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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

MINIMISING COVERAGE HOLES FOR PREDICTION-BASED 

MOBILE OBJECT TARGET TRACKING IN WIRELESS SENSOR 

NETWORKS 

By 

KHALID ABDULLAHI ALI 

November 2017 

Chairman :   Professor Mohd. Fadlee A. Rasid, PhD 

Faculty :   Engineering  

The use of small, cheap, networked devices to perform a collaborative task presents 

an attractive opportunity in many scenarios. One such scenario is tracking the 

coverage hole in sensing area and tracking an object moving through the region of 

interest in Wireless Sensor Network (WSN). This thesis presents a new framework for 

track- ing coverage hole and mobile object in wireless sensor network. Existing 

algorithms have been integrated and extended with this framework to perform target 

tracking for coverage hole in the Region of Interest (ROI) and tracking mobile object 

whilst managing accuracy of tracking and energy usage, in order to increase the 

lifetime of a sensor network. The node dies after energy depletion, and such 

consequence causes holes in the coverage area to be created. In a sensor network with 

movement capa- bilities, nodes can be moved to make redeployment. Hence, work 

presented in this thesis could be useful to WSN algorithms developers, and also to 

people who plan the deployment of nodes in a region of interest.  

This thesis focuses on tracking moving objects scenarios, but the research presented 

is not limited to this. The aim is to increase the coverage environment through smaller 

mobility of sensor nodes, such that mobility distance is limited to 1-hop, and k-

coverage of the nodes are not increased. By securing full coverage with no coverage 

hole, accuracy of target tracking can be improved. Novel improvement is presented 

here in performing target tracking of mobile objects where the target moves in a linear 

fashion. This thesis proposes a prediction-based scheme called Face-based Target 

Tracking Technique (FTTT) to minimize energy depletion and prolong the lifetime 

for sensor node while accurately tracking mobile objects. This strategy of tracking 

mobile ob- jects will influence accuracy of mobile objects tracking. In addition, we 

also introduce schemes for object tracking recovery to figure out the problem of object 

tracking loss. Through analysis from the simulation results, our presented prediction-
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based scheme for tracking movable object can efficiently preserve energy and 

perfectly attain the aim of tracking mobile objects concurrently and accurately.  

 

 

From the simulation results, the proposed coverage hole algorithm shows a coverage 

gain of up to 14%. However, on average, the proposed vector space algorithm shows 

3% to 4% improvement in the percentage coverage, as compared to the previous al- 

gorithm. In the scenario of target tracking, the proposed prediction-based scheme for 

tracking mobile object can efficiently preserve energy and perfectly attain the aim of 

tracking moving mobile object concurrently. The proposed prediction-based opti- 

mistic object tracking scheme can save up to 24% energy consumption as compared 

to the related works. The accuracy of FTTT is still higher than 98%, which shows that 

optimistic design does not influence the tracking accuracy. Thus, FTTT appear to 

successfully conserve energy and accomplish the objective of moving objects 

tracking.  
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Penggunaan peranti kecil, murah dan berangkaian bagi melaksanakan sebuah tugasan 

secara koloboratif memberikan peluang yang menarik bagi kebanyakan senario. Salah 

satu senario ialah penjejakan liputan lubang dalam bidang sensing dan penjejakan 

sesebuah objek bergerak melalui sesuatu kawasan kepentingan. Sesebuah sensor tung- 

gal kurang berkemampuan , tetapi sekumpulan sensor berpotensi untuk menyediakan 

sistem yang fleksibel, swaatur yang menjalankan tugasan dalam keadaan yang pedar 

bagi tempoh masa yang lama. Tesis ini mengemukakan kerangka baharu bagi penje- 

jakan liputan lubang dan objek bergerak dalam jaringan sensor wayarles. Algoritma 

yang sedia ada bersifat bersepadu dan diperkembangkan dengan kerangka ini bagi 

melaksanakan penjejakan target bagi penutupan lubang dalam kawasan berkepentin- 

gan (ROI) dan penjejakan objek bergerak di samping menguruskan ketepatan bagi 

penjejakan dan penggunaan tenaga supaya dapat mengimbangi kualiti informasi den- 

gan kos memperolehnya dan meningkatkan masa hayat jaringan sensor. Bagi senario 

pertama, peningkatan kawasan liputan sensing dalam jaringan sensor merupakan isu 

yang penting. Dalam WSN, nod sensor dapat diletakkan secara rawak dalam kawasan 

berkepentingan dan nod sensor mati selepas pengurangan tenaga, akibatnya lubang 

dalam kawasan liputan terbentuk. Dalam jaringan sensor dengan kemampuan perg- 

erakan, nod sensor dapat digerakkan bagi membuat penyusunan semula . Dapatan 

kajian ini dapat digunakan oleh pemaju algoritma jaringan sensor wayarles, dan juga 

oleh individu yang merancang penyusunan semula noda dalam kawasan berkepentin- 

gan. Tesis ini memberikan fokus pada penjejakan senario objek bergerak, tetapi 

penyelidikan yang dikemukakan ini tidak terhad pada perkara ini.  

 

 

Oleh sebab itu, kajian ini mencadangkan suatu algoritma bagi meminimumkan penu- 

tupan lubang melalui mobiliti. Tujuannya adalah untuk meningkatkan liputan persek- 

itaran melalui mobiliti nod sensor yang lebih kecil supaya jarak mobiliti dihadkan 
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dengan nod lompatan I, dan liputan k tidak ditingkatkan. Bagi menjamin liputan 

lengkap tanpa liputan lubang, target dapat dikesan setepatnya bagi senario kedua. 

