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CHAPTER 111

METHODOLOGY

3.1 Introduction \q

This chapter discusses the novel mathematical formulation and ﬁe%:)ds that have

been employed in the development of the single fitness funct@;sis for energy-

consumption and radio bandwidth management to co ag area problems. The

chapter discusses the theoretical formulation of the mW®gl, s'mw approach as
g

N
well as implementation procedure used. The simul@ss deyel d’uﬁ&?zing C# on
’ \’Y'
Microsoft Visual Studio.NET 2010 platform. Y' X S.
&

>N
<l

3.2 Single Fitness Function \

O e

The use genetic algorithms as the opg tio t eveloped system and an

A\

appropriate fitness function is d \ed to | rp@e many aspects of network
R

performance. The design charact sti% it

e(d},by the genetic algorithm system

include the status of se\néwod s\l@ther{@/ are active or inactive), network
f] ’

1
clustering with the ¢ &)f apr € @erheads and finally the choice between
N3
two signal ran%’ e 51@25(3% nodes. The showed that optimal sensor
&

network desigfwgonstructed by Ihe}enetic algorithm system satisfy all application-

speciﬁc§ nents, fulfill the existent connectivity constraints and incorporate
v

energy-co ation characteristics. Energy management is optimized to guarantee
maximum life span of the network without lack of the network characteristics that are

required by the specific application.
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Furthermore, single fitness function weighting the meaning a functions that can
solve problem. In the case under investigation the fitness function is a weighting
function that measures the quality and the performance of a specific sensor network
design. This function is maximized by the GA system in the process @tionary
optimization. A fitness function must include and correctly represe&@ at least the

most important parameters that affect the performance of the design. Having

Nmponance of each

e nftwork design. The

described these parameters, the next issue is the decision

parameter on the final quality and performance measure

final form of the weighting linear fitness function f ofa sp&ciffc W dbsf\gn is given
é\ O

by to following equation.

N
rad
f=1/a, .MRD+a2.SDE+a3.SCE+ad.S%\¢15. O-CEQ“ . .BCP) 1)

Where: éo GA\T §

MRD = Mean relative deviation \
SDE = Spatial density error O)Y‘ L} 'S
SCE = Sensors-per-CH errO\ | \" “(30

SORE = Sensors out of ré\ Q

i
OE = Operational ener&) l ‘?: (:'7
CE = Communicajg kergyu): $

Y-

BCP = battery\ ity penalty \C}’

The signi ce of each parameter is defined by setting appropriate weighting
coefficients «,= 1,2,...,7 in the fitness function that will be maximized by the GA.
The values of these coefficients are determined based on experience about the
importaﬁce of each parameter. First, weighting coefficients that resulted, in average

the same importance of each parameter are determined first column of this table and
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after some rudimental experimentation, the final values that best represented the
intuition about relevant importance of each parameter are set as the second column of
Tablel. As can be seen in Tablel, the final weights are such that network connectivity

parameters weights (a;,,)are treated as constraints, in the sense th Sensors

should be in range with a cluster head and no cluster head shoul %onnected to
more than the predefined maximum number of sensors. The{Y'&no need for an

increase of the SDE weight value. V
Tablel: Weighting coefficients of GA fi funct ol'x:

g
Weighting Coefficients Equal Importance Vage®s in'al-\(za]ues
2

a 10 v’ o
o 10“\?. T o
a ‘Z&) S 10
3 A 5
a Gy n>\,7 ‘_}‘\ 10
a \%0 ) jrE 10
Qs O)Y~ *U | § 10
d &
S
That specific constrain\@sim@ialé@ty of measurement points. Note that
' !
the coefficients are @ne@‘@%alization with respect to the value of a;

’ ;
which is set eq 0. It shald® be\’ Xzé;d that the BCP parameter is not taken into
S
account in t timization of the htial design of the WSN, as it is assumed that all

sensor@ d full battery capacities at the beginning. The final value of «, is the
result of a trade-off between energy management optimization and network
characteristics optimization, particularly of the characteristics concerning the

application-specific properties of the WSN, as it is further explained in Section.
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There is proposing an algorithm to dynamically design WSN topologies by optimizing
energy-related parameters that affect the battery consumption of the sensors and thus,

the life span of the network.

At the same time, the proposed algorithm tries to meet some embedd ectivity
constraints and optimize some physical parameters of the WSN i&anted by the

nature of the specific application. The multiple objectives of the Wization problem

are blended into a single objective function, the parameters ch are combined to
formulate a fitness function that gives a quality measu edh WSN jopology and it
is optimized by the proposed algorithm, as it is showrfag following eiti‘;@)g'
’ =
b 4

g i
There identify three sets of parameters whi dom the@ésign and the

performance of a WSN for precision a@. rst5,1 is the application

specific parameters which include tv@sarame % gﬂng the deployment of
N
sensors for the specific case ¢ red fere. e@are the highest possible

c
uniformity of sensing points me dgsir
tiv'?

The second set is the connxl s .

D , : :
density of measuring points.

v%@'éh include an upper bound on the

number of sensors that% lu sel can communicate with, and the fact

s i e .
that all sensors mugg™ave at lgastyo eégﬁs&erhead within their signal range. Finally,
s’
the third set ref:&the en g)’fr‘:cg}’éd parameters which include the operational
energy cons jon depending on the types of active sensors, the communication

energ,x@ ption depending on the distances between sensors that communicate

with their corresponding clusterhead, and finally the battery energy consumption.

The optimization problem is defined by the minimization of the energy-related
parameters see Table 2 and the maximization of sensing points’ uniformity, subject to

the connectivity constraints and the spatial density requirement (see Table for the
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exact correspondences). In order to combine all objectives into a single objective
function (weighted sum approach), the optimization parameters are formed in such a
way that all of them are minimized. Thus, objective j4 is expressed by its dual
objective; say j’4, which has to be minimized. Further, the penallz n of the
constraints  allows their transformation into objectives jS, J6, and @pectlve
which have to be minimized. Thus, a single objective functlon%at blends all

(obviously conflicting) objectives is of the form \,

Yw

fZ

7
/ = min le,_]lwtwd‘]‘1

i#4

(2)
T
| &
¥
ul@g‘n. of a numeric

&
ely Qﬁtness function’” in

This form of objective function is SUitEJ:

evaluation function by Michalewicz. Z, D

CQ - A
the terminology of GAs), which glves lity mea re&_ ach possible solution of
9
&
the optimization problem. The an ul n are presented in Section.
What follows describes th them ca gel T entatlon of the optimization

parameters in their ‘‘mini t1 iy 1{)rm <‘$

e (_)O
..4)?;/
\(,}I

Cy
&
S
S
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Table 2: Correspondences between objectives and optimization parameters

Objectives Optimization Parameters Paramete Isin GA
thog®logy

Ji
Ja
J3
J 4
Ji

The application-specific parameters: T

Operational energy i
Communication energy Y. CE
Battery capacity penalty V BCP
Uniformity of measurement T
Mean relative deviation of measurement l\yRD
points

Sensors-per-CH error SE;%Y-
Sensors out of range g%\E
. . ’
Spatial density error Y' by W, §S E
& D3
N O
ain ?f ,‘QVSN used in precision
» S

q7

agriculture is to take uniform meas@s%t} %nu'ﬁ'area of interest, so that an

overall and uniform picture oEth 0 dit#)ns? lt@rea is realized. This has been

achieved using the followinw rl

A-

P 4
&
NS
First, the mea@}af unifi kyé'f‘ measurements. The metric of the
O
uniformity @gur e “p in.&hat was used here was the Mean Relative
Yw

Deviati@RD). The ent{ﬁ"area of interest was divided into several

ovfrﬁ%g sub-areas. Sub-areas are defined by four factors: two that define

t ze (length and width) and two that define their overlapping ratio (ratios

in the two directions). All these factors are expressed in terms of the unit

length of each direction. The larger the overlapping ratio is, the higher
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precision is achieved in the evaluation of uniformity, but also, the slower the

algorithm becomes.

In order to define MRD, the notion of spatial density (p) of measurements is used.

More specifically, p,, , the spatial density of measurements in sub-aret\;s defined

as the number of measurements over the area of the ith sub-area, i=;,5...,N, where N

is the number of overlapping sub-areas into which the entire aw; S, is divided. In

addition, p, , the spatial density of the entire area of in sz is iieﬁned as the total
, | &

atla} nspty o@xeasurements

V

in each sub-area from the total spatial density %zsuw‘ in Q& ntire area
o

" lpu-p, A
MRD:Z’z‘Al;‘OpA ‘p!é(') nA\Y § 3)

Where; q I 0
MRD = Mean relative deviat'O\n ) 4 v’ ’(30

N= number of overlappiné

number of measurements of the network over the totil arcey of interes? -ThQs, MRD is

defined as the relative measure of the deviation of

p, =The spatial den51E=f
p. = The spatial Sw oftf:e

N

Low valuagO D mean high uniformity of measurement points. Acceptable values

for my app¥®ation example are of MRD below 0.15.

