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ABSTRACT

The Wireless Sensor Network (WSN) comprises a large number of sensors that are
densely deployed in the area of interest to observe a particular phenomenon. There are various
applications such as habitat monitoring, military surveillance, weather monitoring etc. where
Wireless Sensor Network can be used. In critical environment, where human intervention is not
possible, battery of sensor node cannot be replaced in case of power drainage. This adversely
affects the requirement of good quality monitoring of the field as well as extended lifetime of
Wireless Sensor Network. Therefore, coverage and connectivity which is also a Quality of
Service (QOS) is a challenging research area in Wireless sensor Network and extensively

focused in this dissertation.

We have investigated the coverage and connectivity issue in randomly deployed Wireless
Sensor Network with effect of shadowing. One of the important QoS parameter in the design of
WSNs is that network should be fault tolerant to make the system more reliable. So, we have
proposed a k-coverage and g-connectivity model that is evaluated under log normal shadowing

model to represent the path loss characteristics of natural environment.

Further, we have studied random shadowing effects which are incorporated into path loss
and describe received signal strength with distance in real environments. We have also
investigated the effect of node density on coverage as well as connectivity. It is observed that
probability of network coverage and connectivity depends on the node density standard
deviation. By simulation we have also proved that a higher value of standard deviation results in
decrease in coverage probability. Also we have observed the effect of communication range on

connectivity which shows that when communication range increases connectivity also improves.



TABLE OF CONTENTS

O = I | O N I USSR i

DECLARATION . .ttt e e s et a e e e e e e s s et e e e e e e e s s e annnnnee e iii

ACKNOWLEDGEMENTS ...t a e e e e e s aeeeeas \Y]

A B S T R A T L.t e e e e e e e e e e et e e e e e e a i ——raaaaaaaaa \

(OO ] AN =1 I 1 OSSP Vi

LIST OF FIGURES ...ttt e e e e e e e e s anaeeeeas viil

LIST OF TABLES ..ot e e e e e e e s eeeeas IX
CHAPTERS

l. Introduction to Wireless SENnSOr NETWOIKS ........ccccoviuveeiiireeiiie e siie e 1

1.1 Wireless Sensor Network: OVEIVIEW ..........cccvureiriureiiiresiieessieeesieeesieee s 1

1.2 Sensor NOde ArChItECTUIE.........ceciie et 2

1.2.1  CONIOMIEI.....cciiieeieece et 2

1.2.2 IMBIMOTY .ottt 3

1.2.3 TranSCeIVET UNIE .....eeiiieiiiieiie e 3

1.2.4  SeNSING UNIE ....ooiiiiieeiiie et 3

1.2.5 POWEr SUPPIY...oiieiiee et 3

1.3 ApPlication OF WSN .....coiiiiiiic e 3

1.3.1  Military AppliCatioN........cccvveiiiie e 3

1.3.2  Environmental MONItOring ..........coovveiviee i 4

1.3.3  Health MONItOring.......c.ccoiiiieiiiee e 4

1.3.4  Habitat MONITOIING........ceeiiiieiiiee e 4

1.3.5 Home ApPlICatioN......cc.eeeiiiiieiie e 4

1.4 1SSUES OF SENSOT NEIWOTIK .....cvviiiiiiiie e 5

1.4.1 Ad hoC Deployment .......ccoiuvieiiiee e 5

1.4.2 Energy EffiCIENCY ...oooiviiiiii e 5

1.4.3  SCalabIlity ......c.oveiiieeeeee e 5

1.4.4 Fault tOIEraNCE ....ccveeiiieiiiieciie e 5

1.4.5 Coverage and CONNECLIVILY .........covvveiiiee i 6

1.4.6 Data Aggregation........cccceccveeiiiee i 6

i A I 11 00} OSSR PP PPRTPR 6

1.5 Problem Definition ..........cooiiiiiiii e 7

1.6 Thesis Organization............cocvveiiieeiciee e 7

Vi



1. Coverage and Connectivity IN WSN ... 8

2.1 CoVErage IN WS ..ottt e e nnneeeenes 8

2.1.1  AIEa COVEIAGE ..veeivvieiiiieiiiieesitie e st ettt 9

2.1.2  Target COVEIAGE ......vveiveieiiiieeiiee ettt 9

2.1.3  Barrier COVEIAGE .....cccveiiieiiiieitieaiie st e sttt 9

2.2 DESIGN ISSUE ...ttt ettt 9

2.2.1 Node DeploYMENT ........ooouiiiiiiiiiiiiesit et 9

2.2.2  Sleep SCheduling .......cccooiiiiiiiiie e 10

2.2.3 Adjustable Coverage RadiUS ........cccovvviiieiiiiiiiiiiie e 11

2.3 NEtWOTrK CONNEBCTIVILY ...c.vvieviiiiieiie et 11

I1l.  Coverage and Connectivity under Channel Randomness ...........c.cccccvevnee. 12
3.1 L1 o 0 od A T o OSSR 12

