor networks reduce the amount of 

communication to perform their specialized tasks. They implement sophisticated protocols 

as well as distributed and/or local computation. Depending on the sensor network's 

environment, sensor nodes have the capability to switch to power-saving modes 

(Meguerdichian et al.). Hence, the flexibility of installing and configuring a sensor network 

has greatly improved. 

The sensor nodes can be deployed in a controlled environment or an uncontrolled 

environment. A controlled environment can be an office, a house, or even a warehouse. An 

uncontrolled environment can be a large agricultural field or a battlefield. A sensor network 

can be deployed in a controlled environment with much ease and with fewer challenges 

compared to deployment in an uncontrolled environment. Sensor nodes can be manually 

deployed for a sensor network in a controlled environment, whereas it is infeasible to 

manually deploy the sensor nodes for a sensor network in an uncontrolled environment. 

The sensor nodes are scattered randomly to the specific target area to form a network or 

networks. In an uncontrolled environment, there are limitations in deploying sensors 

randomly, mainly because it is infeasible to visit the large number of sensor nodes and to 

change their configuration ( Camtepe and Y ener). 

A lot of research activity has recently been dedicated to sensor networks, and due to 

the advances in sensor-network technology, many applications of sensor networks continue 

to emerge. Sensor networks can be implemented in different areas, both across existing 

applications as well as in new applications. Some applications include habitat monitoring, 
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home monitoring, environmental and battlefield surveillance, and hostile or large 

agricultural area surveillance. Most applications involve the deployment of large-scale 

sensor networks where a large number of sensors are deployed in a vast topographical 

region. One of the many new applications for sensor networks is monitoring areas at high 

risk for forest fires. The use of sensor network can significantly reduce the forest-fire 

detection time, thus resulting in early extinguishing efforts. The cost of deploying the 

sensor nodes for a sensor network is minimal compared to the cost of losses sustained in 

the forest fires because the sensor nodes are self-configuring and do not require constant 

monitoring (Kung). The sensor network can be used as an alternative to several existing 

technologies that use considerably more resources than the sensor network. As an example, 

the hard-wired monitoring units for the central air-conditioning unit in a large office 

building have substantial wiring and maintenance costs. Replacing them with wireless 

sensor nodes improves the efficiency and the quality of the system. The wireless sensor 

nodes also allow reconfiguration and customization in the future. 

There are various issues and challenges faced by sensor networks. Some problems 

are the location, deployment, and optimization issues. The most basic and fundamental 

issue in a sensor network is the coverage (Batalin and Sukhatme; Du et al.; Huang and 

Tseng; Katib; Liu and Towsley; Poduri and Sukhatme). This paper focuses on the coverage 

issue. The quality of service for a sensor network is mainly determined by the coverage of 

the sensor network. By determining the coverage of a sensor network, the weak 

points/areas in the sensor network can be determined. The coverage provides suggestions 

for the future deployment of additional sensor nodes and, in this manner, improves the 

overall quality of the sensor network. 
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The coverage in a sensor network depends on many factors (Fan and Jin). The most 

important factor is the property of the terrain. The ease of deployment and placement of the 

sensors is when the terrain is plain with no obstacles rather than when the terrain has 

obstacles like hills, water, etc. By optimizing the number of sensors and with the efficient 

placement of the sensors, the sensor network can reduce the problem of sensor coverage, 

optimizing the sensor network. In the worst-case coverage, the quality of service is 

measured by finding areas of lower observability from sensor nodes and detecting violated 

regions. In the best-case coverage, the main concern is finding high observability areas 

from sensors and identifying the best support regions. 
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3. PROBLEM DESCRIPTION IN SENSOR COVERAGE 

Coverage in a sensor network is usually defined as a measure of how well and how 

long the sensors are able to observe the physical space. Sensor-network coverage is the 

measure of the service quality, and it represents the quality of surveillance that the network 

can provide. It is determined by how well the region of interest is monitored by sensors and 

how effectively a sensor network can detect intruders. The coverage depends on various 

network parameters for different application scenarios. Coverage in many sensor-network 

applications can be viewed from either a best case or worst case point of view (Mulligan 

and Ammari). The best-case point of view determines the areas of high coverage, and the 

worst-case point of view determines the areas of lower coverage. Looking at coverage 

from both views is helpful to solve different problems. 

There has been substantial research in the area of sensor-network coverage. One 

fundamental issue in sensor networks is the coverage problem, which reflects how well a 

sensor network is monitored or tracked by sensors. In addition to tracking and deployment, 

coverage is one of the major issues with a sensor network. The better the coverage, the 

better the sensor network's performance is in a given region. Hence, the coverage 1s 

directly proportional to the performance of a sensor network (Li and Yu; Pottie). 

A sensor network consists of a number of sensors which are deployed in the region 

of interest. In many applications, static sensors are used; they remain stationary after their 

initial deployment. By using the initial network configuration, the coverage of such a static 

sensor network is determined; the coverage remains unchanged over time. Recently, the 

sensors have been deployed on mobile platforms. Sensors that have the ability to relocate 

8 



after they are deployed are known as mobile sensors. The coverage of a mobile sensor 

network depends not only on the initial network configurations, but also on the mobility 

behavior of the sensors. Sensor mobility is exploited to obtain a new stationary 

configuration that improves coverage after the sensors move to their desired locations 

(Mulligan and Ammari). Sensor networks with mobile sensors usually start with a random 

deployment, and sensors relocate to the optimal locations. 