Penambahbaikan novel telah dikemukakan dalam melaksanakan penjejakan target ob- 

jek bergerak , sesebuah target bergerak dalam bentuk yang linear meliputi terain yang 

pelbagai, dalam tesis ini, kajian ini mencadangkan skema berdasarkan peramalan yang 

dipanggil Teknik Penjejakan Target berdasarkan Permukaan (FTTT) bagi mem- 

inimumkan pengurangan tenaga, melanjutkan masa hayat nod sensor ketika menjejaki 

objek bergerak dan menjejaki objek tersebut setepat-tepatnya. Strategi penjejakan 

objek bergerak ini akan mempengaruhi penjejakan objek bergerak setepat-tepatnya. 

Di samping itu, kajian ini juga memperkenalkan skema bagi mendapatkan semula 

penjejakan objek untuk mengenal pasti masalah kehilangan penjejakan objek. Skema 

tersebut dapat meminimumkan bilangan sensor yang aktif dengan efektif berbanding 

dengan pengesanan semula penjejakan objek dengan menggunakan skema penghan- 

taran mesej. Melalui analisis rom dapatan simulasi , skema berdasarkan ramalan bagi 

penjejakan objek bergerak dapat mengekalkan tenaga dengan efektif dan mencapai 

dengan sempurna matlamat penjejakan pemindahan objek bergerak serentak ,dan 

penjejakan objek bergerak dengan tepat.  
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

Wireless Sensor Networks (WSNs) are being widely used to track target that enter 

region of interest, for example in battlefields, monitoring wildlife or habitat, and 

monitoring the chemical industries during their operation. At that time if the sensor 

has mobile objects in the sensing area range and have accurately tracked the target, 

the sensor gathers the mobile objects behaviors and will send the collaborative rely 

data from the sensor to the base station. Based on the collected data and by using the 

prediction mechanism, the base station will process the data to predict the next location 

which the mobile object might move to Only sensor in the area where the object is will 

activate to minimize the energy consumption and maximize the target accuracy. 

Because of the nature of deployment area, the sensors cannot have permanent or fixed 

source of power. Hence, sensors are equipped with batteries to work on. This 

maximize the sensors to adopt many different functions, and also propose energy 

limitation. This situation (problem) can be prevented by assuming that each sensor can 

autonomously and individually change its status among the following three states: 

active, listen, and sleep This schedule achieves uniform power saving among all 

sensors.  

The mobile object mostly moves in the area of interest, and from one location to 

another location there a cooperation of nodes that detect the object, and the sensors 

send in the boundary coverage to alert the sensor that the object is on their way. By 

using the prediction mechanism, the nodes in that location will be in listen status, and 

their status will change after the object enters in their region to be in active status. In 

the condition that object might move off to a location that is predicted, the sensor will 

miss the target. In such condition it is interesting to have mobility capability among 

the sensors. In advances the field have mobile condition among  

and the sensors are made available to capture any missing target in the field. Even 

then, such mobile sensors appear to be costly. Mobile and static sensors in 

combination (heterogeneous) minimizes little deployment cost. However, in our 

situation we activate more then one hop to detect the missing mobile event and after 

detection the sensors that are not in target location will return to sleep state so as to 

minimize energy consumption. Because sensor mobility is expensive in terms of 

energy, it becomes important to decide which mobile sensor should be moved to track 

events, while the future requirement of the WSN should be kept in mind. © C
OPYRIG
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1.2 Components and Characteristics of Wireless Sensor Networks  

A quintessential wireless sensor network is shown in Figure 1.1 The three distinct 

elements that compose most sensor networks are: Sink Node (Base Station), Sensor 

Nodes and Targets (Events).  

The sensor nodes, most commonly called as sensors, are dispersed over a regular or  

irregular surveillance region. These sensor nodes track the target that is within their 

environmental region and send collected data to the sink node. The target could be a 

mobile object which move in within the environmental region in a familiar way or a 

random style. In this work, we focused on mobile objects (targets) to start at random 

location and continue in a linear motion path.  

 

Figure 1.1 : The three Elements that Make up of Most Sensor Networks 

 

 

The wireless sensor networks have a distinguished set of attributes that have a huge 

impression on their work and capabilities. The major areas dealt with are limited 

battery power, coverage hole, and tracking target accurately. As for power depletion 

in sensor nodes, unsophisticated way of employing the available sensor nodes can 

effectively minimize the effectiveness of sensor networks by minimizing the lifetime 

and can cause coverage hole in the surveillance region during the lifetime of the 

network. Furthermore, the target tracking accuracy produces erroneous result, and 

high missed target ratio during the network lifetime. Some of sensor nodes can be in 

sleep mode to preserve their energy. These nodes will then be in active mode at the 

time the target are in their region (environment) and thus play a role to increase the 

network lifetime, tracking target accuracy, and guarantee the best network coverage. 

The networks are also characterized by low bandwidths and the sensors lack high 

computation capabilities.  

1.3 Problem Statement 

The arising WSNs technology is anticipated to provide a wide range of applications, 

such as battlefield surveillance, environmental monitoring, smart spaces and so on. 