B- The second application-specific parameter of the fitness function was the
Spatial Density Error (SDE) that was used to penalize network designs that did

not meet the minimum required spatial density of measurement points that
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would suffice adequate monitoring of the measured variables (air or soil
temperature, air or soil relative humidity, solar radiation) in the area of

interest. The desired spatial density pd is set equal to 0.2 measurement points

pd s
[ Fp e X~
SDE - { ) pd otherwise (\ (4)

per square length unit and the SDE factor is evaluated by

Where;
D | F1S
SDE= Spatial density error 2 \’v
pd = The desired spatial density pd is set eiw:;.h‘?\ren&oims per square

length unit and the SDE factor is evaluate\

p. = The spatial density of the entire ar%ﬁntﬁ?
.0
<

In connectivity parameters a cruci i WN¥ igé}he assurance that network

connectivity exists and all ne ss?%on ar??ré}tisﬁed. Here, these necessary
r n

characteristics of the senso&et | e ’@6 account by the inclusion of the

following parameters in 'e%hnes
a- A Sensors-:&ﬂlu?l

clusterh@&ﬁd not have mo@han a maximum predefined number of sensors

N

in r operating modes in its cluster. This number is defined by the
@l communication capabilities of the sensors as well as their data
management capabilities in terms of quantity of data that can be processed by
a clusterhead sensor. It was assumed to be equal to 15 for the application

considered here. If nfull is the number of clusterheads or clusters that has more
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than 15 active sensors in their clusters and », is the number of sensors in the

ith of those clusters, then

inf ull
Zl:] nl . nju”
———] -
b nfu[[ otherwise

Y. )
Where; 3(‘)
SCE= Sensors-per-CH error Y.

nfull = the number of clusterheads (or clusters) that have morew 15 active sensors

in their clusters z '
NY.

n, = The number of sensors in the ith of those clusters | (,}
A
’ \’Y'

b- A Sensors -Out- of-Range Error (SO‘%’IE‘CT ens&lat each sensor
&

can communicate with its clusterh% hi&f IS, @pends on the signal

: SN P)S .

range capability of the sensor. sugned thilt Sgﬁsensors cover a circular

&
area with radius equal to lii%th ress\WhilgtBSR-sensors cover a circular
gth

IS

area with radius equal its f.n&' 1s the number of active sensors
o O e

that cannot comm& w tl‘l thr cl@head and n is the total number of

X
active sensors ir@t %ﬁl (_)LI
Q I
N
RE=". i ©

b

SCE={

W here;QE
SORE= Sengors-Out-of-Range Error
nout= The number of active sensors that cannot communicate with their clusterhead

n= the total number of active sensors in the network
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Energy-related parameters: Energy consumption in a wireless sensor network, as
explained earlier, is a crucial factor that affects the performance, reliability and life
span of the network. In the optimization process during the evolutionary design of the

sensor network, three different energy-related parameters are taken into acvw:

N\

a- The operational Energy (OE) consumption parameter, wh hfers to the
energy that a sensor consumes during some specific ti f operation. It
basically depends on the operation mode of the sevyhat is, whether it
operates as a CH, a HSR or a LSR sensor, he@ inactive. The
corresponding relevance factors for the energy sum{tion tjtﬁ%&?ee active
operating modes of the sensors are taken % 20%‘. respectively
and zero for inactive. The meaning IS%NR n co ﬁptlon of a sensor

\

operating in CH mode is 10 time 10re th nsor operating in HSR

(]

mode and 20 times more tha ﬂ%ﬁrﬂo;@amg in LSR mode. These

mp'fy : an&sm and did not necessarily

relevant factors are used
represent accurately the ra ug‘z aﬁé& between the available operation

ac@lues depend on electromechanical

modes of the s o T

characleristlcs@ sel
&k
presemed = E Consu

d : : .
nd\(ma not further considered in the analysis

he O rnﬁ' Jon parameter was then given by
§E 20, noh 2n_hs nls )
n

where:

OE= Operational energy
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where, nch, nhs and nls are the number of CH, HSR and LSR sensors in the network,

respectively.

b- Communication Energy (CE), which refers to the energy consumption due to

communication between sensors in regular operating modes aaNgterheads.
r

It mainly depends on the distances between these ors and their

corresponding clusterhead, as defined by in. Ghiasi S, A. ngastava, X. Yang,

M. Sarrafzadeh (2002). It is depicted by Y*

CE=)Dud, ‘é J | &
:

CE=Communication energy

Where;

V
¢~ The balaQ ife, an importa‘;? issue in WSNs is self-preservation of the

ne tself, that is, the maximization of the life span of the sensors. Each
sen consumes energy from some battery source in order to perform its vital
operations, like sensing, communication, data aggregation if the sensor is a
clusterhead. Battery capacity of each sensor of the network was taken into
account in the design optimization process by the introduction of a Battery

Capacity Penalty (BCP) parameter. Since the operation mode of each sensor is
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known, its Battery Capacity (BC) can be evaluated at each time. Thus, when
the design optimization algorithm is applied at a speciﬂc time ¢ (measuring

cycle), the BCP parameter is given by

Where;

BCH :'ﬁdf’}*’}[ﬁ—]} =12, _{')\Y~ )
<

BCP= Battery capacity penalty T

BC= Battery Penalty \d
| ]
PF= Penalty Factor | _{'38-
| . . . ’ X
Note that BC, is updated according to the operatlowme R o@lSR) of each
sensor 7, during the previous measuring cycl@e n OQ

/ -1 -1 \ .k
B(;[’]: BC! ,]‘BRR[-1]~ % OATQC‘;\\ (10)
where; é

BC= Battery Capacities Yv e
'S
BRR= Battery Reduction Rate \.‘ P 5 &
In the above: '&\ Q
N &
1. BCP"'is the Batterg§a cit)\/pPyl ofle WSN at measuring cycle 7. It is used
1

¢

to penalize the us wnsors th{o%V)'attery capacities, giving at the same time
N <

larger penalty N to operating modes that consume more energy (especially CH

mode). 0

2. Ngrid is the total number of available sensor nodes.

3. PFY) 1 is the Penalty Factor assigned to sensor i. The values it takes are given

according to the operation mode of sensor i. The values used here are proportional to
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the relevant battery consumptions of the sensor modes, namely, 20:2:1 for active
sensor modes (CH, HSR and LSR, respectively) and 0 for inactive. They provide
different penalties according to the specific modes of the sensors in the WSN of the
following measuring cycle. However, as it is explained in the next sevkav, further

exploration of the optimal relevance values needs to be performed. !(}

4. BC"" and BC!"" are the Battery Capacities of sensor i at me{suring cycles t and

t-1, respectively, taking values between 0 andl, with 1 gorrégpdnding to full battery

capacity and 0 to no capacity at all. \d
%
I e
5. BRR"™ is the Battery Reduction Rate that_deBands gn¥thg/ opegation mode of
N

Y&
cunﬁ battery capacity

or. tQ energy consumption

sensor i during the measuring cycle -1

accordingly. using the percentage of the Eel%nc

of the operating modes of the senso lo#s:

LSR operation modes and 0 for in%se),s ’e\
l

’$ '

Having completed the develw;t (i eseggﬁon scheme and forming the single
fitness function, the dy, ’% ene 0 }@n% for optimal adaptive design of the
i : q ? X ’g & p p g

WSN could be deve@ yfﬁl n.giééorithm for energy-consumption and user
Q 1' 4
bandwidth in WS&Sl g single ﬁtn‘e{gxnction.

Conclus@ algorithm for the optimal design and dynamic adaptation of

application®fecific WSNs, based on the evolutionary optimization properties of
genetic algorithms as presented. A fixed wireless network of sensors of different
operating modes is considered on a grid deployment and the GA system decided
which sensors should be active, which ones should operate as clusterheads and

whether each of the remaining active normal nodes should have high or low-signal
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range of saving. During optimization, parameters of network connectivity, energy
conservation as well as application requirements are taken into account so that an

integrated optimal WSN was designed.