The nodes that are selected for a sensor network can be either a homogeneous or 

heterogeneous group. A homogeneous group is a group in which all nodes have the same 

capabilities. A heterogeneous group is one in which some nodes are more powerful than 

others. In this paper, we will be using a homogeneous sensor group for the random 

displacement of the mobile sensors during overlap technique. 

Sensor networks are a rapidly growing area for research and commercial 

development (Mulligan and Ammari). Sensor networks are used to monitor a given field of 

interest for changes in the environment. They are very useful for military, environmental, 

and scientific applications. Mobile sensor networks are used in applications where 

traditional deployment mechanisms are not suitable, such as in a hostile environment where 

sensors cannot be manually deployed or air-dropped. Coverage in an uncontrolled 

environment, like a forest or a battlefield, is more difficult to achieve when compared to 

coverage in a controlled environment like an office. Because it is infeasible to deploy 

sensor nodes manually in an uncontrolled environment, the sensors have to be randomly 

deployed to form the sensor network. In application scenarios such as atmospheric and 

oceanic environmental monitoring, sensors move with the surrounding air or ocean 

currents. Randomly scattering the sensors in a sensor network has certain issues such as the 
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high-risk areas might not get covered; there might be an overlap between sensors. The 

overlap between the sensors will result in reduced performance of the sensor network as 

more than one sensor will be recording the same data for the region. 

The most important factor to consider in the development of a coverage scheme is 

energy constraints (Mulligan and Ammari). Most research with random deployments for 

sensors regards the ability to maintain coverage while minimizing the amount of energy 

expended. Sensor nodes use a battery for their energy source, and in most applications, 

once the sensors are deployed, battery replacement is not feasible. Therefore, prolonging 

battery life and conserving energy become very important. There are several methods 

available. One method is to place unused sensors in a low-energy sleep mode to preserve 

energy. Another method is to adjust the transmission range so that the sensor nodes only 

use enough energy to transmit to a neighbor node. Energy can also be conserved by 

improving the data-gathering and routing efficiency of the sensor nodes. The most 

challenging part of a sensor network with mobile sensors is routing of the mobile sensors. 

Because they have limited power, they cannot move great distances to cover the non

coverage areas, hence their movement must be limited locally. In this paper, we limit the 

relocation range of the mobile sensors up to 8 grid cells' radius in the grid area. By 

controlling the movements of the sensors in the network, we are conserving energy. There 

are several algorithms and procedures for routing mobile sensors and improving the sensor 

coverage, such as the local spiral search algorithm, random displacement algorithm, 

centralized algorithm, and distributed algorithm. Due to the overlap of sensors if multiple 

sensor nodes are collecting the same information, the network is expending energy 

needlessly. This paper demonstrates the random displacement of the mobile sensors during 
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overlap technique which makes the sensor network more efficient by eliminating 

redundancy when relocating the overlapped sensors to non-coverage areas. 

Over the past few years, much research has been performed in the sensor-coverage 

domain, and many new techniques have been proposed as solutions (Meguerdichian et al.). 

This project proposes a possible solution to the coverage problem. This paper demonstrates 

the random displacement of the mobile sensors during overlap technique which uses the 

random displacement algorithm. The random displacement of the mobile sensors during 

overlap tool was designed and implemented to provide a prototype of the sensor network. 

The tool has been tested with static and mobile sensor nodes randomly scattered in the 

sensor-network environment, with no overlapping sensors, resulting in considerable 

improvement in the coverage. The gain was calculated based on the sensor overlap. 

The random displacement of the mobile sensors during overlap technique uses 

mobile sensors along with static sensors to take care of the coverage issue and to improve 

the performance for the sensor network. There are various reasons for including mo bile 

sensors with static sensors. If there is an overlap between the mobile sensor and the static 

sensor, the mobile sensor can relocate to a non-coverage area. If there is an overlap 

between two mobile sensors, one of the mobile sensors can relocate to a non-coverage area. 

With the random displacement of the mobile sensors during overlap technique, there is no 

need to deploy additional sensors to cover a given area when there are mobile sensors. 

Furthermore, if a static or a mobile sensor dies in a high-risk area, the nearest low-risk area 

mobile sensor can relocate to the required area in order to continuously monitor the high 

risk area. This technique ensures continuous coverage and increased performance of the 
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sensor network. The random displacement of the mobile sensors during overlap technique 

is further discussed in the next chapter. 



4. RANDOM DISPLACEMENT OF MOBILE SENSORS 

DURING OVERLAP 

The coverage issue and maximizing the coverage can be achieved by using random 

displacement of the sensors when there is any overlap between sensors. The technique will 

improve the sensor coverage and also improve the quality of service. 

This procedure applies to a sensor network with both static and mobile sensors. 

Because of cost restrictions, a sensor network cannot have all mobile sensors. A cost

efficient sensor network is one with both static and mobile sensors where the static sensors 

outnumber the mobile sensors. The random displacement technique for overlap was chosen 

over other techniques because of its simplicity. Moreover, there is no need to save the 

sensor information. 

The sensors are deployed in a given area with a combination of static and mobile 

sensors. Once they are deployed, if there is an overlap between a static and a mobile sensor 

or between two mobile sensors then the overlapped mobile sensor will move to a new 

location. By moving the mobile sensors which overlap with other mobile sensors or static 

sensors, a better coverage gain can be achieved and result in improved quality of service. 