The Usage of WSN has become a powerful tool that connects the physical and digital 

world. Currently, WSNs are applied in numerous applications such as the monitoring 
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border and border control. Among countries, border protection is a sensitive issue and 

measures are being taken to improve security at the borders. In addition to physical 

fencing, smart methods using technology are being employed to increase the alertness 

of security officials at the borders. Border control using wireless sensor network is one 

way to do. However, in recent years, unmanned aerial vehicls and grouped sensors 

eqquped surveillance towers have been added as border control measurments. For 

instance, many linear prediction mechanism technique were proposed for border 

monitoring applications (Boaz et al. (2014),Adejo et al. (2013),Hammoudeh et al. 

(2015)). such protocols, suffer from problems ranging from false alarms to line of sight 

limitations. In addition, there is lack of a coordination unit to provide accuracy to the 

system. The scope and limitation of this research will be based on border monitoring 

related issues.  

Coverage problem is a basic issue in WSN, which mostly occur due to the random 

deployment of a sensor node in the environment. The problem caused WSN 

deployment to be unable to provide a balanced sensor distribution over the monitoring 

region, and therefore localization problem is also a major issue. In WSN, coverage 

holes are also created after initial random deployment of sensors or limited power 

source of sensors were consumed. Therefore, target tracking accuracy is a major issue 

in wireless sensor network. In many scenarios, there are multiple targets in the Region 

of Interest (ROI) that have to be tracked by at least sensors for improved accuracy in 

target localization by certifying the outcomes. One of the widely known is the use of 

n= 3 sensors in the method of trilateration, that is used for localizing target. The nodes 

that are in ROI that cannot sense a mobile object enclosed in their range should not be 

active. So, there is a contemplate (consider) different state of modes for sensors from 

SLEEP, LISTEN, and ACTIVE to minimize energy depletion.  

It is essential to maintain the network coverage and connectivity as a small 

unmonitored area can spoil the whole purpose of the network, if it goes undetected. 

Besides, density of the nodes throughout the network may not be uniform due to 

random deployment of the sensors. Though, some researchers have proposed coverage 

and connectivity maintenance algorithms, to the best of our knowledge, none of the 

work proposes how to recover the coverage holes with limited mobility of nodes and 

without increasing the highest coverage of a mobile node after mobility.  

The problems can be summerized as below;  

1. Coverage hole occur due to the random deployment of a sensor node.  

2. Failure of sensors due to natural events such as fire or physical damage such 

as crushing by animals, vehicles or even depletion of battery leads to the 

occurrence of coverage holes. the occurrence of these holes could disturb the 

effectiveness of network. In (Qin et al., 2015), the authors design a localized 

coverage force division algorithm to find the coverage quality in WSNs. 

However, their algorithm can neither detect the coverage holes nor find the 

shape and size of a hole.  
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3. A mobile sensor has much higher cost than in static sensor, with similar 

sensing capability, and deploying only mobile sensor can cause the sensor 

cost to be too high.  

4. Energy is a critical resource in WSNs and system lifetime needs to be 

prolonged through the use of energy conscious sensing strategies during 

system operation. the minimization of energy consumption for an active 

sensor network with target activities is more complicated since target 

detection involves collaborative sensing and communication involving 

different nodes.  

5. Target tracking mobile in WSNs has many important applications. As it is 

often the case in prior work that the tracking quality heavily depends on high 

accuracy in localization, which is never perfect in practice. These bring a 

cumulative effect on tracking, for example, target missing, Recovering from 

the effect and also frequent interactions between nodes and a central server 

result in a high energy consumption.  

 

 

Due to the uncertainty and unpredictability of object motion, the tracking algorithm is 

needed to adapt to real-time changes of velocities and directions of a moving target. 

Moreover, the energy consumption of the tracking algorithm has to be considered 

because of the inherent limitations of wireless sensor.  

1.4 Aims and Objectives 

The aim of this thesis is to design and develop target coverage and mobile object 

detection schemes. The desire coverage over the entire operational lifetime of the 

network, also to predict target moving directions and to wakeup suitable nodes, to 

reduce the risk target miss and prevent target loss due to possible prediction errors, 

and the last goal is to enhance energy consumption as it allows appropriate nodes to 

track the target and the rest of nodes to be in sleep mode to save energy. The following 

are objectives of the thesis:  

1. To recover coverage hole by using vector space method in order to maintain 

coverage area for WSN.  

2. To propose a mobile target tracking detection algorithm using Received 

Signal Strength Indication (RSSI) utilizing face structure construction in 

Region of Interest (ROI).  

3. To perform moving object prediction by using linear prediction method.  
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1.5 Contribution 

The main contribution in this thesis can be presented as follows:  

 It proposed a distributed method to improve and recover holes in the region 

of interest (ROI) by using vector space to decide the magnitude and direction 

of mobile node. We proposed a distributed method to improve and recover 

holes in the ROI by using vector space to decide the magnitude and direction 

of the mobile node.  

 Vector space algorithms are able to improve coverage holes regarding 

abnormal shapes while not enhancing the optimum coverage from the 

movable nodes. Throughout our method, evaluation regarding mobility needs 

minimal computation and for that reason is much more effective as compared 

with various other hole healing methods.  

 In addition, proposed Face-based Target Tracking Technique (FTTT) in 

order to incorporate obtaining and repair of target location thereafter achieve 

more functionality that is effective when it comes to communication cost.  