From the evolution of network characteristics during the optimizatlo s which
o;

can conclude that it is preferable to operate a relatively high nu sensors and

achieve lower energy consumption for communication pur%g than having less
active sensors with consequently larger energy consump for communication
purposes. In addition, GA-generated designs compare ur bwndom designs

of sensors. Uniformity of sensing points of optlm signy is aﬁs@ory, while

connectivity constraints are met and opera a ‘. hx;mon energy

consumption is minimized. That also sho amj ~§pphcat10n of the

algorithm in adaptive WSN design ca lead o of the network’s life

span, while keeping the application- pr ertj swof<° network close to optimal

values. The algorithm showed s \ te, ch ter,@bs in the decision of sensors’
(

activity/ inactivity schedule as% io'r(l?f operating modes (clusterhead or

“‘regular sensor’’ with el\ hlg -sugﬁrange), which led to considerable

energy conservation g g@abllb t E{?rces

<,

For future work x%deal with tl‘@e'velopment of heuristic methodologies for

optimal roum\dynamlcally selected clusterhead sensors, through some multi-hop

commu@ protocol will be death with

3.3 Simulation of the Wireless Sensor Network

In order to achieve the aim of this research, a simulation application of the wireless

sensor network was developed. A number of parameters determine the outcome of the
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simulation depending on the deployed strategy adopted in the simulation. These
parameters include relative network size or number of nodes, distance between
communication nodes, energy requirement to transmit or receive packets. Depending

on the parameters configuration, the network is then utilised to model p ance of

the setup to determine the vectors travelling across the sensor ns@ field. The

approach here is focused on the coverage area & energy optimisa% he intention is

to examine what happens when the vector trips the sensor of a ork node. Usually,
the node generates a data packet and then forwards it to stleam network node.
The packets are then routed randomly based on the Wenfipuralt .ofvlhe sensor
network until they reach a sensor within the “up11 c nod@!as an energ,y
store that is spent as packets are received or fggwa edoﬁ %&Etectmg vectors.

Of course, since the energy at the nodes a&a, it is a tte@time for them to run

down and become dead in the sensors : k é’qsdmg to network failure.

&
40
This simulation setup is a or secutive tests on a network.
l
From these runs, the value o; ae \ﬁj time across 1,000 trials can be
acquired. Changing the w r g eters to setup different network

|
configurations allow ¢ tlo s { p and proper benchmark to determine
'D"o'

optimal values : Y’
&
S
3.4 Slmulatlo
The smn n reported in this work can be divided into two stages: deploying the

network and running simulations.

The first step in deploying the network is to set the parameters of the network

utilising the configuration siiders. These parameters must be set on the onset when the
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network is created. New modification to the network configuration and routing
parameters cannot take place unless a new network is deployed. The parameters of a

network configuration can be classified into two categories:

3.4.1 Network Configuration \Y'

This group of parameters concerns determine the physical c&&guration of the

network, namely, hardware properties of the network. Thes@e the following

variables:
- Network Size: The total figure: 10,15,20 {VIOMSKVUmber of

siz a high value
¥

implies having several hundred nodes& \Wi@mch a value, there

will be a huge density of network ectxons d n@/ork becomes heavy.

nodes to be deployed in the network. Settm e ne

This eventually will have h )n]pﬁ th, \slmulanon performance.

However, sometimes if there e,ﬁa‘gp@lcularly large networks, then
the best approach is to% the Mls Radius.
@)

,g}l S

- Sensor Raa’zu\ S Idluﬁ the proximity distance between the
, Ve,
Sensors in th S@)rle lﬁ@ the ten (10) sensor radius starts from 24
to 119. T}:“Ves ad M, 6$3, 75,76, 76,81, 105, and 119.

(—,

- Se @sl This is a measure of the energy required cost in detecting a

and generating a packet. The value of then ten (10) of sensor cost begin
From 20 to 72. The values are 20, 43, 45, 47, 62, 63, 64, 65, 69, and 72.

- Transmission Radius: The transmission radius refers to the maximum

distance possible for two network nodes to see each other for communication.
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Setting this very high means that the nodes very far apart may be able to
communicate, even up to those on opposite sides of the map. Likewise, setting
it to a low value implies that those nodes closer together are the ones that

would be able to communicate. The value of then ten (10) transmission radius

- Transmitter Period: This is the time required to send a pachk high value
indicates that packet transmission will take several s% s. This thereby

makes the data delivery to take longer time before Wat the radar due to

the elapsed time since the triggering event. HoweveMngett \d,a }%gh period

gives the user sufficient room to monitor the et- e}( ajfge Q‘L\ocess on the

network map. . The values of then ten ( &‘)OJ erqu.tart from 10 to

67. The values are 10, 42, 43, 45, 52. 52, ,5 6 @

_\
A
0 S

- Transmit Cost: This is the ener St expen ea &endmg a packet. A very

’51/

high value leads to a rapid %l ion of a od nergy during transmission,
which invariably leads to mg|o er(j@‘&ng only a few packets. Setting
this value very low 0 }9& lies that the nodes may be able to
send several hund paék 0 ver it should be noted that transmit cost
is scaled base n he distance b?':;een the nodes. Therefore, energy is often

S

rapidly d &g since more distant nodes can only be reached by a more
powerful broadcast. The value of then ten (10) transmits cost start from 2 to

67:75. The value aré:2 42 35:10 889 7084789 259.7:-50.15/462.88 « and

67.75;

- Receive Cost: This is the energy cost in receiving a packet. Once, it takes the

value of the transmit cost once the transmit cost is set. There is no need to
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particularly scale it. The values of then ten (10) receive cost start from 15 to

81. The values are 15, 46, 55, 60, 63, 64, 70, 70, 73 and 81.

Table 3 Experiment 1.

Number Network size Tran er delay
1 (,,
2 s 45
3 43
4 Y’ 54
5 52
6 \, 52
7 ' 53
8 64
9 \d. (§.
10 |

_Serie_s_}

e SETICS 2

Figure12: Experiment 1

Conclusion, if the number of network size start from 15 to 45, then it will almost be a

linear increment in the transmitter delay.
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Table 4 Experiment 2.

number Network size Trﬁ@ion cost

1 10 2

) 15 59.15
3 20 Y' 2

4 25 47.32
5 30 48.4

6 35 35.49
7 40 \@.79
8 45 52%'
9 50 lsaS

—_
S

e SET1€5 1

e SET1CS 2

Figurel3: Experiment 2

Conclusion, if the number of network size start from 30 to 45, then it will almost be a

linear increment in the sensor cost.



73

Table 5 Experiment3.

Number Network size T cost
10 20

1
2 15 64
3 20 69
4 25 N 45
5 30 Y' 43
6 35 | 62
7 40 65
8 45 o
9 50 I | 7

—
()

80
| 70
60
50 e

40 ’ Y Pt —SETi€S1

s SETIES 2
30

10

e

o

N
o

o Figurel4: Experiment 3

Conclusion, if the number of network size start from 35 to 55, then it will almost be a

linear increment in the transmission cost.
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There are seven (7) parameters in the experiment. The network size parameters will be
the main comparison standard in the conclusion. The comparison will be done using
network size as the main parameter and it will be compared with the other six (6)

parameters. For each comparison the best trend of comparison will be seleﬁieg

3.4.2 Routing Parameters :%

These include some other configuration setting required. The fac s included in this

category indicate software properties of the network ne devﬁ the packet-routing
%

method. It is often either set to “Random” or “Directe to “Random,”
means that each node selects a downstream conne rango foi-}dch packet
while a “Directed,” routing utilises a SPeCiﬁC?ﬁnh\ he%!ygkets routing

specifically based on the algorithm (ChanK 9 ﬁ directed routing
id

parameters include Exchange Cost, R ?1 %Energy, and Routing

N
Period. % “ Q‘?
~ .}j Ko

N
Once the outlined ne rkzara ter et@uﬁed, the simulation of the
Y
network can be deployed n&tivatir De Network™ command. On clicking
0
the “Deploy Network” CNm]tq\t'i;ﬁ &}, nodes of the network are randomly
1

distributed and cont - anﬁ re
e

the network are mltlated from @X-eﬁ side of the map to right, and nodes in the

“uplink zm@ther the striped zone on the right side of the map are presumed to

be in dbﬂtact with the data collector. In a situation where an alternative random

on the main map. The communications of

distribution of nodes is desired, the “Deploy Network™ can be activated again by

clicking its command button.
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Subsequently, after the network has been deployed, then clicking the “Start
Simulation™ button activates the simulation process. The distribution of the vectors
moving through the field and triggering sensors is displayed on the map. In the
scenario created, the sensors energy is expended and over time, some of the sensors in
the network may run out of power, thereby dropping out of the netwc)Yv-emua]ly,

the energy at each node may run down and whole network is powe wn

Using the “Simulation Status™ window, the progress of the nM[: can be observed

and monitored and a new simulation configuration m gini‘iated by ending a

previous setup and restarting the new simulation setfing"WAltgrna y,\tﬁe previous
%1 i O
a ulagoh” jutt
G

simulation may be reviewed by clicking the “Repl

X
3.4.3 Display \c\’ “ ‘:é\
The network configuration can be visual@jon thE\a)ﬂi \

#R, often as a series of red
o )
circles delimited by gray circles. T c

! A :
ircks\de 1ctsA sensor or node, while the
4 N

gray circles signify the area su% ing the nodley f@ng the sensor detection range.