The random displacement of the mobile sensor with overlap technique starts by moving the 

mobile sensor with maximum overlap. The mobile sensor will move to an empty grid cell 

which needs coverage. The movement of the mobile sensor is restricted by the number of 

steps. If we do not limit the movement, then the mobile sensor's power will be drained at 

an increasing level. If a grid is partially or fully covered by a sensor, then the information 

will be recorded, and the mobile sensor looking for an empty spot will be notified. Based 
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on the information, the mobile sensor will move to the empty grid cell, and once again, the 

entire field would be tested for any overlap. The sensor movement is limited within 8 grid 

cell areas in order to achieve maximum coverage with minimum battery life. If there is no 

empty grid cell within the 8-grid radius area, then the overlapping sensor will not move. 

This process would continue until all the overlapping mobile sensors are moved to an 

empty grid cell. 

Consider this example (Figure 1 ): If the sensor overlapping occurs in grid cell 0 

(highlighted yellow), then the mobile sensor can randomly move to any non-covered grid 

cell within the radius of 8 grid cells (highlighted green). 

Figure 1. Grid Diagram. 
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The random displacement procedure is efficient because it works step by step, 

moving the mobile sensor with the most overlap to the grid cell with no coverage. Once 

this step is done, another reading is taken to determine the coverage of the grids. Then, the 

next-most overlapped sensor is moved to the grid cell with no coverage. No grid cell will 

be occupied by two mobile sensors. This technique is repeated until all the overlapped 

sensors move to uncovered grid-cell areas. This technique drastically enhances the quality 

of service, thereby maximizing the sensor coverage in a given area. Further descriptions of 

the application and the high-level design are discussed in the following chapters. 

This procedure was tested with different test data, and each time, it produced an 

increased coverage gain, hence proving that this procedure is instrumental in improving the 

sensor coverage for a particular area. These results for different test cases are provided later 

in the paper. 
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5. HIGH-LEVEL DESIGN 

The Unified Modeling Language (UML) is becoming widely used for both 

databases and software modeling. UML includes diagrams for use cases, static structures 

(class and object diagrams), behavior (state-chart, activity, sequence, and collaboration 

diagrams), and implementation (component and deployment diagrams). 

5.1. Class Diagram 

The class diagram is a static-structure diagram that describes the entire structure of 

a system by showing the system's classes, attributes of the classes, and the relationships 

between the classes. Classes are depicted as boxes with three sections: the top section 

indicates the name of the class; the middle section lists the attributes of the class; and the 

bottom section lists the methods. 

The prototype (Figure 2) was designed with a total of 11 classes and 6 base classes. 

Each class is isolated from each other, and there is no dependency between any of the 

classes. Every class has its own functionality and performs different actions with no 

reusability of other classes. 
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5.2. Sequence Diagram 

The sequence diagram is one type of Unified Modeling Language (UML) diagram. 

It is an interactive diagram that shows the order of the processes that are operating with 

each other. There are total of three sequence diagrams that were developed for the 

prototype of the random displacement technique: Deploy sequence diagram, Move 

sequence diagram, and Move all sequence diagram. 

5.2.1. Deploy Sequence Diagram 

Once the input data are provided, the deploy operation can be performed anytime. 

Once we deploy the sensors, previously deployed sensors will be removed, and new 

sensors will be deployed based on the input provided by the user. 

When sensors are deployed in the field, the entire area will be cleared, and static 

sensors will be deployed, followed by the mobile sensors. The displacement will be 

uncontrolled; hence the sensors can be located anywhere in the given field. Upon complete 

deployment, the sensor-overlap area and sensor field information, such as the total area, 

coverage area, and non-coverage area, are accumulated. 

Area calculation will be performed based on the information collected from the 

mobile and static sensor locations as well as their overlap areas. Overlap for the mobile 

sensor area will be calculated first, followed by the static overlap area. Based on the 

information collected, the coverage area of the sensors and non-coverage area of the 

sensors will be calculated. The overlapped mobile sensors are set to move to new locations 
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with the collected information about the coverage and non-coverage areas. Figure 3 

explains the sequence diagram for the deploy sensor mechanism. 

5.2.2. Move Sequence Diagram 

The Move action is performed to re-locate the overlapped mobile sensors to the 

non-covered region. At first, the overlap-area information is collected, and a decision is 

made based on the percentage of the overlap area between each mobile-mobile and mobile

static sensor. The mobile sensor with maximum overlap percentage is selected first for 

random displacement. Within the 8-grid radius, the overlapped mobile sensor can move 

randomly to any non-covered region. With the overlapped mobile sensor at a new location, 

the entire area of the sensors is re-calculated. The re-calculation is performed using the 

update grid process which gathers all the information about the coverage and non-coverage 

of the sensors. Finally, the gain percentage is calculated based on the collected information 

from the updated coverage and non-coverage areas. The sequence diagram of the Move 

operation is depicted in Figure 4. 

Calculation of the gain percentage is represented in the formula below where the 

UpdateCovergaeArea is the coverage area of the sensors calculated after randomly moving 

the overlapped mobile sensor to new location and the InitialCoverageArea is the coverage 

area of the sensors calculated before moving the overlapped mobile sensors. 

Gain = [ (UpdatedCoverageArea - InitialCoverageArea) I UpdatedCoverageArea) * 100 J 
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5.2.3. Move-AU Sequence Diagram 

The Move-All operation is similar to the Move operation. The only difference 

between the Move and Move-All operations is the looping mechanism. With Move-All, the 

Move operation will be executed in a loop until we have moved all possible overlapped 

mobile sensors to a new uncovered grid-cell area. 