 Target discovery is dependent on an optimistic technique to be able to 

preserve energy. Therefore, FTTT can smartly figure out the optimum time 

towards next discovery of target. By doing this, sensor power is preserved. 

Additionally, we carried out comprehensive experiments to evaluate 

efficiency. In this study, FTTT executed much better than related object 

tracking method.  

 

 
1.6 Study Module 

Overall this thesis is to address the recovery coverage hole by using a vector space as 

being method to estimate the degree and path of mobile or portable nodes. Also to 

study as mobility of the nodes consumes more energy, the moving distance is limited 

with only one hop. Moreover, it is to maintain the desired coverage over the entire 

network operational lifetime. Additionally, mobility prediction for the next event 

movement in the monitoring area will be worked on.  

Furthermore, this thesis addresses an approach for target tracking in WSNs, most of 

the studies are focused on multiple-target tracking, as an extended work from single 

target tracking algorithms at different times. To attain efficiency in energy, they work 

in a few parameters. Meanwhile, there is a specified network structure that can save 

more energy and equalize the operation load for distributed nodes. There are many 

network structures, such as tree structure and cluster structure. In this thesis, face 

structure was used in view on the fact that reliance to the face design can minimize the 

transmission amount.For the energy depletion face structure, when a group of nodes 

detect coming mobile objects, those nodes face to the object and spread along the way 

that mobile object moves. As based on the face structure, only sensor nodes that 

receive the wakeup message and are in the moving object direction could be wakeup 

and constantly observe the target within the next period of time. Other nodes that get 
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the active message but are not in the location of the mobile object would go back into 

sleep mode to maximize energy efficiency and minimize energy depletion. So, the use 

of face design impacts parameters include: neighbouring location of the sensor with 

consideration to the target motion, tracking multiple targets by the sensor, and residual 

energy in the sensor. There is a wide simulation conducted to receive their impact on 

the energy efficiency of the singly WSN and in a collectively manner. So, their 

effectiveness is governed by the network structure and prediction mechanism used. 

The prediction mechanism used in this work is to track moving object efficiently. The 

prediction mechanism is capable of identifying the correct set of nodes that track 

targets, based on its local conditions in a distributed environment, which make 

centralized situation unneeded.  

Figure 1.2 : Study Module 
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1.7 Thesis Organization 

This thesis is organized as follows. Chapter 1 describes the overview of WSN, 

objectives, the problem statement and the research contribution. Chapter 2 presents a 

review of related literature. This includes methods followed by other researchers to 

solve coverage problem in the area of interest, target tracking problems in wireless 

sensor networks, their success as well as shortcomings. In Chapter 3, the methodology 

of the proposed algorithms is presented. Chapter 4 discusses results obtained from the 

simulation by using NS2 and Matlab software together with comparison of various 

results obtained from the different scenarios and performance metrics. In Chapter 5, 

the thesis is concluded and the direction for future work is recommended.  

  

© C
OPYRIG

HT U
PM



 

109 

6 REFERENCES 

Abdelkader, M., Hamdi, M., and Boudriga, N. (2009). Multi-target tracking using 

wireless sensor networks based on higher-order voronoi diagrams. Journal of 

Networks, 4(7):589–597.  

 

Abo-Zahhad, M., Ahmed, S. M., Sabor, N., and Sasaki, S. (2015). Rearrangement of 

mobile wireless sensor nodes for coverage maximization based on immune node 

deployment algorithm. Computers & Electrical Engineering, 43:76–89.  

 

Abo-Zahhad, M., Sabor, N., Sasaki, S., and Ahmed, S. M. (2016). A centralized 

immune-voronoi deployment algorithm for coverage maximization and energy 

conservation in mobile wireless sensor networks. Information Fusion, 30:36–51.  

 

Adejo, A. O., Onumanyi, A. J., Anyanya, J. M., and Oyewobi, S. O. (2013). Oil and 

gas process monitoring through wireless sensor networks: A survey. Ozean 

journal of applied sciences, 6(2):1077–1079.  

 

Ahmadi, E. and Sabaei, M. (2011). A new adaptive target tracking protocol in wireless 

sensor networks. International Journal of Computer Applications, 28(10).  

 

Ahmed, N., Kanhere, S. S., and Jha, S. (2011). A pragmatic approach to area coverage 

in hybrid wireless sensor networks. Wireless Communications and Mobile 

Computing, 11(1):23–45.  

 

Akyildiz, I. F. and Stuntebeck, E. P. (2006). Wireless underground sensor networks: 

Research challenges. Ad Hoc Networks, 4(6):669–686.  

 

Alaybeyoglu, A., Kantarci, A., and Erciyes, K. (2014). A dynamic lookahead tree 

based tracking algorithm for wireless sensor networks using particle filtering 

technique. Computers & Electrical Engineering, 40(2):374–383.  

 

Alnuaimi, M., Shuaib, K., Alnuaimi, K., and Abed-Hafez, M. (2015). Data gathering 

in wireless sensor networks with ferry nodes. In Networking, Sensing and 

Control (ICNSC), 2015 IEEE 12th International Conference on, pages 221–225. 

IEEE.  

 

Ammari, H. M. (2013). Joint k-coverage and data gathering in sparsely deployed 

sensor networks–impact of purposeful mobility and heterogeneity. ACM 

Transactions on Sensor Networks (TOSN), 10(1):8.  