=9

The vector is depicted with \movif 4 re: <‘lgles. If any vector enters this area
the sensor is triggered. r ]g, a&)&a turns bluish which gradually fades
until it becomes gr Ql! S}‘)_ez:i)' w this fading occurs is dependent on the
| 2‘/ g
sensor delay pe@ \(_}:
N re connected to other nodes using black lines, which signify the

communic™®@ns links. In directed routing configuration, present connections are
indicated with colour blue. Any active connection that is exchanging a packet appears
red. Often this is not really visible since the more realistic low transmission period

will not guarantee prolong visibility. This is because packets are transmitted so rapidly
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making the line appears red only briefly. However, if the transmitter period is set to a

high value, it may be more visible due to being a little prolong.

The battery colour depicted at the centre of the red circle represents node’s
battery. The status of the node which is white coloured when in full { mode is
gradually turned to complete black at the exhaustion of power.&ma]ly, at the
complete depletion of the node’s power, the red circle around the , disappears and

becomes completely black, the gray sensor area vanishe\mifikewise all of the

The status radar at the bottom of the dlSp] w?x ‘msults of the
data transfer. In the radar, the nodes are seen as g?ﬂc' ile vectors on the
VA g

other hand are depicted as some small rec\

node in the uplink zone of the network i s erﬁx

communications links vanish.

a8uccessful]y reaches a

Frokahr and displayed as a hit
\

changing the colour of the circle to gre . Thfs% Ihe monitoring the speed
and accuracy of the network re g o the e‘n@ass through the field.
: , J‘

3.4.4 Programming \ %
N\ é"
The application devel ‘@t 1slnj ‘1 es. The first module is the development

of the \nreless net o whil e other module was the creation of the

N
-
simulator tha: ts the wireless sensor network objects. The descriptions of the

classes tha rise the wireless sensor network are described below:

* WirelessSensor: This class is used to identify a single sensor. Some basic
parameters are contained in this class, namely, iSensorRadius (the radius, in pixels, of
sensitivity of the sensor), iSensorDelay (set to zero if the sensor is ready for detection,

or positive if the sensor has recently detected a vector and is momentarily
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desensitized.), and x and y (integers representing the position of the node on the map.)

Noteworthy member variables include:

* aPackets: an ArrayList of Packet objects, each representing a datagram to be

forwarded to one of the downstream connections. Y.

* aConnections: an ArrayList of WirelessSensorConnections repreﬂ connections

to downstream nodes. Yv

* connectionCurrent: if directed routing is in use, the ¢ eWs lected downstream

node. \d

(NG
* jResidualEnergy: the amount of battery power a 1ngah h e%ﬁf'and node; the

Y.
sensor is disabled when this falls to or below °\ é

* WirelessSensorConnection: This class es ents $n QQ%n between two network
\
nodes, internally designated as SS and ive QT‘he connection contains a

placeho]der for the packet bex% chan d, I\’V as a timer to simulate a non-

-‘
instantaneous exchange P€m§hese' fit G.VO the simulation as members of the
t

aConnections list (alway b;/ pst node )

’

* Packet: This cla@vesafl a‘@ram exchanged between nodes. It simply

Yv

contains vanab ®y. lifetime (th%&haxm]um amount of time that the sensor will

/C

appear o ear) and timestamp (the amount of time left until the packet expires

on the radar.

* WirelessSensorNetwork: This class represents the entire network. In addition to
many parameters that correspond to the sliders in the simulator (Receiver Cost, Sensor

Cost, Sensor Delay, etc.) and some data synchronization variables, this class contains
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two important ArrayLists: aSensors, which holds all of the WirelessSensor objects.
and aRadar, which holds all of the packets that have been transmitted out of the

network and are appearing on the radar.

* VectorList and Vector: The VectorList class contains a list of Vectorvts each

of which represents an object moving across the map and bein s%cted by the

network sensors. T

The interface class is a typical Windows .NET ev 1ven interface. Only

two aspects of this system are noteworthy: %

* The actual network simulation runs on a separa@d fro tq'u'g;%i controlling

the user interface. This simulator supports comp] ely c n \ers — 400 nodes

_.!

x 400 nodes, which, fully mterconnecte@lmum b‘ﬁransmlssmn radius),
include 160,000 network connectio n ul 1 xs 1@6 ons across all of these
u

connections, and then drawing the & net eve 1mes per second, requires a

ybi 3 2GHz machine simply can’t

nontrivial deal of processing hez;PU ‘f a
: &
juggle this task with the YT@? P@ﬁ hax@és window events; hence, cramming
&)

both functions into on d zsglt ’:1 v ﬁ;\pletely unresponsive simulator window.

: @]
Instead, the simula E&ﬂ’eajj . d $a separate thread, which runs continuously

until the user s by clicking St@) or closes the window; as a result, the window

remains res;ée during the simulation.
* lsolating

the drawing and simulation functions to separate threads creates a
synchronization problem: If the main thread is tracing the Array List of vectors at the

same time that the processing thread updates the list (by inserting or, worse, removing
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an item), there exists the likelihood of an exception. To preclude this occurrence, the

threads synchronize access to the vector list by using a mutex.
3.4.5 Explaining of source codes in simulator.

This class represents the entire wireless sensor network. The network zﬁ!s.rructures.
The number of nodes of the network total figure: 10,15,20,25 (53,40’45,50,55,

nodes. The initial energy of every node 1000 Joules. And also twmax X dimension

of the map for randomly placing nodes and max Y dimensio e map for randomly
placing nodes. The location of the "end zone" (dat iwk)_ The pixel

radius of a sensor for detecting a vector. The duratifg of thefdel Fé@én packets
g
sent by a tripped sensor. The duration of the g{ i ion\?rhe st
Y~

communications range of any network nodt.w perﬁe nerd cost of sending a

packet across (x) pixels - scales with is%e, b 1i&9 The energy cost of
<N

QL

receiving a packet of information.

When the energy cost of a trigped %nsor. hagcan sjowed specifies whether routing
2o ' :63(' : _ _

is directed or random. The l@ € ed Qling information that will focus in

further work. Depend@n w
directed-routing net\%ar;i‘wzte}

s
or not the visum ation 1is runn\t)ngY.. And also specifies whether or not the map

should be paintd¥and whether or not it is currently being painted. Sepcifies whether

&

ﬂhe(}twork waits before re-routing. The
s
eé&%k simulation variables, specifies whether

or not @Jlation thread should be aborted. Specifies whether or not endurance
testing is occurring. In addition, the amount of time the network has been running
(solely useful for visual simulation). A timer for updating routing information. The
number of cycles executed by the process (solely useful for endurance testing). The

number of packets delivered by the network. The simulation thread (set to NULL
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when no simulation is running). A random number producer. total figure:
10,15,20,25,30,35,40,45,50,55. The last seed used (retained for the purpose of
replaying a simulation, by re-seeding with this value). The results of each test (100-

integer array). This is, admittedly, a crude way to write a constructor should be

broken out into a network descriptor class - but hey, it works. (\

Build the network simulation function, first, add random swus to the network
ordinate are in the

wns provides an

(fro searJ.B'm the list

(keep sorted by x, and make sure no other nodes with this x/

list). Add to list - note that it's sorted according to X

unambiguous metric for establishing routing conne$

to nodes further down the list). Not added ;e afl }‘\’Yénd Establish

connections (wipe out all sensor connectlon@ Fir?ﬁlly ed& all sensors with

&
0 Qurthermore, the trick

no downstream connections that aren't m th est ati

A
here is to ensure that there aren't any poas n netemork, i.e., clusters of nodes
A‘"
that are connected to each other to r 0dq In g Data collector/ uplink zone -
{
that do this by removing all n at h ,d stream connections and aren't in

the uplink zone. &\ l (Z%'
A
\ pOrs O
\0
"‘o)t >
Wireless Sens ésor (Wueles&&%sor)aSensors [1];if ((sensor.x < iDestinationX)

&& (se@ﬁectlons .Count == 0))

Dead end - eliminate. The scan all upstream nodes, to see if they were connected to

this removed node, and delete the connections.