With the Move-All operation, the overlap area of the sensor field is calculated, and 

information about the percentage of overlap for each mobile-mobile and mobile-static 

sensor is saved. The mobile sensor with maximum overlap is randomly moved to a new 

location. The new location is randomly chosen, and the decision is made based on the non

coverage area within the 8-grid cell radius. Once the re-location is completed, the second 

highest percentage of overlapped mobile sensors will be considered for re-location. This 

process is continued until all overlapped sensors are moved to a new location. 

The two criteria on which the overlapped mobile sensor will not move to a new 

location are as follows: 

■ If there is no non-covered or empty grid cell area within the 8-grid cell radius, then the 

overlapped mobile sensors will not relocate. 

• If a minimum overlap threshold percentage is defined by the user, then any overlapped 

sensors below the defined threshold will not re-locate. 

Upon re-location of all the mobile sensors, the sensor field is updated with latest 

information about the coverage, non-coverage, and overlap areas. Calculation of the grid 

percentage is the same as defined in Move operation section. The sequence diagram for 

Move-All sensors is depicted in Figure 5. 
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<<return>> 

r 

Move-Seq-In-loop 
----➔ 

ot,AceL _________ _ 
GetT otal MobileArea 
I 1----➔ 

GetTotalStaticArea 

1----➔ 

GetTotalArea 
----➔ 

Figure 5. Move - All Sequence Diagram. 
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6. APPLICATION 

This chapter describes details about the application used to generate the sensor 

network. The random displacement of mobile sensors during overlap tool was designed and 

implemented to provide a prototype of the sensor network. 

6.1. Inputs Provided 

Based on the inputs given by the user, the prototype generates a sensor network. 

The possible inputs that can be provided by the user are as follows: 

• The height and width of the sensor area where the sensor network is to be created. 

• The height and width of the grid area in the sensor network. 

• The homogenous sensor size, determined by the radius. 

• The percentage limit of the overlap threshold. 

• The number of static sensors. 

• The number of mobile sensors. 

• The color of the static and mobile sensors. 
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6.2. Color Coding 

The color of the grid-cell background, static sensors, and mobile sensors are chosen 

by the user. The colors can be provided either while entering the data or in the combo box. 

The colors can be changed for each test case. 

6.3. The Task Bar 

6.3.1. 'Data' Tab 

The 'Data' tab allows the user to enter the inputs required for the application. 

Default values are provided for the user. 

6.3.2. 'Deploy Sensor' Tab 

Upon entry of the required sensor data, the sensor network prototype will be 

generated by the 'Deploy Sensor' tab. The user's inputted value for the number of static 

sensors and the number of mobile sensors will be randomly positioned in the grid area. 
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6.3.3. 'Move' Tab 

By usmg the 'Move' tab, the overlapped mobile sensors will randomly be 

positioned to a non-coverage area. Each move is determined by the maximum overlaps. 

The maximum overlapped sensors are moved first to non-covered areas, followed by the 

next-highest overlapped sensors. If the user defines an overlapping threshold limit, then the 

overlapped mobile sensors which are below the threshold value will not move to a non-

coverage area. 

6.3.4. 'Move All' Tab 

By using the 'Move All' tab, the overlapping mobile sensors will be positioned 

randomly at the same time. If the user defmes an overlapping threshold limit, then the 

overlapped mobile sensors which are below the threshold value will not move to a non-

coverage area. 

6.4. The Combo Box 

6.4.1. 'Total Area' Field 

The 'Total Area' field displays, in pixels, the total area of the sensor network. The 

total area data is obtained from the sensor area input. The sensor area height and width 

multiplied together gives the total area of the sensor field. 
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6.4.2. 'Coverage Area' Field 

The 'Coverage Area' field displays the total coverage area of the sensor network, 

for both the static and mobile sensors, in pixels. The calculated coverage area is then used 

to obtain the non-coverage area of the sensor field. 

6.4.3. 'Non-Coverage Area' Field 

The 'Non-Coverage Area' field displays, in pixels, the total area which is not 

covered by either static or mobile sensors. The non-coverage area is obtained by 

subtracting the total area by coverage area of the sensor field. 

6.4.4. 'Overlap Area' Field 

The 'Overlap Area' field displays, in pixels, the total overlap area between the 

sensors. The overlap area is calculated between static-static and static-mobile sensors. The 

percentage of the overlapped area can be obtained in the overview field. Refer 'Overview' 

field section for more details on overlapped percentage data. 
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6.4.5. 'Gain' Field 

The corresponding coverage gain for each move can be measured and is displayed 

in the 'Gain' field. The total coverage gain of the sensor area, as a percentage, can be 

calculated by {[(Coverage Area - Initial Coverage Area)/ Coverage Area] * 100} 

6.4.6. 'Overview' Field 

The 'Overview' field provides the user a general description of the sensor area. For 

every move, it provides details about the gain of the coverage sensors. If the mouse is 

moved over the overlapped sensor area, the overlapping percentage is displayed in the 

'Overview' field. 
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7. VISUALIZATION 

This chapter of the paper will cover the visualization of the sensor network and 

describe how the static and mobile sensors are positioned across the grids without any 

overlap. Figure 6 is data-entry screen. The user can enter the required data to run the 

prototype. Data for the Sensor Area; Grid Area; sensor size; threshold overlapping 

percentage; and the number of static and mobile sensors, along with their respective color 

denotions, can be entered in the form. Upon completion of the form, the 'OK' button is 

used to generate the sensor network. The 'Cancel' Button is used to exit the setting form 

without making any changes to the default values. 

