CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION Y-

There has been growing interest in wireless sensor network (WS ct?e last decade.
This is because WSN has been very useful in the monitoring ofmhysical world. It
is built on self-organizing networks of battery- poweredv\e{ess sensors that is
capable of sensing, processing and communicating (Jj }lan & Tan, 2009).
The deployment of a WSN is very cheap and can be e rapidly. ]'is &%Ies large-
scale, on-demand monitoring and tracking. Thevca f! le tracking has

been used extensively over a wide range @ca ohs ota@\vehlcle tracking,

danger alarm, battle field surveilla e hab nt@ng(IF Akyildiz, Su,

Sankarasubramaniam, & Cayirci, 20@d§yﬂ20

There are limitations t¢t ngev, i r nodes in WSN. This is as a
F 4 -’

result of the limited capabi Mof@ I on board processors and wireless

N S
communication. Anothec a @g-He inability or impracticality to replace

batteries when en@'ﬁ V} or® depleted in most applications. Most

applications den ontinuous op n and monitoring, such as in surveillance or

habitat mom% In such cases, the WSN available in domestic or public edifices

are expe@commue to function without interruption or outage, that is, most of

these systems requires an operational lifetime of several years.

As such, some have proposed high density deployment of sensors for

sustainability of '@ WSN. It is recommended that there should be up to 20
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nodes/m3(Shih et al., 2001)for the network lifetime to be sustained. Other factors that
tremendously affect the longevity of a WSN and depletion of energy include operation
of sensor nodes simultaneously, redundant data sensing, collision in corresponding
wireless communication and interference (Lin, Yen, & Lin, 2009). Given this
scenario, there are concerns that require consideration. For example,é\)iv maintain
the coverage of the sensing area with minimal number of activ;‘*es, removal of
blind-points and significant connectivity? Similarly, in large s% SN, such as with
hundreds and thousands of nodes, coverage of sensing a anes an issue of great

concern due to interference and other factors as menti abo e\d
]

\y
| S
From the foregoing, it can be acknowledged that t covepage gf sel@-ing area is of
V
great importance and one of the underlying isages w:i‘re seu@’:}etworks. Itisa

(? &
measure of the efficiency and capability ON ensor nehworkOl is often considered

as the benchmark for QoS in a WS g“e%'a 1,499ushanfar, Potkonjak, &

']

&
Srivastava, 2001). Existing approac]hlo 1 thes%noblems are based on node

scheduling. The underlying i%:fbcu‘;‘d};' ’gmining the optimal number of
active nodes and at the & img! engdring MTicient coverage and connectivity.

O
Previous work such as@pcri%wll)éjmonjak (2001), attempts to deduce the
% N
maximum number % Is iﬁ«a.zpso %Etwork. A cover, literally refers to a set of

N
nodes needed @ly provide c&rage for a monitored area. This is often

implement ‘1% centralized arrangement. Slijepcevic and Potkonjak (2001) deduced

the NP-comMeness of this problem showing that the numbers of nodes that must be
deployed in order to completely cover the whole Monitored area is required to be

higher than if a deterministic procedure were used. It is also noteworthy that networks
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with stochastically placed nodes, activating only the necessary number of sensor

nodes at any particular moment can save energy.

Using a heuristic strategy that selects mutually exclusive sets of sensor nodes, the
authors demonstrate from their experimental results that by using onleubset of
sensor nodes at an instance, it is possible to achieve considerable e&&}onservatlon
yet maintaining coverage where the members of each of sets together

completely cover the monitored area. There is a very close rwn between network

coverage and network energy consumption. Funherm% o‘vn from the Sensor
r@-& Estrin,

Medium Access Control (S-MAC)scheme proposeg by

(2002), implements an approach that randomly desidwgted sgn to g?-mto the sleep
V

S frq%!x;lelr neighboring

mode and waking up periodically to retrieve tlw e
Q distributed probing-
A,

nodes in order to conserve energy conmml Si

based density control scheme (PEAS% ug Tens ggrage proposed in (F. Ye,
&

Zhong, Cheng, Lu, & Zhang, 2003 hcts[aaﬂjode&) be made active to maintain

! l %
coverage while others are put % ep gavd.Jg @erve energy. The scheme has a
O

mechanism for regulating & big® ragpe o\@des to achieve a different coverage
1 O
redundancy can be ac C)Wré'de of this algorithm is that while it

N
guarantees that the @; bftva;an air of working nodes is at least the probing

range, it how nnot assure \omplele preservation of the original sensing

coverage sﬁae nodes are turned off.

The use of linear programming techniques has been explored by several

authors to determine the minimal set of active nodes to maintain coverage set. A
particular relevance is the work of (Chakrabarty, Iyengar, Qi, & Cho, 2002;

Meguerdichian & Potkonjak, 2003)where application of linear programming
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techniques has been explored to determine the right number of nodes to be active and
those to be in sleep nodes. There have been tremendous work in the area of that has
proposed sleep nodes schemes to conserve energy yet, the existing work has not

completely resolve the set of requirements in wireless sensor networks.