WirelessSensor sensor2 = (WirelessSensor)aSensors[j];
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ArrayList aRemoveConnections = new Arrayl ist():

foreach (WirelessSensorConnection connection in
sensor2.aConnections)

{

if (connection.sReceiver == sensor)
aRemoveConnections.Add(connection); (\:
} A

foreach (WirelessSensorConnection %nn'ection in
aRemoveConnections) \,

sensor2.aConnections.Remove(connedy R: '

| ) J'@T
} ’ <&

h, g
foreach (WirelessSensor sensor in @veSﬁds ) ‘é

aSensors.Remove(sensor); \

sensor.iResidualEnergy = sensor.ilnitialEnergy;
sensor.aPackets = new ArrayList();
sensor.iSensorRadius = iSensorRadius;

sensor.iSensorDelay = 0;
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foreach (WirelessSensorConnection connection in sensor.aConnections)
connection.iTransmitting = 0;

connection.packet = null;

1
J

aRadar = new ArrayList();

if (bDirectedRouting == true)
SetRoutingInformation();

iLastUpdated = iUpdateDelay;

if (bNewSeed == true)

this.iSeed = (int)System.DateTime.No

r = new Random(iSeed); c\/

S/,

public void RunSimulation()

S
| N
S

This function is the heartQf ™e vi ulaéﬂ thread. It runs until b Abort is set to

® | C)

- &,

true - this is a faster a@ner}to chéusm than using thread.Abort().
&

bAbort = false'A \‘.:JV

bRungd mulation = true;

timge St = System.DateTime.Now;

this.vectors = new VectorList(iMaxX, iMaxY, r);
while (bAbort == false)

{

Process(true);

System.Threading. Thread.Sleep(20);



}

bRunningSimulation = false;

;{)ublic void RunTest() c§~
L
h

This function showed the runs the endurance test.

bTesting = true; éz |
iTestResults = new int[100]; \d, e
AN
bAbort = false; ‘é | ..f’
’ \)‘Z'

bRunningSimulation = true; Vq Y S-
timeStart = System.DateTime.Novs\co

this.vectors = new VectorList(iMc%, iM&& é<\
b% o S

for (inti=0;1<100 && bA = { se;i+')<$
N

{ Y. >
Reset(true); % :JI§
’ T A
)

bRunning&y lation=false;\t_}'

bTestj Ise;
BN

public bool Process(bool bSleep)
{

83
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This is the core of a network simulation - all of the network processes for one step of
the simulation occur here. Returns a bool to indicate that the. Network is alive (all

nodes active) or dead (partitioned by one or more dead nodes.).

bool bNetworkLives = true;

iProcessTime++; q
// update vectors (note use of mutex) v

vectors.mutex Vector.WaitOne();

vectors.Update(); Y.

while (vectors.aVectors.Count < 3)

vectors.AddVector(); \do X

| &
vectors.mutex Vector.ReleaseMutex(); A

by a vector).

foreach (WirelessSensor sensor in aS
{ S

if(sensor.iResidualEnYi

{
if(sensor.iS&&hﬂe]@
SENsorg orelay-
else Q,
{ 44/ -
A 3
\)r ach (Vector veckt in vectors.aVectors)

E {
0 if (Math.Sqrt(Math.Pow(vector.x - sensor.x, 2) + Math.Pow(vector.y

- sensor.y, 2)) < sensor.iSensorRadius)

{

if (sensor.iResidualEnergy <= iSensorCost) // sensing failed due
to sensor cost - sensor is now dead
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sensor.iResidualEnergy = 0;
else
{ // create packet

sensor.iSensorDelay = iSensorDelay;

sensor.iResidualEnergy -= iSensorCost; \?

sensor.aPackets.Add(new Packet(sensog Sensor.y,
sensor.iSensorDelay)); A

} \’Y'
I

) D | J1S
else 4 \T
| X o
bNetworkLives = false; V °\ {\
) &
) < O
Start new transmisions for any pendi kets T AL
foreach (WirelessSensor sensor i SOr'S »
N Aj é"
| X" | 7ls
if(sensor.aPacket%m > O)vﬁ &,
R
if(senstmnn tjoms
{ Q— r
:‘ irected ou{ng\? true) && (sensor.connectionCurrent != null))

\ sensor.connection®urrent.BeginTransmission();

% else // random routing

((WirelessSensorConnection)sensor.aConnections[r.Next(sensor.aConnections.Count)
]).BeginTransmission();

}
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}

// carry out transmissions across each connection

foreach (WirelessSensor sensor in aSensors)

foreach (WirelessSensorConnection connection in sensor aCo@ns)

{ 3(—)
Packet packet = connection. Transmit();
if (packet != null) \,

{ Y.
aRadar. Add(packet); é (d
iPacketsDelivered++; P o

| S

b P \,Y'

} N
// if using directed routing, upd %ne : \$r PN
? o ]

if (bDirectedRouting == tru

{ S
if ((--iLastUpdatengJéo

| N
iLastUpdat%\pra%d‘}!;(j)
SetRO\@?OH] if); $

) A
1 %\
S
Note th@ﬂhe process - tell the map to paint itself, and sleep for 10ms if this is a

timed simulation.

if (bPainting == false)
bPaint = true;

if (bSleep == true)
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System.Threading.Thread.Sleep(10);
return bNetworkLives;
}
public void SetRoutingInformation()

{

// this function updates directed-routing selections

{

if (sensor.iResidualEnergy > 0) T
| S
Choose best node given current conditions é I | :\(—\’T
sensor.connectionCurrent = null; Y' \:J‘?’v
double dBestCost = 0; \' n‘ 4\

foreach (WirelessSensorConn&;connec inénsor.aConnections)

foreach (WirelessSensor sensor in aSensors) v

}.,SQ :b), \3{

(connection.sRe&®iver.iResidualEnergy > 0)

Double dCost = Math.Pow(connection.iTransmitCost, x1) *
Math.Pow(C®hnection.sSender.iResidualEnergy, -x2) :
Math.Pow(connection.sSender.ilnitialEnergy, x3) i
Math.Pow(connection.iReceiveCost, x1) %
Math.Pow(connection.sReceiver.iResidualEnergy, -x2) .

Math.Pow(connection.sReceiver.ilnitialEnergy, x3);

if ((sensor.connectionCurrent == null) || (dCost < dBestCost))

{
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dBestCost = dCost;

sensor.connectionCurrent = connection;

}

#endregion
} .é\: l
public class WirelessSensor \d'
g
| <> 45
' \’Y'

. . L &
This class represents a single node in a wir SENSsor Woro

e
#region Variables and lnlllallza‘%de “
N &
public ArrayList aPackets = null N
gacket @

// an a 0

¢
1)
4

G,
a
‘.5‘
é‘%
=
o
(o}
[¢]

e

An array of connections ns odeéﬁ"always* downstream, not upstream) -

l
| | A ) _
nodes in the data colC}to PIIH} 3@2 a connection with a "null" receiver node
'

s e o 4 :
public ere]esf&%’ Connection G;c@’nectlonCurrem. IF using directed routing, the
S

currently pre Xnetwork connection for transmitting.

public 110

// the coordinates of the node

. ; s
public ArrayList aComKtlo s;l "

public int ilnitialEnergy;
// the initial power of the node

public int iResidualEnergy;
// the current power of the node



89

public int iSensorDelay = 0;
// the timer until the sensor is ready to be tripped again

public int iSensorRadius;
// the radius of this sensor

public WirelessSensor(int x, int y, int iSensorRadius)

&
b 3

this.y = y;
this.iSensorRadius = iSensorRadius;

aConnections = new ArrayList(); z '

connectionCurrent = null; \d
T

ilnitialEnergy = iResidualEnergy = WirelessSEWerNetforkiNlax®lergy;

) ’ &y
#endregion VY. ,\ \ 48'

! \)
J \
This class represents a communicatio %bet@x B censops
i &
#region Variables and initialiEh‘ c

? S
public WirelessSensor sSen% P “l 0
&
The upstream sensor NN @
public WirelessSer@ecel
The downstream SEQ' i
aad /M
connection wnh: L sRec#ivef. \'Y'

The packe@nly being transmitted on this connection (only one at a time, Of

courseigLulMc int iTransmitCost, iReceiveCost; the energy costs of transmitting and

receiving the packet public int iTransmitterDelay;

The total time this node would normally wait to complete delivery of a packet public

int iTransmitting;
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The timer for completing delivery of a packe public Wireless Sensor Connection
(Wireless Sensor sSender, Wireless Sensor sReceiver, int iTransmi tCost, int iReceive

Cost, int i Transmitter Delay)

this.sSender = sSender; (}Y.
this.sReceiver = sReceiver; *
this.iTransmitCost = iTransmitCost; Y.
this.iReceiveCost = iReceiveCost; Yy

I

this.iTransmitting = 0;

4.

this.iTransmitterDelay = iTransmitterDelay;
N
é\ (NG

i

#endregion %VY'Q‘ é‘r

#region Connection simulation functions &

A
23

{ (]
‘&
This function begins transmission o etw\ these nodes.
if ((sSender.aPackets.@ou 0) &K (i ahs@mg — 0))
) " &
Y O
K AF e
if (sSender. 1R651dual® 1 i

transmission fall% erh
esidual efg@;
el%\ ((sReceiver !=" null) && (sReceiver.iResidualEnergy <=

iRecelv
transiassiopY failed - receiver has run out of energy

sReceiver.iResidualEnergy = 0;

——

public void BeginTransmission() T

else

{
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success - accept the packet and start transmitting it.
iTransmitting = iTransmitterDelay;
sSender.iResidualEnergy -= iTransmitCost;
packet = (Packet)sSender.aPackets[0];
sSender.aPackets.RemoveAt(0);

if (sReceiver != null) §.
%3

sReceiver.iResidualEnergy -= iReceiveCost;

1
J

public Packet Transmit()
g
{ -é\ 1.0
Y.
a

The total time this node would normally wait to iom é packet. The

timer for completing delivery of a }@ 6\\5 function begins
transmission of a data packet betwee \B}M aﬁ‘g*mssion failed - sender

has run out of energy. The transm@ A}e \@s run out of energy. The
success - accepts the packet a sWans ittige'it. o
! \}

' -‘40

This function continues mssw reviOUSly accepted packet, and completes

N

transmission if appro a aijed t dqgga{ed energy.
| \0
if  ((sSender.i Enfr = ) || ((sReceiver != null) &&
(sReceiver. 1R651 al¥nergy <= 0) ) 1led due to depleted energy

e Bl > \

1 Transmitt ;

6§iTramsmitting > 0)

transmission in progress
iTransmitting--;

if (iTransmitting == 0)
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{
if (sReceiver != null)
sReceiver.aPackets.Add(packet);

else

{

packet = null;

return returnPacket;

Packet returnPacket = packet; ! (t}

}
} \d"?'