Sensor Data 

Sensorhea Grtdhea 

H~gM ::::1100=======1±1:::I 
width ._1, oo __ ---=1±1=1 

H~gM J::::5=======1±1=:I 
Width J.__5 __ ___.1±1=: 1 

Other thnber Of Sensors 

Radius J5 1±11 Static 110 1±11 -
o/. limit 10 1±11 Mobile J15 1±11 

[:::·::":§.~::::::·::] I Cancel 

Figure 6. Setting Form for Data Entry. 
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Figure 7 shows the overlaps among the sensors in the network. This screen 1s 

generated upon deploying the sensors. The 'Move' tab can be used to reposition the mobile 

sensors to the non-coverage areas so that there is no overlap. The most-overlapped sensors 

are moved first, followed by the next-most overlapped sensors, using the random 

displacement technique algorithm. This process is continued until all the overlapped 

sensors above the overlapping threshold percentage have been repositioned to the non

coverage grid-cell area. Upon positioning the mouse over the overlapped sensors, that 

particular overlap area will be displayed in the Overview field. The 'Move All' tab can also 

be used to reposition the overlapped sensor to the non-coverage grid-cell area. The only 

difference between the 'Move' and 'Move All' tabs is that the 'Move' tab repositions the 

overlapped sensors one-by-one, whereas the 'Move All' tab repositions all overlapped 

sensors at once. The combo box also displays the Total Area field, Coverage Area field, 

Non-Coverage Area field, Overlap Area field, Gain field, and the Overview field. The 

respective color denotions for the Grid, Static, and Mobile sensors are also displayed in the 

combo box. 

Figure 8 is a sensor network that does not have overlaps between the sensors. All 

the overlapped mobile sensors have been repositioned to the non-coverage grid area. The 

dotted line represents the relocation of the overlapping sensors, from the initial location to 

the new location. The combo box also displays the Total Area field, Coverage Area field, 

Non-Coverage Area field, and the Overlap Area field. Once all the overlapped sensors are 

relocated, the final gain percentage is displayed in the Gain field. The random displacement 

technique procedure is used for different test cases, and the corresponding gain percentage 
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can be calculated. Once all the mobile sensors are repositioned across the grid area so that 

none are overlapping, a 'Sensor Result' pop-up appears with the following message: 

"There was no overlap in the sensor coverage." This message is an indication that the 

random displacement technique algorithm was sucessfully implemented to generate a 

sensor network with no overlapping sensors. 

Dm Deploy Sensors Move Move All 

Tallllna 

110000 

Coftnglt Ina 

11284 

Nan-Co-.gelna 

18715 

o-t.plna 

1111 

Gain 

OwwYiew 

~ I 1 .. 

Grid 

Sbtic 

Nallile 

.---r---.--..----r--.---r----T-..----r--,.--"T---,,---,----r--r---r----i,---r---.------1 

Figure 7. Sensor Network with Overlaps. 
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. ... . ' 

i} Sensor Network-Coverlge AIM ' . 
----

Data Deploy Sensors Move Move All 

Tatllllna 

110000 

umngelna 

11'56 

Nan-Cowaage Ina 

18543 

Gan 

111 

Oweniew 

0 r 
Grid 

Slatic 

Mabila 

,--...,.......--,--.--...,.......----,--..---.----,,--,...-......,...---,-......---,--..--....,....--,--,--...,.......----,--, 

Figure 8. Sensor Network Without Overlaps. 

Figure 9 is the setting form for the data entry required to run the prototype. This 

form is a sample data form with the overlapping threshold percentage set as 25%. Any 

overlapping sensors with more than 25% overlap will be repositioned to a non-coverage 

area. If the overlapping sensors are less than the 25% overlap threshold, they will not 

relocate to a non-coverage area. Upon completion of the form, the "OK" button is used to 

generate the sensor network. The "Cancel" button is used to exit the setting form without 

making any changes to the default values. 
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~nsorData 

SensorArlRI Grid Ar1RI 

Height 1,00 ~, Height 15 ~, 
Width 1,00 ~, Width 1s ~, 
Other thnlJer Of SellSCJl'S 

Radius 1s ~, Static 110 ~,. 
o/. limit 12s ~I Mobt1e 1,s ~, 

OK l [ Cancel 

Figure 9. Data Entry with 25% Overlap Threshold. 

Figure 10 displays the sensor grid with the deployed static and mobile sensors. The 

mouse has been positioned on top of the overlapping sensors with more than 25% overlap. 

When clicking the Move Tab, the overlapping sensors greater than the 25% overlap 

threshold will move to non-coverage areas. If the overlapping sensors are less than the 25% 

overlap threshold, they will not relocate. The Overlap Area field displays a value of 221 

for this test case. 