Other proposed algorithms have focused on finding a C]OSG-I@I&] solution
based on local information. In maintaining energy in WSN, the algor¥hm is designed
to set the energy of node to sleep or active and has mechﬁgt'o know the best

arrangement of which nodes to turn its radio on. Wor E af (Chen, Jamieson,

t¢hegprocess of
¥

owever, they

Balakrishnan, & Morris, 2001), algorithm is designgd tSwrarddo
|
y.

turning off nodes based on the necessity for neig r copnéct it

V
si g@;ntly lessen the
&
@)

A

\?\&

An algorithm, called Geogra% (fapti HF@W (GAF) was proposed
\ o
ocgtibn

in(Rey et al., 2001), which uses gevuphitil i@rmation system to divide the
area into fixed square grids. hbp

focus on how to conserve energy consumpth@(t d?\

connectivity of the network. \j

S
ac{ rl\{@l keeping only one node active to
.e

ovecéf'ﬂ'xemes keep nodes inactive from a

)

ing coverage. This is unrealistic in that

forward packets in a giv. 1d.

’
communication persp@r isrdgalyli
o s

the primary role of&a® node is’sensing$in wireless sensor networks though unusual

S
events could @at any time at any place in the sensor networks. Consequently,

certain argas IMghe deploying area are rendered redundant and become blind points as
a result of turning off nodes which are not directly participating in data forwarding at
a particular time(F. Ye et al., 2003). It is often necessary that the sensor network
remain connected to facilitate that the effective relaying of information collected by

sensor nodes back to data sinks or controllers. The work of (Zhang & Hou, 2005)
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demonstrates an important result that shows that given a communication range Rc is at
least twice the sensing range Rs, that makes it possible to have a complete coverage of
a convex area which in turns guarantees connectivity of the working nodes.
Consequent on these results, the work proposed Optimal Geographical Density
Control (OGDC) that promises a distributed and localized scheme. % nderlying
assumption in this scheme is that given that a high sensor density ﬁka sensor can be

found at any desirable point. This claim may not be realistic i p tice. Furthermore,

(X. Wang et al., 2003) proposed the Coverage Conﬁg;!amrotocol (CCP), that

attempts to address three key concerns about exi or coverage

maintenance. Firstly, CCP that is capable of dlffere@ls offc rlgk% demanded

based on requests. Given this flexibility, the et sesses a self-

configuration capability suitable for a @ge @ions and dynamic

_.!

environments. Secondly, the work provi a geo & @sis of the relationship
C—,
between coverage and connectivity %ld B geometric analysis some
\

key insights which are in sharp nt tto s,ve £ g approaches that address the
F 4 F &

two problems in 1sola110 ea‘ ver and connectivity in a unified
‘o

framework were observe rk Qré.vxdes an integration of CCP and SPAN

in order to guarante co‘y d nnectmty and further demonstrates the

capability of the' hemes using @hetrlc analysis and simulations to provide

guaranteed q@ and connectivity configurations. The approach in Wang et al,

(2003) is @to dynamically configure the network to provide different coverage
degrees requested by applications since sensing coverage requirement varies in
different applications. In some applications, monitoring every location in a region
with a single node may be sufficient, while in some other more demanding

applications higher degrees of coverage.
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Moreover, there is a link between coverage requirement and the number of

faults that must be tolerated. With a higher degree of coverage it is possible to
sustains satisfactory coverage in case there are higher rates of node failures. Changes
in environmental conditions or the changing needs of different applications may also
demand change in coverage requirement after a network has been d . In order
to determine theintersection points, each node keeps record‘kits neighbour

information in a table and periodically broadcasts a hello %& that contains its

current location and status. ?

The scheme may not guarantee network congecti\ty fvhe e<\Q-Rs). They
% | S
or

proposed an algorithm that sought to extend the n k 'f ti b@vmg energy
while meeting the coverage requirement usingag nghel ea mg rithm effered to

as Energy-efficient Coverage Control Algo (Q h1Q:heme is inspired by

A
the Multi-Objective Genetic Algorlt ( s r p & d by (Srinivas & Deb,
&
1994). The approach proposed ip t sc arce@o minimize the number of
working nodes while maintaini covegrag sclgzgentmg the sensor field in a two-

Sa il

dimensional grid and the d& n;@ grrd@vrde a measure of the sensor field.
St
In ECCA, there is tl@_ 1br;t.))0 il\émhe granularity of the grid, that is, the

’
distance between %’pomts, n 0 I to manage computation time with the
effectiveness coverage measure The ECCA is similar to the Virtual Force
Algorilh ability to handle the arrangement of the cluster head of the sensor

nodes. Thls is possible because the cluster head is equipped with a greater processing

capability, thereby saving the processing power at each of the nodes.