' N\
return null; % " J | -f)
3

) ol
#endregion \’ 0‘ é
| it £
} .
public class VectorList Ec—) GATQG}

‘&
{ \ ¥ \A
This class represents (and ;s) ‘ %

a flist Jpfl v@ors. The maximum X and Y
s &
coordinates of a vector@ndorll er @érator (the same one used by the
0

Wireless SensorNethNaje qh?‘_ e%& object).

#region Variab% initigt ng
public ArraAaVectors; \o}'

the array 0 ors
ub

utex mutexVector;
a mutex to control access to the vector list
private int iMaxX, iMaxY;

The maximum X and Y coordinates of a vector private Random r;
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a random number generator (the same one used by the WirelessSensorNetwork
object that houses this object)

public VectorList(int iMaxX, int iMaxY, Random r)
{
this.iMaxX = iMaxX;
this.iMaxY = iMaxY; \2
aVectors = new ArrayList(); s )
mutex Vector = new Mutex(); Y.

this.r =r;

| : I
#endregion \d
s . ’ Y.
#region Vector list management functions | (—}
. A
public void AddVector() 2 \T
{

This function creates a new vector and aoNathe ve

int iBorder = r.Next(4);

else if (iBorder g=
Add to top border, t % d 2 Eftc?right
aVect&neﬁ 9r(r.v\t(iMaxX), -5, r.Next(7) - 3, r.Next(3) + 1));
else 1 Ader =2 J\q\'
%er, traveling left and up or down

Add to ri

ectors.Add(new Vector(iMaxX + 5, r.Next(iMaxY), r.Next(3) - 3
r.Next )}

else if (iBorder == 3)

b

Add to bottom border, traveling up and left or right
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aVectors.Add(new Vector(r.Next(iMaxX), iMaxY + 5, r.Next(7) - 3,
r.Next(3) - 3));

}
public void Update()

{
Add to left border, traveling right and up or down. Add to top border, esxz:down

and left or right. Add to right border, traveling left and up or dowA™&gdd to bottom

border, traveling up and left or right. q

Y

This function moves the vectors around, and removes th thz haye traveled out of

l

bounds. \d
o of

1 by %
ArrayList aRemoveVectors = new ArrayList(); 2
foreach (Vector vector in aVectors) X

{
vector.x += vector.dx; c\ \T &k
vector.y += vector.dy; % [ ! $
&/
M@ iMaxX + 5) || (vector.y >

if ((vector.x <-5) || (vecto\<r

iMaxY +5)) q
aRemoveVectors%vec Ombj‘?
) I\\ Q S
) PG
foreach (Vectccwrl aR }kvcgtérs)
aVector %\'e(vlo :
’ >

' S
#endreglo \
} é

pub ss Vector

—

o
g

{

A lightweight class - really just a structure - for a vector.

#region Variables and initialization code



public int x, y, dx, dy;

public Vector(int X, int y, int dx, int dy)

{
this.x = x;
this.y = y; Y'
this.dx = dx; q
this.dy = dy; A

} <&

#endregion

| )

public class Packet \do \Y'
| WA

A lightweight class - really just a data structure ?r-a?g @

#region Variables and initialization&

public int X, y; % QA\T c;\(\
aé &
al

public int timestamp, lifesp amowynt off tin
the radar (once it gets there), and th

public Packet(int x, im@;es: v;% | §
{ N NN >
NI
this.x = X; \ l &
this.y = y; co l?o’ (')
i &
this.timet =04 %
3

this.l&n = timestamp; \C,"

1
J e
#en@

}

1
J

-
)

95
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The amount of time left to display the packet on the radar (once it gets there). and the

total time of displaying it.

The initial results of the simulator provide promising results. There are seven (7)
parameters in the experiment. The network size parameters will main
comparison standard in the conclusion. The comparison will be don@g network

size as the main parameter and it will be compared with the other six ) parameters.
For each comparison the best trend of comparison will be sele Y.e GUI is able to

provide the user with the visualization of the WSN angin edlate changes in the

different constraints are displayed. The main cons S he nodes are
deployed and the appropriate size of the network ghb ', (?rocess and
4
the impact of the number of neighbors have on th w err@’ the protocol
used and the effects that it has on the n(K [y areocgl tical to the overall
life of the network. ? &\
N
n q <{_—,
Conclusion, the algorithm is expla orou fied using simulation tests.
If the number of network sige st f 15 hen it will almost be a linear
' v/

increment in the transmittefdelay. @Ru a\gnetwork size start from 30 to 45,

then it will almost be a ipere pn&g_}ensor cost. If the number of network
[ ’
|

size start from 35 t W, be a linear increment in the transmission
% : f 4

cost. A brief hi on the atteng}?(.)f developing solutions for WSN coverage,
energy cons ron and other related issues is elaborated. A new developed method
for cqutroMggg WSN main parameters (such as energy consumption, BW, signal

strength and coverage) using single fitness function is proposed and tested. The
algorithm is explained thoroughly and verified using simulation tests. The algorithm

has been tested on experimental data and yet to be tested in reality using real WSN.
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Thus, the next step is to evaluate the performance of the developed algorithm using

the simulation toolkit as well as running the test in real WSN.

The algorithm showed sophisticated characteristics in the decision of sensors’
activity/inactivity schedule as well as the rotation of operating modes (clusterhead or

“‘regular sensor’” with either high or low-signal range), which led e&ierable

energy conservation on available battery resources. A

For future work will deal with the development of heuristic mew ogies for optimal

routing of dynamically selected clusterhead sensorsézgh' some multi-hop
I\d\v

communication protocol.
,é\ |5
3.5 Wireless Sensor Networks Simulation For 4 \T

S
%\ Node X Position « Random (0, Width)
0, Node Y Position < Random(0, Height)
while Grid[Node X Position, Node Y Position] |= -1

Grid[Node X Position, Node Y Position] « ii
Node ID « ii
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3.5.2. Node Discovery: This protocol broadcast a "Hello" message, if a node is within
the broadcasting range, it would acknowledge the message and send back a response.
The node that initiated the message will then add the acknowledging node to a list of
neighbors. When a node does an initial broadcast and receives no ac dgement,

the node will increase the broadcasting range till the minimal amd‘& of neighbors

are discovered. The following algorithm is being used: Vz

Node Discovery ()
foreach Node

x «Node X Position

v «Node Y Position

v, X-a, v-b, range)
1bor «— Grid[x-a, y-b]

Figure 15.Von Neumann Neighborhood
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(X2, Y2)

T

C=SQRT(AR2+B42) _—

_— B=(¥Y2-Y)

N4
e

The nodes use a von Neumann Neighborhood to look around t@ﬂ;yment grid. To

Figure 16.Pythagoreans Theorem

ensure that a point in the grid is within range, the di nz’ formula is given in

algorithm below: \d‘
Ny

if distance <= randMpremyn ia
else return fq (ﬂ) >’
o L]

The distance formula uses the P Xan, copm t termine the distance of two

g

(
different nodes. The algorithm€CYthe x—‘yﬁmjjn@ of the broadcasting node and a
neighboring node to det %tl lsi of@ triangle. The hypotenuse is then
!
computed. If the hypo@ dded fxc(eiéa the nodes broadcasting range and the

% N3
node is currently a% henﬁ?ﬁagﬂe &_ valid neighbor. That node is then added to

the list of nei g@f the broadcastg node. This process is repeated for all the wake

odes ibw ation.
3

n
3.5.3. Flooding Protocol: The data will disseminate from the sink and will travel

n
:

across the network to all the different nodes as shown in the following algorithm:
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Flooding(sender, receiver, visited)
Enqueue Sender
While Queue is NOT Empiy
current_node «— Dequeite Node
if current_node = receiver
return true
else
visisted. Add(current_node)
Jor each Neighbor in Node

if NOT visited.Contains(Neighbor)
Engueue Neighbor \T

When a node receives a packet of data using the ﬂoodiﬂg&otocol it will

retransmit it to all its neighbors. This process is repeated for al%f the nodes that

receive the message. Since only the intended receiver k 1f the message is
successfully delivered, the different nodes will contm@od work causing
excessive packages from being transmitted. To avoid{Nas and Jto Y1d e packets

with a relatively short time-to-live a list of visi des{ ed to&:eep track of

st %lésned nodes, any
@)

j y™dy namic structure of

nodes that have already received the packetwad i
infinite loop within the network is prev hﬁzf t
]

the resulting graph that the dlscov%orltﬁn uc@he flooding protocol is
designed to be a Breadth First Se

3.5.4. Power Production K

node is due to sending K
1@ formula in Equation 1, derived from the

[
messages being sen@_@ si ;lj 4\
nodes broadcastls% £ and tMle lgss o¥energy per message sent.