 

Ballari, D., Wachowicz, M., Bregt, A. K., and Manso-Callejo, M. (2012). A mobility 

constraint model to infer sensor behaviour in forest fire risk monitoring. 

Computers, Environment and Urban Systems, 36(1):81–95.  

 

Basu, D., Moretti, G., Gupta, G. S., and Marsland, S. (2013). Wireless sensor network 

based smart home: Sensor selection, deployment and monitoring. In Sensors 

Applications Symposium (SAS), 2013 IEEE, pages 49–54. IEEE.  

© C
OPYRIG

HT U
PM



 

110 

Bhuiyan, M., Wang, G.-j., Zhang, L., and Peng, Y. (2010). Prediction-based energy-

efficient target tracking protocol in wireless sensor networks. Journal of Central 

South University of Technology, 17(2):340–348.  

 

Bhuiyan, M. Z. A., Wang, G., Cao, J., and Wu, J. (2013). Energy and bandwidth- 

efficient wireless sensor networks for monitoring high-frequency events. In 2013 

IEEE International Conference on Sensing, Communications and Networking 

(SECON), pages 194–202. IEEE.  

 

Bhuiyan, M. Z. A., Wang, G., and Wu, J. (2009a). Polygon-based tracking framework 

in surveillance wireless sensor networks. In Parallel and Distributed Systems 

(ICPADS), 2009 15th International Conference on, pages 174–181. IEEE.  

 

Bhuiyan, M. Z. A., Wang, G., and Wu, J. (2009b). Target tracking with monitor and 

backup sensors in wireless sensor networks. In Computer Communications and 

Networks, 2009. ICCCN 2009. Proceedings of 18th Internatonal Conference on, 

pages 1–6. IEEE.  

 

Boaz, L., Kaijage, S., and Sinde, R. (2014). Wireless sensor node for gas pipeline leak 

detection and location. International Journal of Computer Applications, 100(18).  

 

Chang, C.-Y., Chu, W.-C., Lin, C.-Y., and Cheng, C.-F. (2010). Energy-balanced 

hole-movement mechanism for temporal full-coverage in mobile wsns. In 

Proceedings of the 6th International Wireless Communications and Mobile 

Computing Con- ference, pages 89–93. ACM.  

 

Chang, D.-C. and Fang, M.-W. (2014). Bearing-only maneuvering mobile tracking 

with nonlinear filtering algorithms in wireless sensor networks. IEEE Systems 

Journal, 8(1):160–170.  

 

Chen, W.-P., Hou, J. C., and Sha, L. (2004). Dynamic clustering for acoustic target 

tracking in wireless sensor networks. IEEE transactions on mobile computing, 

3(3):258–271.  

 

Deldar, F. and Yaghmaee, M. H. (2011). Designing a prediction-based clustering 

algorithm for target tracking in wireless sensor networks. In Computer Networks 

and Distributed Systems (CNDS), 2011 International Symposium on, pages 

199– 203. IEEE.  

 

Deng, X.-H., Xu, C.-G., Zhao, F.-Y., and Liu, Y. (2010). Repair policies of coverage 

holes based dynamic node activation in wireless sensor networks. In Embedded 

and Ubiquitous Computing (EUC), 2010 IEEE/IFIP 8th International 

Conference on, pages 368–371. IEEE.  

 

El-Kader, S. M. A. and El-Basioni, B. M. M. (2013). Precision farming solution in 

egypt using the wireless sensor network technology. Egyptian Informatics 

Journal, 14(3):221–233.  

 

© C
OPYRIG

HT U
PM



 

111 

Fernandes, M. A., Matos, S. G., Peres, E., Cunha, C. R., L ópez, J. A., Ferreira, P., 

Reis, M., and Morais, R. (2013). A framework for wireless sensor networks 

management for precision viticulture and agriculture based on ieee 1451 

standard. Computers and electronics in agriculture, 95:19–30.  

 

Gu, X., Yu, J., Yu, D., Wang, G., and Lv, Y. (2014). Ecdc: An energy and coverage- 

aware distributed clustering protocol for wireless sensor networks. Computers 

& Electrical Engineering, 40(2):384–398.  

 

Guo, Z. and Zhu, L. (2013). Patching method for coverage holes with distance -

assistant in wireless sensor networks. In International Conference on Computer, 

Networks and Communication Engineering, volume 100, page 2013.  

 

Gupta, R. and Das, S. R. (2003). Tracking moving targets in a smart sensor network. 

In Vehicular Technology Conference, 2003. VTC 2003-Fall. 2003 IEEE 58th, 

volume 5, pages 3035–3039. IEEE.  

 

Hammoudeh, M., Newman, R., Dennett, C., Mount, S., and Aldabbas, O. (2015). Map 

as a service: A framework for visualising and maximising information return 

from multi-modalwireless sensor networks. Sensors, 15(9):22970–23003.  

 

He, S., Gong, X., Zhang, J., Chen, J., and Sun, Y. (2014). Curve-based deployment 

for barrier coverage in wireless sensor networks. IEEE Transactions on Wireless 

Communications, 13(2):724–735.  

 

Higham, N. J. (1998). Handbook of writing for the mathematical sciences, volume 63. 

Siam.  

 

Hsu, J. M., Chen, C. C., and Li, C. C. (2011). Short-term prediction-based optimistic 

object tracking strategy in wireless sensor networks. In Innovative Mobile and 

Internet Services in Ubiquitous Computing (IMIS), 2011 Fifth International 

Conference on, pages 78–85. IEEE.  