1.2 Problem Statement and Its Significance

One of the major challenges in wireless sensor network (WSN) is parameters control.
Such parameters may include energy-consumption, Bandwidth (BW) and, signal
strength. Controlling these vital set of parameters shows how well t%}vetworl\ is
designed and organized, which means the quality of the network@e are many
algorithms for controlling and optimizing wireless sensor networﬁwever, most of
them consider one parameter or two concrete parameterw ost, or a certain

hardware scheme along with one parameter. Leading to

enhancement in the overall performance of the WSN, In m n, .arisome cases
\
where two WSNs are intentionally overlapped w1$erefn S f@lfferent uses.
Thus, controlling the operation and qual ormance is still
questionable. Therefore, Langendoen & s 2004 aldOhere is a need for a
network design and algorithm to cop W rah@n and quality parameters
33'
through a concrete scheme. %\

3 l .
1.3 Research Objectives jvl &

l %

N

The main objective of@tul ??’e]o&’and design a complete algorithm for
O

controlling WSN e vjo ,@ndwidth and signal strength using single

f 4
fitness function éement This obbctlve can be elaborated as follows:

lﬁgtlgate all possible scenarios that can best optimize the distribution of

energy-consumption, BW and signal strength using single fitness function

management.

2-To develop an algorithm that controls energy-consumption, BW, and signal

strength using single fitness function.



8
3-To build the wireless sensor network simulator and test it in real time based

on the developed algorithm.
1.4 Scopes (Limitations) Of Study

This research focuses on nodes classification, detection and applying t{ tegration of
static, dynamic analysis and automated analysis for energy consumﬁa and coverage

area. The main issue in wireless sensors network for coverag?'!a problem is the

Y

topology of nodes. T
This study makes use a simulator that was built@a e above issues

» ¥
mentioned. The simulator was developed using ¢ K'langya

Y' ’
N

ax‘d-{f)ls mentioned
T

in the chapter on Methodology.

\ N
(S\Y'
@)

1.5 Expected Results and Contribution
S,
After the research has been done, th %te esu s‘brggﬁ' follows:
N S

1- Obtain the optimi zrgy y‘ﬁl n distribution, Bandwidth, and

V7K

signal strength @in k fimess f@non.

¥y
2- An algorilhn@ cfntr fh& -consumption, bandwidth, and signal
N

strength usi le fift uncﬂ%.
Ok

ol

The ss sensor network simulator and test it in real time based on the

9L
develope@; m.

1.6 Research Methodology

o}

In this study, a controlling algorithm for energy-consumption and user bandwidth in

WSNs using single fitness function will be developed. The fitness function is an
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increment function that measures the quality or performance of a solution, in this case
a specific sensor network design. This function is maximized by the Genetic
Algorithm (GA) system in the process of evolutionary optimization. A fitness function
must include and correctly represent all or at least the most importang factors that
affect the performance of the system. In the design of Wireless @r Network

(WSN), there are some factors that concern communication issues olf¥he network, as

well as others that concern the characteristics of the specific a@;on of the sensor

network, that is, the environmental measurements i hz prlecision agriculture
th

se s guclude the
Ns
connectivity of the sensors, the operational cost of syste’m effen @on the types
V

application examined here. In the network characterist]

;‘1, endipd on the distances

between sensors that communicate with l‘\arrespo
&

goal of a WSN used in precision agri@stﬂ
entire area of interest, so that a um ' 0 conditions of the area is
A
\ J' S
b 4 s

N NUey

The algorithm will be d\céb‘)ed n oth(} oretical and practical manoeuvres.
’

Practically, that will %erij ﬁlw and radio bandwidth to control the
S s€n 4\

coverage area pro wire’l sg}s network. However, theoretically, the study
A NS

o @%ter head. The main

A,
(Lf)&! measurements over the

el

realized.

J

[=

will make use Me ECCA algorithm that activates a minimum number of sensor

nodes in @ deployed environment, but the algorithm itself will be enhanced to

suit our research. The developed WSN as well as the controlling algorithm will then
be tested based on at USIM campus and the results will be validated. Finally, the
developed protocol will be benchmarked with other protocols for assuring the

performance the system.
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Figure 1: Flow of WSN Research
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1.7 Thesis Organisation
The remaining part of this thesis is organised as follows:

Chapter two reviewed the available literature in the domain of wireless sensor

networks (WSN) especially with respect to coverage optimisatiorb)s;ines and

evaluates the progress that has been made in order to highlig]ﬁk strengths and

weakness of approaches or techniques that have been used %osed for energy

management, energy loss problem, and Medium Acce m 1 (MAC) protocols
\rf

design in WSNSs.

Q)

Chapter three discusses the theoretical ba nd, ath)R'materxals and
1, et il e g
methods as well as the simulations utlllsed le me<< unction algorithm

developed to control energy-consumpt on, w (BW), and signal
$
strength to overcome Coverage Area msﬁ] s% power management.
Chapter four presents a discussygn o reweya 1on of performance of the new
E , F 4 ’
model for controlling WSN aram(] en consumption, bandwidth, signal
strength and coverage, 1 n Ic;"i n proposed. The thesis is wrapped
up in chapter five wj earagbbf;")i @‘e sults and contributions, as well as some
. 5
recommendation rther work \t—}’

N
N
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