C

J
S

BroadcastingRange * Energy Per Msg

LnCIgb ey — T (1)

Energy loss is greater when sending a message, however just receiving a

message causes energy to be used. Equation 2 demonstrates a possible formula to use

in the loss of energy due to a message being received. In the equation, only a small
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fraction of the amount of the energy per message is being lost. Other forms of energy
loss come in the form of computation, and node overhead. To account for this type of
loss, a new equation is used. Equation 3 shows how much energy is being lost due to

overhead per time frame.

Energy Per Msg

N
Energy = Energy - —— = —=— _{o (2)
3

Energy= Energy— Energy_Per Step

)

Whenever the energy level of a node drops beyo ertz'in threshold, the

node will enter a sleep mode. The node will remain g the®leep m tell it{egains
o B S

enough energy to become functional again. Energy Wa no? s pfoduggd primarily

V

through the use of solar panels. The amount of gaer tha‘ N‘mg %ygﬁced is limited

and is dependent on the node's environ Gt)By usinpyan éﬁage node energy

production formula in equation 4, one tim
]
every time frame. \
Energy = Energy+ ;rojuce ,
PRI

ST

At every time frame, thehoMwwil werc?dm messages being sent and received

Syt

as well as from nod% h'; gnount of energy that the node is producing
& £

t] -
of energy produced at
b
\A
5
(4)

K%E’/

\
to pe 1t’the?€de to run constantly, appropriate power

might not be

N

e . .
managemen:Na low the node to}rolong its life allowing the network to continue

functior

3.5.5. Programming: The simulator is written in C# using Microsoft Visual
Studio.NET 2010. The application is in two parts: one module for the wireless sensor

network. and the other is the simulator that hosts the WSN objects. The classes that
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comprise the WSN are WirelessSensor, iSensorRadius, iSensorDelay, aPackets,
aConnections, ConnectionCurrent, iResidualEnergy, WirelessSensorConnection,
sSender and sReceiver, Packet, WirelessSensorNetwork, VectorList and Vector. This
simulator supports a gigantic networks 400x400 nodes. Simulating transmissions
across all of these connections, and then drawing the whole network s%N imes per
second, requires a nontrivial deal of processing. The CPU of ical 3.2GHz
machine is not enough for this task with the message pum\th' handles window
events; hence, cramming both functions into one thre d?ﬁts in a completely
unresponsive simulator window. Instead, the simulati a is% in a separate

thread, which runs continuously until the user stops it {gking pto th_ﬁg.

Y'
3.6. Wireless Sensor Network Simulation: Thi¥a pl' N 1S S’Q‘nulanon of the

WSN. The network is deployed based on \%Nters: n k sé&(number of nodes),

communications distance, energy cost% tranSI celvmg packets, etc.
)
The network can then be used to si ¢ thesdeteafioh (@%ctors traveling across the

A

sensor network field. In this mWn, »’h : e&q}mps the sensor of a network
ata?a

1
c Ek& en to a downstream network node.

node, the node generates d\

The packets are routed@)pri

’
zone” (the right sid f ae nfp,
SQ: {

'111 t@»y reach a sensor within the “uplink
)
1§:1 efl with a striped pattern). Each node also

simulates an ore, WiIchdls ;eted by sending receiving packets, and by

\a
detecting ve ince the nodes }Ne finite energy, they will eventually drop out of
the LO% tions network due to power down, causing network failure.

The simulation consists of two stages: deploying the network and running simulations.

Before deploying the network, the properties of the network should be set using the
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configuration sliders. The network configuration properties are grouped into two

categories.

3.6.1. Network Configuration: these factors determine the hardware properties of the
network. The following variables can be configured, Network Size, SeV‘Radius,

Sensor Period, Sensor Cost, Transmission Radius, Transmitter Periog, nsmit Cost,

Receive Cost. ]

3.6.2. Routing Parameters: These factors determine the e properties of the
network: essentially, the packet-routing method to be : t, ing is set to
“Random,” each node selects a downstream connec rand ly r'eael;&?acket If

set to “Directed,” the network routes packets b ed the :l \’ cr1bed in the

Chang and Taissulas’s work(Tassiulas, ]999!V 0‘ g

4«

3.7 Energy-Efficient Coverage

/;),

This research first develops orrﬂ)ma al Its which are used to

A“'
formulate the energy-efficient co pr,b ey Is a }gar integer problem,
'3

3.7.1 Notations and deﬁmth \ 2 S

Consider a network @ns@de provide sensing coverage to a set of
m target points in the &} Te t

in the region. Sen@Zd@#

a
ab antly to provide maximum coverage lifetime
and may hav endent sensmgﬁ‘aiu Let S be the set of all sensors and M be the

set of al t mts
Defini : Utility of a sensor s€ S, u(S), is the total number of target points t € M

which lie in the sensing range of s.

—

f m and the sensors are randomly deployed

Definition 2: Coverage of a target point t € M with respect to a set S of sensors, Cs (1),

is the total number of sensors s € S which cover the target point t.
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Definition 3: A Feasible set Sris a set of sensors s € S such that for all target points t €
M, there is a sensor s€ Sy which covers t.

Definition 4: A Cover Set A is a set of sensors s € S such that,

e Ais a feasible set. Y'
¢ Vs € A:theset A— {s}isnota feasible set. !%\
V,

Hence a cover set does not contain any abundant sensors and%’a ing one such
cover set is adequate to provide coverage in the network. V
Definition 5: Utility of a cover set A is defined as 2 '

U) =Zsen u(s) \J. (M)
N3

Definition 6: Coverage of the set M of target poin@respe t s‘z f sensors
’ Ay

is defined as \ N
C((M) =Yremcx (t) 0}3.0‘ S (2)
N 5

3.7.2 Properties \ AL
S

Next, some results related to the

developed. \ RS
i
Lemma 1: For a cover set 4, = P o &
ey L

Proof: Consider a targejgQi Ll X (@e the set of sensors which cover ¢

\zj‘br all s € X, t adds one to the utility of

N3
sensor s, u(s) th@ 1e utility of the cover set A. Also t adds c4

(1) (=1X]) to verage of the s . Summing over all target points t € M, i have
the desir%l.
Not t Igmma 1 is also valid for any feasible set.

Lemma 2: For a cover set 4 of size k (i.e. |A|= k), the utility of any sensor s € 4 is

upper bounded by (m+1-k).
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Proof: Since 4 is a non-redundant feasible set, for all sensors s € A there must be a

target point t which is not covered any other sensor s’ € 4 (otherwise the set 4 - {s}is a

Vs € A,3t EM :scoverst and c4 (1) = 1. 5 )

Y-

cover set and hence the set 4 is not a cover set) thus, i have

%
=
(@]
(¢
R
I
Rk
—
=
a
—
(¢]
jov)
—
(¢
o
—
a
o)
w0
-
o
-
oo}
—
()}
[¢]
L4
e
=3
=
—
7]
<%
z
e
(e]
Z
¢}
-
=g
&
—
(@}
o
<
a
—
o0
agQ
(¢J

maximum utility in A. since the total number of targe ispha ere ngust be at
| &

least (k-1) target points which are not covered by s’ <{m l-k)Y~
N

(m+1k)k.

? 0
Next i1 generalize the bounds to thegt of a ize.
\ 4
Lemma 3: The utility of a co gAls b;ﬁdps, < U4 )5/22_) Y= 0
: ’ P 4

J &
Proof: Since A is a cove r eachlt oint (QM must have coverage c4(?) = 1.

This together with the @h tiM ‘ea@ C4(M) = m. Now fromLemma 1, the

lower band follow

From Corollary %ve U (A4 i {néé;‘(.)k, where k = |A|. Let /' (k) = (m+1-k) k. then
A -

from simpl lus, f (k) is maximized at k =2— Hence, U (A) < (m—ﬂ)2

@nmas 1 and 3, i observe that the coverage provided to the set of target

points by any cover set is bounded only in terms of the total number of target points

and these bounds are independent of the size of the cover set.
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3.7.3 Linear Program
Next 1 address the issue of energy-efficient coverage in sensor networks. The
objective is to find a feasible set 4 (4C S), which comprises of a minimum number of

sensors. It is easy to observe that the set A must be a cover set, as deﬂnd&RSection

A .i—)

Definition 7: Excess Utility of a sensor s €4, u'(s), is defined a y = u (s)— 1.