Figure 11 displays the sensor grid when the Move All tab is clicked. The Overlap 

Area is now 127 for this test case. The gain obtained is 7. The dotted lines indicate the path 

of the moving overlapped sensors from the initial location to the new location. As noted in 

the Figure 11, the overlapped sensors below the overlap threshold of 25% have not been 

repositioned. Hence, the Overview field displays "The overlap area is O." 
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~ Sensor Networlc 

Data Deploy Sensors Move Move All 

Taul,._ 

110000 

Qmnge,._ 

11235 

Nan-Co-..nga ,._ 

11764 

Onrlap,._ 

1221 

Gan 

<Mniew 

~ I 48 

Grid 

5altic -

,---,--.------,--..----,--~-.--,---,--r---,....---""T""-r----r--..---,--..---.--,----t 

Figure 10. Sensor Network with Overlap > 25%. 
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i5) Sensor Networlc-OMnige 

Data Deploy Sensors Move Move All 

Tatallna 

110000 

urnngalna 

11329 

~,... 
111671) 

Onrlaplna 

1121 

Gllin 

11 
Onniew 

~ I 0 

Grid -...... 

.-----r--.--"""T""-.--"""T""---,,---r----,,---r----,.---.----,,---.----,,---.---,-~--,-~----11 

Figure 11. Relocation of Overlapping Sensors > 25%. 
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8. RESULTS 

In this chapter, the performance of the tool developed for the random displacement 

technique of mobile sensors will be validated. Different scenarios were created by 

changing the input data of the sensors. Sensor area, grid area, radius of the sensor, and the 

number of sensors to be deployed were the key elements while generating different sensors 

fields. Below are different test cases that were validated; the average mean of the gain was 

calculated at the end of each test case. 

8.1. Test Case 1 

As seen in Table 1, for the first test case, a sensor area of IO0xlO0 (in pixels), grid 

size of 5x5 (in pixels), sensor radius size of 5, 15 static sensors, and 15 mobile sensors 

were given as input. With the given input data, the sensors were deployed 20 times, 

resulting in the sensors being displaced at random positions. Gain was calculated based on 

the overlap of the sensors. The highest gain was noted at 20%, and the lowest gain was 

reported as 4% during execution of the test case. Average gain resulted at 12.5%. 
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8.2. Test Case 2 

As seen in Table 2, for the second test case, a sensor area of 200x200 (in pixels), 

grid size of l0xlO (in pixels), sensor radius size of 10, 25 static sensors, and 25 mobile 

sensors were given as input. The highest gain resulted at 44%, and the lowest gain resulted 

at 12%. The average gain of the sensors was reported as 24%. 

8.3. Test Case 3 

As seen in Table 3, for the third test case, a sensor area of 300x300 (in pixels), grid 

size of 15x15 (in pixels), sensor radius size of 15, 25 static sensors, and 25 mobile sensors 

were given as input. The highest gain resulted at 32%, and the lowest gain resulted at 13%. 

The average gain of the sensors was reported as 20.30%. 

Average gain generated by different input data for the random displacement 

technique was always higher than the other algorithms, such as the Local Spiral Search 

algorithm (Katib). With the Local Spiral Search algorithm, the highest average gain was 

noted as 6.5% and lowest average gain was noted as 4.1 %, whereas with the random 

displacement technique, the highest average gain was noted as 44%, and the lowest average 

gain was noted as 4%. Figure 12 explains the comparison of gain data among Test Cases 1, 

2, and 3. 
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Total Area 
Sensor Area 
Grid Size 
Sensor Radius Size 
Number of Sensors 

Coverage Area 
(Before Applying 

Algorithm) 
[in pixel] 

1650 
1361 
1421 
1519 
1325 
1357 
1578 
1439 
1414 
1319 
1576 
1473 
1557 
1484 
1360 
1489 
1542 
1668 
1371 
1260 

10000 
1 00x lO0(in pixel) 

5x5(in pixel) 
5 

Static 
Dynamic 

Non Coverage 
Area (Before 

Applying 
Algorithm) 

[in pixel] 

8349 
8638 
8578 
8480 
8674 
8642 
8421 
8560 
8585 
8680 
8423 
8526 
8442 
8515 
8639 
8510 
8457 
8331 
8628 
8739 

Table 1. Test Case 1 

15 
15 

Overlap Area 
(Before 

Applying 
Algorithm) 

[in pixel] 

97 
386 
326 
228 
422 
390 
169 
308 
333 
428 
171 
274 
190 
262 
387 
258 
205 
79 

376 
487 

Coverage 
Area (After 

Applying 
Algorithm) 

[in pixel] 

1737 
1705 
1608 
1679 
1670 
1690 
1714 
1670 
1651 
1667 
1732 
1706 
1691 
1597 
1657 
1721 
1747 
1747 
1642 
1514 
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Non Coverage Overlap Area 
Area (After (After 

Applying Applying 
Gain 

Algorithm) Algorithm) 
(%) 

[in pixel] [in pixel] 

8262 10 5 
8294 42 20 
8391 139 11 
8320 68 9 
8329 77 20 
8309 57 19 
8285 33 7 
8329 77 13 
8348 96 14 
8332 80 20 
8267 15 8 
8293 41 13 
8308 55 7 
8404 150 7 
8342 90 17 
8278 26 13 
8252 0 11 

8252 0 4 
8357 105 16 
8485 233 16 

Average 12.5 



Total Area 40000 
Sensor Area 200x200(in pixel) 
Grid Size l0xl0(in pixel) 
Sensor Radius Size 10 
Number of Sensors 

Coverage Area 
(Before Applying 

Algorithm) 
[in pixel] 

8796 
7035 
7168 
8573 
7782 
8185 
5891 
8241 
7140 
8404 
7364 
7666 
8304 
9003 
8105 
8146 
8539 
9791 
8771 
9383 