 

Hsu, J.-M., Chen, C.-C., and Li, C.-C. (2012). Poot: An efficient object tracking 

strategy based on short-term optimistic predictions for face-structured sensor 

networks. Computers & Mathematics with Applications, 63(2):391–406.  

 

Hu, X., Hu, Y. H., and Xu, B. (2014). Energy-balanced scheduling for target tracking 

in wireless sensor networks. ACM Transactions on Sensor Networks (TOSN), 

11(1):21.  

 

Huang, Q., Bhattacharya, S., Lu, C., and Roman, G.-C. (2005). Far: Face-aware 

routing for mobicast in large-scale sensor networks. ACM Transactions on 

Sensor Networks (TOSN), 1(2):240–271.  

 

Indu, S., Bhattacharyya, A., Kesham, V., and Chaudhury, S. (2010). Self deployment 

of mobile sensor network for optimal coverage. International Journal of 

Engineering Science and Technology, 2(7):2968–2975.  

 

© C
OPYRIG

HT U
PM



 

112 

Indu, S., Kesam, V., Chaudhury, S., and Bhattacharyya, A. (2011). Self organizing 

sensor network to enhance event coverage. International Journal on Smart 

Sensing & Intelligent Systems, 4(1).  

 

Ji, X., Zhang, Y.-Y., Hussain, S., Jin, D.-X., Lee, E.-M., and Park, M.-S. (2009). Fotp: 

Face-based object tracking protocol in wireless sensor network. In Computer 

Sciences and Convergence Information Technology, 2009. ICCIT’09. Fourth 

International Conference on, pages 128–133. IEEE.  

 

Jia, S., Bailing, W., Xiyuan, P., Jianfeng, L., and Cheng, Z. (2013). A recovery 

algorithm based on minimum distance redundant nodes in fault management in 

wsns. International Journal of Control and Automation (IJCA), 6:175–183.  

 

Jiang, B., Ravindran, B., and Cho, H. (2008). Energy efficient sleep scheduling in 

sensor networks for multiple target tracking. In International Conference on 

Distributed Computing in Sensor Systems, pages 498–509. Springer.  

 

Jiang, B., Ravindran, B., and Cho, H. (2013). Probability-based prediction and sleep 

scheduling for energy-efficient target tracking in sensor networks. IEEE 

Transactions on Mobile Computing, 12(4):735–747.  

 

Karp, B. and Kung, H.-T. (2000). Gpsr: Greedy perimeter stateless routing for wireless 

networks. In Proceedings of the 6th annual international conference on Mobile 

computing and networking, pages 243–254. ACM.  

 

Kasbekar, G. S., Bejerano, Y., and Sarkar, S. (2011). Lifetime and coverage 

guarantees through distributed coordinate-free sensor activation. IEEE/ACM 

transactions on networking, 19(2):470–483.  

 

Koizumi, K., Hirata, K., Oda, K., Fujita, Y., and Kamide, S. (2013). Slope disaster 

monitoring system using battery-operated wireless sensor network. In Landslide 

Science and Practice, pages 109–116. Springer.  

 

Kung, H.-T. and Vlah, D. (2003). Efficient location tracking using sensor networks. 

In Wireless Communications and Networking, 2003. WCNC 2003. 2003 IEEE, 

volume 3, pages 1954–1961. IEEE.  

 

Kung, H.-Y., Hua, J.-S., and Chen, C.-T. (2006). Drought forecast model and 

framework using wireless sensor networks. Journal of Information Science and 

Engineer- ing, 22(4):751–769.  

 

Lambrou, T. P. and Panayiotou, C. G. (2009). Collaborative area monitoring using 

wireless sensor networks with stationary and mobile nodes. EURASIP Journal 

on Advances in Signal Processing, 2009:7.  

 

Lee, K. (2007). An automated sensor deployment algorithm based on swarm 

intelligence for ubiquitous environment. International Journal of Computer 

Science and Network Security (IJCSNS), 7(12):76.  

 

© C
OPYRIG

HT U
PM



 

113 

Li, F., Xiong, S., and Wang, L. (2011). Recovering coverage holes by using mobile 

sensors in wireless sensor networks. In Computational Intelligence and Security 

(CIS), 2011 Seventh International Conference on, pages 746–749. IEEE.  

 

Li, L., Zhang, B., and Zheng, J. (2013). A study on one-dimensional k-coverage 

problem in wireless sensor networks. Wireless Communications and Mobile 

Computing, 13(1):1–11.  

 

Lin, C.-Y., Peng, W.-C., and Tseng, Y.-C. (2006). Efficient in-network moving object 

tracking in wireless sensor networks. IEEE Transactions on Mobile Computing, 

5(8):1044–1056.  

 

Ma, H.-C., Sahoo, P. K., and Chen, Y.-W. (2011). Computational geometry based 

distributed coverage hole detection protocol for the wireless sensor networks. 

Journal of network and computer applications, 34(5):1743–1756.  

 

Mahboubi, H., Habibi, J., Aghdam, A. G., and Sayrafian-Pour, K. (2013). Distributed 

deployment strategies for improved coverage in a network of mobile sensors 

with prioritized sensing field. IEEE Transactions on Industrial informatics, 

9(1):451– 461.  