Similarly, the excess utility of a cover set A is defined as U' UNZSeA u'(s). Note

that U'(4) = U (4) -|A| z
Let Sg denote a set of sensors which provid verage tofthe ark‘qnilizing

es ¢
. . N | &
minimum number of sensors. Then Sg is a cover ith m.'m ufy cardthelity. That

Y- N
is,VS'CS, such that S' is a cover set, |SE| < S'|. incg,‘\s is Q@\'/er set, it also
classifies the following constraints: \% O“
c A,
S 0 % < : ‘{9 (3)
Vs€Se: u'(s) 2
N Aj g
Vi EM:cse(t) 21 Y' ' 'S (4)
Cas (M) = 151+ U" (SK) v )
(3) 1s satisfied si1 I'wi
¢ l (.a

the set Sg would Iﬁ eJh cofer (‘)\Q}J s, since the set Sg is a feasible set. (5)
follows from | w Fro{ldfha‘ﬁ, SE| = Cse (M) — U' (Sg). In other words, the
N

set Sg minin% rer all sets of ser?gb)rs A, the objective function Y (4) defined as,
0 Y (A) = Ca (M)~ U' (A) ©)

Subject to the following constraints

egiet S-{‘{/s} would be a feasible set, and hence
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VsEA:u'(s) =0 )

Vi €EM:cs(t) 2] (8)
To pose the above optimization problem as a linear program, let us i ce the
following variables. For each sensor node, si, where i € [1....N i denote

whether s; € 4. Thatis, ¥; : 1 <i <N, the variable x; takes on value ¥
e 0,ifsi& A. V:
e 1,ifsi €EA. z ,

For each target point tj € M, where j € [1..m ], leTW defote qu&t_he target

N
point t; is covered by sensor s;. Precisely, Vi € [1%@ e ).t ]’, ﬂ}(o?variable Yij
R i
takes on value Vz \ g
e 1, if sensor s covers target poin\:> é‘

e 0, otherwise. %% QA\T §
d i g

9
d oé¢ the network configuration

problem can be expressegags tlel

Papadimitriou and Kem@ 79%

d v):
Minimize Y, xﬁ&cl to &
~

x'(CTL 1 yi D0 )

{Llwavje [1.m] (10)

(9) and (10) correspond to (7) and (8) respectively.
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From the structure of the above optimization problem, i observe that minimizing
the objective function Y(A) (Equation 6), is the same as minimizing the sum of the

coverage of all target points with respect to A and maximizing the sum of utilities of

all sensors s € A, simultaneously. R

3.8 Lifetime Coverage and Connectivity Problem *
This problem differs from the energy-efficient coverage probl?esed in section
I1 in the following aspects:
¢ Each set of sensors needs to ensure both coveragﬁcrvny in the
network.

¢ The aim is to find multiple such disjoint (or ually e}(c siye) se@and in

particular the maximum of such sets. z 43'

In this section the problem is fow@ more @nd there will be

comments on its optimal solution.

) c}
3.8.1 Problem Formulation \ &
Consider a region of in rew ttcjb s%nhattan grid, with m target

points distributed randomly, gr. d{ {/élmd J. Wu.(2004). N static sensor

{t
nodes are deployed ran@n t

to the monitoring st th 1

) rs sense information and transmit it
tgd etj?;e center of the grid. Every sensor has a
\

sensing capabili 0 ering” agfsie ofézius Rc. A sensor s whose distance from
\)

another sens r the momtorm\statlon) is less than its transmission radius (Rc),

can 16 rectly to s' (or the monitoring station). All the sensors have a constant
charge C at the time of deploying.
An active sensor has the ability to sense as well as transmit information to its

surrounding sensors, which lie within its transmission radius (Rc). All active sensors

can also act as relay nodes. A Passive sensor is unable to sense or relay information.
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An available sensor is one which has a nonzero energy level and is currently inactive
or passive.

Let S be the set of all sensors and M be the set of all target points. Let A- denote
Definition 8: An active sensor s has a path to monitoring station in the set S iff's
can transmit to MS or there are relay sensors ri,...... ,Tk ES su

e Sensor s can transmit to sensor rj. z '

e V:1< 1< Kk, sensorrican transmit to se T l\dv X

| &
e Sensor rk can transit to MS. A
2 7

e V€ A:thereisa path tol\m &\
N
) AR
An active set is adequate to \ n congra an@mectivity requirements in
: Y- N :
the network for a while. Let guch\set of gens 5 S&actlvated at time T; At some
ng

: s
rsI edet A Id get consumed of their energy

the set of available sensors (which is initially the same as S).

time T, > TI1, one or morﬁ
completely. At this tim % se ors&’Ar needs to be computed, which shall
K ¢ &
| o) ’
be activated to satig#mth bogu en@s.
i

’
&Kset A die at the time, the new set should be

Assumin %e sens s
. N .
mutually e: Nve to all the active sets computed earlier. Thus the computed active
sets @ivated in succession, where each one of them contributes towards one
round ol ¥ensor nodes activation in the network.

Given a particular network configuration, let R be the number of rounds thus

computed (i.e. R = number of disjoint active sets computed fro S). Assuming the
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sensors spend trivial amount of energy in the sleep or inactive state, the number of
rounds, R, represents the network lifetime. That is, if duration of a round is T, the

network lifetime equals RT. Hence, a large computed R would imply longer network

lifetime. On the contrary, a trivial activation decision could be set the mmaw set

A to be the same as S, which results in minimum R( = 1) or mini%\uetwork

lifetime.
The objective of the lifetime coverage and connectivity @Ts to compute

the maximum R and to compute the active sets (Aj, .... rrespondmg to the

round (1, ...., R), or equivalently,

€ %
Through multiple solutions, lh% i
For example, consider two soluy \ave,

disjoint active sets (A1, ..., (A'],

of those active sets for vx& t Ilil nupnber @e
Ny
former setis a so]utlo AR (NS 'I} I/ﬂé)’

382 NPC 0m ss ofthe 1 olution

m number of dlq@) t active sets of sensors in S, where each of the

nsors activated is the least (i.e. the

Finding the 1

active sc%ﬁdependemlv provide coverage and connectivity in the network is the

(»;3111@1011 {o the lifetime coverage and connectivity problem.

Cardei and Du have shown that computing an optimal set cover (or the lifetime

coverage problem) is NP-complete. The problem that is faced also needs to compute
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an optimal set cover. Moreover, the computed sets must also guarantee connectivity in
the network. Hence, this problem has a solution represented in the following section.

3.9 Results and Discussion

The initial results of the simulator provide promising results. There szen (7)
parameters in the experiment. The network size parameters will the&};mparison
standard in the conclusion. The comparison will be done using k size as the

main parameter and it will be compared with the other six 6Nmeters. For each

comparison the best trend of comparison will be selected E ntmber of network

size start from15up to 45, then i will almost a linear ingrem®t irf the smi\?: delay.
| S
And if the number of network size start from30 u 45, therf 1 whll a@\ost a linear

N

Xve st;@am%up to.55,
oséghe GUI is able to

@diate changes in the
)

increment in the sensor cost. And if the numb%§CIv%ci

then i1 will almost a linear increment in& :tr’nsmi551

provide the user with the visualizati r%lhe @xd
0

different constraints are displayed. ain stghints the visualization will be

looking at are how the node are‘eplo 41

ygd a c@?éropriate size of the network.
The neighbor discovery prQs ncli "iMJ}‘éJ‘d]e number of neighbors have on
the network. Furthermé& p 'eing‘é%ed and the effects that it has on the
node's power supp@itic t' 1 0':/@1 life of the network. The following tables
and figures are wlg an’d m&nftvé\ng the simulation results over two different

rounds and t parameters. In the\g’ﬁrst attempt of the simulation, that set the value
of netviagk™Sze to 10 nodes, which is relatively a small number. The reason for this
choice&rely experimental (inspecting the reaction of the developed algorithm in
the simulation). The initial energy is set to 1000 Joules, which will be optimized

during the course of the simulation. The sensor radius is set to 45 with a maximum
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noted movement in X and Y directions of 515. It can be clearly seen that the resulted
sensor delay is 15, transmitter delay 10, transmission cost 2, receiver cost 15 and
sensor cost 20. These values are yet to be proven whether they represent an
improvement or not. Thus, running the second round with different parameé alues

to prove the enhancement in the performance is WSN. ! (}

Sensor nodes are energy-constrained and hence only a minimal v sensor nodes

needs to be activated at any given time. Node activation Ms ought to be in

succession in order to fulfill maximum lifetime of th orl{. Eventually, the

optimal solution to the lifetime coverage and connectjgity pYoblgm i -Co}pplete. It
| &

is possible to compute the optimal solution by extagsive §pa chfor sq;a]l network
N

sizes (small values of N and m). However, t}% pl \com ng the optimal

solution grows very rapidly with the size @etwork. nceé" efficient heuristic
solution approach requires to be devel : A\? \&
¢yt @
N
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