Static 
Dynamic 

Non Coverage 
Area (Before 

Applying 
Algorithm) 

[in pixel] 

31203 
32964 
32831 
31426 
32217 
31814 
34108 
31758 
32859 
31595 
32635 
32333 
31695 
30996 
31894 
31853 
31460 
30208 
31228 
30616 

Table 2. Test Case 2 

25 
25 

Overlap Area 
(Before 

Applying 
Algorithm) 

[in pixel] 

2855 
4616 
4483 
3079 
3870 
3466 
5760 
3410 
4511 
3247 
4287 
3985 
3347 
2649 
3546 
3505 
3113 
1860 
2880 
2268 

Coverage 
Area (After 

Applying 
Algorithm) 

[in pixel] 

10817 
10488 
10766 
10962 
10227 
10571 
10568 
10707 
10269 
11294 
10467 
10869 
10718 
11364 
10474 
10541 
10495 
11505 
11174 
10765 
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Non Coverage Overlap Area 
Area (After (After 

Gain 
Applying Applying 

(%) Algorithm) Algorithm) 
[in pixel] [in pixel] 

29182 834 18 
29511 1163 32 
29233 885 33 
29037 689 21 
29772 1425 23 
29428 1081 22 
29431 1084 44 
29292 944 23 
29730 1382 30 
28705 357 25 
29532 1184 29 
29130 782 29 
29281 933 22 
28635 287 20 
29525 1177 22 
29458 1110 22 
29504 1156 18 
28494 146 14 
28825 477 21 
29234 886 12 

Average 24 



Total Area 
Sensor Area 
Grid Size 
Sensor Radius Size 
Number of Sensors 

Coverage Area 
(Before Applying 

Algorithm) 
[in pixel) 

17817 
20153 
19188 
21337 
19518 
18042 
20881 
19932 
21165 
17177 
20342 
19644 
22973 
18686 
21260 
18548 
16874 
20520 
18753 
16724 

90000 
300x300(in pixel) 

15x15(in pixel) 
15 

Static 
Dynamic 

Non Coverage 
Area (Before 

Applying 
Algorithm) 

[in pixel) 

72182 
69846 
70811 
68662 
70481 
71957 
69118 
70067 
68834 
72822 
69657 
70355 
67026 
71313 
68739 
71451 
73125 
69479 
71246 
73275 

Table 3. Test Case 3 

25 
25 

Overlap Area 
(Before 

Applying 
Algorithm) 

[in pixel) 

8399 
6063 
7029 
4880 
6698 
8175 
5335 
6284 
5051 
9039 
5874 
6572 
3244 
7530 
4957 
7669 
9342 
5696 
7463 
9492 

Coverage 
Area (After 

Applying 
Algorithm) 

[in pixel) 

23710 
25408 
23243 
25092 
24729 
24311 
24461 
25117 
25053 
25307 
25368 
24597 
26152 
27726 
24461 
24754 
24680 
25614 
23320 
23558 

40 

Non Coverage Overlap Area 
Area (After (After 

Gain 
Applying Applying 

(%) 
Algorithm) Algorithm) 

[in pixel) [in pixel) 

66289 2506 24 
64591 808 20 
66756 2973 17 
64907 1124 14 
65270 1487 21 
65688 1905 25 
65538 1756 14 
64882 1099 20 
64946 1163 15 
64692 909 32 
64631 848 19 
65402 1619 20 
63847 65 12 
67223 3441 17 
65538 1755 13 
65245 1462 25 
65319 1537 31 
64385 602 19 
66679 2896 19 
66441 2658 29 

Average 20.3 
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...... 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

No. of Iterations 

~TC-1 : Sensor Area - 100*100, Grid Size - 5*5, Sensor Radius - 5, Static Sensors - 15, Mobile Sensors - 15 

-TC-2 : Sensor Area - 200*200, Grid Size - 10*10, Sensor Radius -10, Static Sensors - 25, Mobile Sensors - 25 

..... TC-3 : Sensor Area - 300*300, Grid Size - 15*15, Sensor Radius - 15, Static Sensors - 25, Mobile Sensors - 25 

Figure 12. Comparison of Gain Data from Test Cases 1, 2 and 3. 
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8.4. Test Case 4 

The fourth test case was executed to cover the gain improvisation. The total number 

of static sensors is a fixed number, and the total number of mobile sensors was increased 

for every set of iterations. 

All fields except the number of mobile sensors were kept as fixed data. The sensor 

area of lO0xlO0 (in pixels), grid size of 5x5 (in pixels), sensor radius size of 3, and 100 

static sensors were given as fixed input. The total number of mobile sensors was increased 

in an incremental order of 5, 10, 15, etc. 

As seen in Figure 13 and Table 4, when 5 was the total number of mobile sensors, 

the average gain was 2. When 10 was the total number of mobile sensors, the average gain 

resulted in 4. The average gain resulted in an incremental curve on an order of 2. 

12 
ti 
1111 
~ 10 
ii 
u 8 ~ 

0.. 

.5 6 

~ 
ti 4 
1111 ; 2 
> 

C( 

0 

...... 
~ 

..... 
""' ... 

- ~ ... 
.... ... ,,. 