 

Mahboubi, H., Moezzi, K., Aghdam, A. G., Sayrafian-Pour, K., and Marbukh, V. 

(2014). Distributed deployment algorithms for improved coverage in a network 

of wireless mobile sensors. IEEE Transactions on Industrial Informatics, 

10(1):163– 174.  

 

Mahgoub, I. and Ilyas, M. (2006). Sensor network protocols. CRC press.  

 

Malhotra, B. S. and Aravind, A. A. (2004). Energy efficient on-site tracking of mobile 

target in wireless sensor networks. In Intelligent Sensors, Sensor Networks and 

Information Processing Conference, 2004. Proceedings of the 2004, pages 43–

48. IEEE.  

 

Mansouri, M., Snoussi, H., and Richard, C. (2009). A nonlinear estimation for target 

tracking in wireless sensor networks using quantized variational filtering. In 

Signals, Circuits and Systems (SCS), 2009 3rd International Conference on, 

pages 1–4. IEEE.  

 

Masazade, E., Fardad, M., and Varshney, P. K. (2012). Sparsity-promoting extended 

kalman filtering for target tracking in wireless sensor networks. IEEE Signal 

Processing Letters, 19(12):845–848.  

 

Miller, K. and Sankaranarayanan, S. (2013). Applications of policy based agents in 

wireless body sensor mesh networks for patient health monitoring. Digital 

Advances in Medicine, E-Health, and Communication Technologies, page 85.  

 

Mirsadeghi, M. and Mahani, A. (2014). Low power prediction mechanism for wsn- 

based object tracking. Procedia Technology, 17:692–698.  

 

© C
OPYRIG

HT U
PM



 

114 

Nan, G., Lian, H., and Li, M. (2013). Distributed-coverage decision scheme for system 

deployment in mobile sensor networks. International Journal of Distributed 

Sensor Networks, 2013.  

 

Ozdemir, O., Niu, R., and Varshney, P. K. (2009). Tracking in wireless sensor 

networks using particle filtering: Physical layer considerations. IEEE 

Transactions on Signal Processing, 57(5):1987–1999.  

 

Patil, S., Gupta, A., and Zaveri, M. (2014). Recovery of lost target using target 

tracking in event driven clustered wireless sensor network. Journal of Computer 

Networks and Communications, 2014.  

 

Qin, N., Zheng, X., and Tian, G. (2015). A trajectory-based coverage assessment 

approach for universal sensor networks. Sensors, 15(8):19649–19666.  

 

Read, J., Achutegui, K., and M ́ıguez, J. (2014). A distributed particle filter for 

nonlinear tracking in wireless sensor networks. Signal Processing, 98:121–134.  

 

Rossi, R. J. (2011). Theorems, corollaries, lemmas, and methods of proof, volume 82. 

John Wiley & Sons.  

 

Senouci, M. R., Mellouk, A., Asnoune, K., and Bouhidel, F. Y. (2015). Movement- 

assisted sensor deployment algorithms: a survey and taxonomy. IEEE 

Communi- cations Surveys & Tutorials, 17(4):2493–2510.  

 

Soni, V., Modi, P., and Chaudhri, V. (2013). Detecting sinkhole attack in wireless 

sensor network. International Journal of Application or Innovation in 

Engineering & Management, 2(2):29–32.  

 

Stojmenovic, I. (2005). Handbook of sensor networks: algorithms and architectures, 

volume 49. John Wiley & Sons.  

 

Suganya, S. (2008). A cluster-based approach for collaborative target tracking in 

wireless sensor networks. In 2008 First International Conference on Emerging 

Trends in Engineering and Technology, pages 276–281. IEEE.  

 

Tan, H., Hao, X., Wang, Y., Lau, F. C., and Lv, Y. (2013). An approximate approach 

for area coverage in wireless sensor networks. Procedia Computer Science, 

19:240– 247.  

 

Tsai, H.-W., Chu, C.-P., and Chen, T.-S. (2007). Mobile object tracking in wireless 

sensor networks. Computer communications, 30(8):1811–1825.  

 

Tseng, V. S. and Lu, E. H.-C. (2009). Energy-efficient real-time object tracking in 

multi-level sensor networks by mining and predicting movement patterns. 

Journal of Systems and Software, 82(4):697–706.  

 

© C
OPYRIG

HT U
PM



 

115 

Viani, F., Robol, F., Polo, A., Rocca, P., Oliveri, G., and Massa, A. (2013). Wireless 

architectures for heterogeneous sensing in smart home applications: Concepts 

and real implementation. Proceedings of the IEEE, 101(11):2381–2396.  

 

Wang, B. (2011). Coverage problems in sensor networks: A survey. ACM Computing 

Surveys (CSUR), 43(4):32.  

 

Wang, B., Lim, H. B., and Ma, D. (2009). A survey of movement strategies for 

improving network coverage in wireless sensor networks. Computer 

Communications, 32(13):1427–1436.  

 

Wang, G., Bhuiyan, M., Alam, Z., and Zhang, L. (2010a). Two-level cooperative and 

energy-efficient tracking algorithm in wireless sensor networks. Concurrency 

and Computation: Practice and Experience, 22(4):518–537.  

 

Wang, G., Bhuiyan, M. Z. A., Cao, J., and Wu, J. (2014). Detecting movements of a 

target using face tracking in wireless sensor networks. IEEE Transactions on 

Parallel and Distributed Systems, 25(4):939–949.  