3.2 SYStEM MOAEL........eiiiiii 12

3.2.1  Sensing MOdel ......ccuviiiiii 13

3.2.2 Log-Normal Shadowing Path Loss Model ...........c.ccccooiiiiennnene. 15

3.3 K-SeNSING COVEIAGE ....oovveiiiieiiiieiie ettt ettt 16

3.3.1 k-Sensing Coverage without Shadowing Impact ..............ccc.e...e. 17

3.3.2 Sensing Coverage with Impact of Shadowing ..........ccccccccvevnnnnn 18

3.4 OrCONNECTIVITY ...eeieieiie ettt e e e e e et eeennae e 20

3.4.1 Geometric Random Graph Model ..........cccccooviiiiiiiie e, 20

3.4.2 g-connectivity in presence of Shadowing .........cccceevveviiineiinnnnn, 22

IV.  Results and Performance ANalysis .........ccccoviiiiieiiiieiiie e 23
4.1  Effect of Standard Deviation and Node Density on Sensing Coverage ...23

4.2  Effect of Node Density on CONNECLIVILY ........ccoveeiiveiiiiie e 31

4.3  Effect of Communication Range on Connectivity ..........ccccccceeeviveeiinnnnnn 36

V. Conclusion and FULUIE SCOPE .....eeoiiieeiiie e 38
5.1 CONCIUSION oottt 38

5.2 FULUIE SCOPE ittt e e 39
REFERENCES ... .ottt sttt et et e ane e nreeenes 40

Vii



Figure 1.1
Figure 1.2
Figure 2.1
Figure 3.1
Figure 3.2
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11

LIST OF FIGURES

Scenario of Wireless SENSor NEtWOTKS .........cccvveiiieiiiieiiie e 1
Hardware Architecture of @ SEnSOr NOGE ........ccceveviiieiiiiiiiee e 2
Coverage in Wireless Sensor NEIWOIKS ........c.cveiviiiiiiiieniienie e 8
TranSIMISSION FANGE ....ceuvviiitieiiee ettt ettt ettt et e e s e nree s 14
Impact of Shadowing Environment on Sensing  ........cccocveveiiieniieniie e, 20
Coverage probability vs sensor node( o-=2,A=1000M?)..........ccocvvrirereerrerrernes 24
Coverage probability vs sensor node( o-=4,A=1000M?)..........cocvvrirrrrrrrrrsnes 25
Coverage probability vs sensor node( o-=2,A=2000M?)..........cccvrirrrerrerrernes 26
Coverage probability vs sensor node( o =4,A=2000M) .........ccccorrrerrersresrennenens. 27
Coverage probability vs sensor node( o-=2,A=3000M?)..........ccccvrerrrrreerrrrnes 28
Coverage probability vs sensor node( o-=4,A=3000M)..........ccccorivrerrerreerresnes 29
Probability of k-connectivity vs sensor node(A=1000M?) .........cocvvvreerrvrrnenen. 31
Probability of k-connectivity vs sensor node(A=2000M?)..........ocovvrerereernnnn. 32
Probability of k-connectivity vs sensor node(A=3000M?).........cocovvrererernennnn. 33
Probability of k-connectivity vs sensor node(A=4000M?).........c.coccveerereeerennnn. 34
Probability of connectivity vs communication range (A=4000mM?)...........c.......... 36

viii



Table 3.1
Table 4.1
Table 4.2
Table 4.3

LIST OF TABLES

Parameter DefiNItiON .........cooviiiiiiie s 13
Simulation Parameter for COVEIAgE ........ccviiuiiiiieiieiiie e 23
Simulation Parameter for CONNECTIVILY ........ccoovivieiiiiiieiiiece e 27
Simulation Parameter for Communication range ..........cccccvevvveneeniiienneeneesieenns 30