5 10 15 20 25 

Total Number of Mobile Sensors 

_._TC-4 : Sensor Area - 100*100, Grid Size - 5*5, Sensor Radius - 3, Static Sensors - 100, 
Mobile Sensors - 5,10,15,20,25 

Figure 13. Gain Coverage with Incremental Mobile Sensors. 
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Total Area 
Sensor Area 
Grid Size 
Sensor Radius Size 
Number of Sensors 

Coverage Area (Before 
Applying Alcorithm) 

[In pixel) 

Total Area 
Sensor Area 
Grid Size 
Sensor Radius Size 
Number of Sensors 

1779 
1673 
1667 
1834 
1729 
1753 
1617 
1788 
1736 
1823 

Coverage Area (Before 
Applying Algorithm) 

[In pixel] 

Total Area 
Sensor Area 
Grid Size 
Sensor Radius Size 
Number of Sensors 

1802 
1879 
1733 
1876 
1843 
1784 
1847 
1882 
1861 
1976 

Coverage Area (Before 
Applying Algorithm) 

(lo pixel! 

1957 
1814 
1862 
1859 
1941 
1891 
1790 
1945 
1810 
1754 

10000 
IOOxlOO(in pixel) 

5x5(in pixel) 
3 

Static 
Dvnamlc 

Non Coverage Area 
(Before Applying 

Algorithm) 
[In pixel] 

8220 
8326 
8332 
8165 
8270 
8246 
8382 
8211 
8263 
8176 

10000 
lOOxlOO(in pixel) 

5x5(in pixel) 
3 

Static 
Dvnamlc 

Non Coverage Area 
(Before Applying 

Algorithm) 
[in pixel] 

8197 
8120 
8266 
8123 
8156 
8215 
8152 
8117 
8138 
8023 

10000 
IOOxlOO(in pixel) 

5x5(in pixel) 
3 

Static 
Dynamic 

Non Coverage Area 
(Before Applying 

Algorithm) 
[lo pixel! 

8042 
8185 
8137 
8140 
8058 
8108 
8209 
8054 
8189 
8245 

Table 4. Test Case 4 

100 
5 

Overlap Area Coverage Area 
Non Coverage 

Overlap Area 
Area (After 

(Before Applying (After Applying 
Applying 

(After Applying Gain 
Algorithm) Algorithm) 

Algorithm) 
Algorithm) (¾) 

[In pixel! [In pixel] 
(In pixel] 

[In pixel) 

423 1811 8188 390 1 
528 1761 8238 440 4 
534 1730 8269 471 3 
367 1854 8145 347 I 
472 1749 8250 452 1 
448 1782 8217 420 I 
584 1662 8337 539 2 
414 1858 8141 343 3 
465 1764 8235 437 I 
378 1842 8157 359 I 

Average 2 

100 
10 

Overlap Area Coverage Area 
Non Coverage 

Overlap Area 
(Before Applying (After Applying 

Area (After 
(After Applying Gain 

Algorithm) Algorithm) 
Applying 

Algorithm) (¾) Algorithm) 
[In pixel] [in pixel] 

(in olxell 
[In pixel) 

504 1907 8092 400 5 
427 1952 8047 354 3 
573 1854 8145 452 6 
430 2000 7999 306 6 
463 1881 8118 426 2 
522 1876 8123 430 4 
459 1928 8071 379 4 
424 1949 8050 357 3 
445 1912 8087 - 394 2 
330 2032 7967 275 2 

Average 4 

10 
15 

Overlap Area Coverage Area 
Non Coverage 

Overlap Area 
(Before Applying (After Applying 

Area (After 
(After Applying Gain 

Algorithm) Algorithm) 
Applying 

Algorithm) (¾) 
[In pixel] [In pixel] 

Algorithm) 
[In pixel) 

[in pixel) 
454 2038 7961 373 3 
597 1978 8021 433 8 
549 2003 7996 408 7 
552 1939 8060 472 4 
470 2053 7946 358 5 
520 1960 8039 451 3 
621 1895 8104 516 5 
466 2042 7957 369 4 
601 1986 8013 425 8 
657 1869 8130 542 6 

Average 6 
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9. CONSTRAINTS 

The following are constraints of the Random Displacement Technique: 

■ Considering the battery health of the mobile sensor, the sensor can move up to 8 steps 

in any direction at any given point of time. 

■ No further movement can be achieved once minimum overlap is attained. 
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10. CONCLUSION 

In addition to tracking and deployment, one fundamental issue in sensor networks is 

the coverage problem, which reflects how well a sensor network is monitored or tracked by 

sensors. The better the coverage, the better the sensor network performance is in a given 

region. This project proposed a possible solution for the coverage problem. This paper 

demonstrated the random displacement of the mobile sensors during overlap technique 

which was designed and implemented in order to provide a prototype of the sensor 

network. Achieving maximum coverage using random displacement in a limited area can 

be accomplished only when we have more mobile sensors in addition to the static sensors 

deployed in the sensor field. 

The random displacement technique was used to reposition any overlapping mobile 

sensors with static or mobile sensors in order to enhance the quality of service and to 

increase the coverage in a given area. The gain was calculated based on the overlap of the 

sensors. The user was given an option to define the overlap threshold limit. Sensors below 

the overlap threshold value did not move to a new location. In order to achieve maximum 

coverage with minimum battery life, the movement of the sensors was restricted within an 

8-grid cell radius. Sensors did not move to a new location if there was no empty cell within 

the 8-grid radius area. The overlapped mobile sensor moved randomly to a non-coverage 

area within the 8-grid radius area. Results of various test cases and their gains were 

discussed in the paper. There was a considerable increase in the sensor coverage area when 

the random displacement of the mobile sensors during overlap technique was used. 
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