 

Wang, G., Cao, G., Berman, P., and La Porta, T. F. (2007a). Bidding protocols for 

deploying mobile sensors. IEEE Transactions on Mobile Computing, 6(5):563–

576.  

 

Wang, W.-T. and Ssu, K.-F. (2013). Obstacle detection and estimation in wireless 

sensor networks. Computer Networks, 57(4):858–868.  

 

Wang, X., Fu, M., and Zhang, H. (2012a). Target tracking in wireless sensor networks 

based on the combination of kf and mle using distance measurements. IEEE 

Transactions on Mobile Computing, 11(4):567–576.  

 

Wang, X., Ma, J., Wang, S., and Bi, D. (2010b). Distributed energy optimization for 

target tracking in wireless sensor networks. IEEE Transactions on Mobile 

Computing, 9(1):73–86.  

 

Wang, X., Ma, J.-J., Wang, S., and Bi, D.-W. (2007b). Prediction-based dynamic 

energy management in wireless sensor networks. Sensors, 7(3):251–266.  

 

Wang, Y.-C., Wu, F.-J., and Tseng, Y.-C. (2012b). Mobility management algorithms 

and applications for mobile sensor networks. Wireless Communications and 

Mobile Computing, 12(1):7–21.  

 

Wang, Y.-H., Wang, H.-H., Wu, Y.-H., and Wang, W.-J. (2012c). A dynamic tracking 

mechanism for mobile targets in cluster-based wsns. In Automatic Control and 

Artificial Intelligence (ACAI 2012), International Conference on, pages 50–53. 

IET.  

 

Xiao, J., Weirong, L., He, Y., and Qin, G. (2014). Energy-efficient sensor scheduling 

scheme for target tracking in wireless sensor networks. In The 26th Chinese 

Control and Decision Conference (2014 CCDC), pages 1869–1874. IEEE.  

© C
OPYRIG

HT U
PM



 

116 

Xing, G., Wang, J., Yuan, Z., Tan, R., Sun, L., Huang, Q., Jia, X., and So, H. C. (2010). 

Mobile scheduling for spatiotemporal detection in wireless sensor networks. 

IEEE Transactions on Parallel and Distributed Systems, 21(12):1851–1866.  

 

Xu, E., Ding, Z., and Dasgupta, S. (2013). Target tracking and mobile sensor 

navigation in wireless sensor networks. IEEE Transactions on mobile 

computing, 12(1):177–186.  

 

Xu, Y., Winter, J., and Lee, W.-C. (2004). Prediction-based strategies for energy 

saving in object tracking sensor networks. In Mobile Data Management, 2004. 

Proceedings. 2004 IEEE International Conference on, pages 346–357. IEEE.  

 

Yan, F., Martins, P., and Decreusefond, L. (2011). Connectivity-based distributed 

coverage hole detection in wireless sensor networks. In Global 

Telecommunications Conference (GLOBECOM 2011), 2011 IEEE, pages 1–6. 

IEEE.  

 

Yang, H. and Sikdar, B. (2003). A protocol for tracking mobile targets using sensor 

networks. In Sensor Network Protocols and Applications, 2003. Proceedings of 

the First IEEE. 2003 IEEE International Workshop on, pages 71–81. IEEE.  

 

Yang, Q., He, S., Li, J., Chen, J., and Sun, Y. (2015). Energy-efficient probabilistic 

area coverage in wireless sensor networks. IEEE Transactions on Vehicular 

Technology, 64(1):367–377.  

 

Yu, J., Deng, X., Yu, D., Wang, G., and Gu, X. (2013). Cwsc: Connected k-coverage 

working sets construction algorithm in wireless sensor networks. AEU-

International Journal of Electronics and Communications, 67(11):937–946.  

 

Zarifneshat, M. and Khadivi, P. (2013). Using mobile node speed changes for 

movement direction change prediction in a realistic category of mobility models. 

Journal of Network and Computer Applications, 36(3):1078–1090.  

 

Zhang, M., Du, X., and Nygard, K. (2005). Improving coverage performance in sensor 

networks by using mobile sensors. In MILCOM, volume 5, page 3335.  

 

Zhang, W. and Cao, G. (2004). Dctc: dynamic convoy tree-based collaboration for 

target tracking in sensor networks. IEEE Transactions on wireless 

communications, 3(5):1689–1701.  

 

Zhao, L., Bai, G., Jiang, Y., Shen, H., and Tang, Z. (2014). Optimal deployment and 

scheduling with directional sensors for energy-efficient barrier coverage. 

International Journal of Distributed Sensor Networks, 2014.  

 

Zhou, F., Zhang, Y., Qin, Z., Li, S., Jiang, W., and Wu, Y. (2012). Tracking and 

managing multiple moving objects using kernel particle filters in wireless sensor 

network. International Journal of Advancements in Computing Technology, 

4(6).  

 

© C
OPYRIG

HT U
PM



 

117 

Zhou, X. and Xiao, B. (2012). A clustering-based k-coverage algorithm for mobile 

wireless sensor networks. Journal of Networks, 7(4):621–627.  

 

Zhou, Z., Das, S., and Gupta, H. (2004). Connected k-coverage problem in sensor 

networks. In Computer Communications and Networks, 2004. ICCCN 2004. 

Proceedings. 13th International Conference on, pages 373–378. IEEE.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page



