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ABSTRACT

Currently, the main challenge for researchers in the field of wireless sensor networks
is associated with reducing the energy consumption as much as possible to increase
the lifetime of the nodes and improve the performance of the network. Furthermore,
delivery of data to its destination is also an important key issue that represents

throughput of the network.

On the other hand, transmission range assignment in clustered wireless networks is
the bottleneck of the balance between energy conservation and the connectivity to
deliver a given size of data to the sink or gateway. Therefore, this research aims to
optimize the energy consumption through reducing the transmission ranges of the
backbone nodes in multihop network, while maintaining high probability to get end -
to- end connectivity to the network’s data sink or gateway. Hence, this framework
will decrease the energy used for the transmissions made by cluster head nodes, and
improve the efficiency of the current clustering protocols that usually use huge

transmission ranges for cluster heads (CHs) backbone in wireless sensor networks.

We modified the approach given in [1] to achieve more than 30% power saving
through reducing CH-transmissions of the backbone network nodes in a multihop

wireless sensor network with ensuring at least 95% connectivity probability.

Keywords: Wireless sensor networks; Adaptive transmission ranges;

Clustering; Network topology.



0z

Giiniimiizde, kablosuz algiliyici aglar1 alanindaki arastirmalarda karsilasilan temel
zorluk, ag diigtimlerinin Omriinii ve ag performansini artirmak amaci ile enerji
tiketimini azaltilmasidir. Ayrica, verinin hedefine ulasmasi, agin veri uretimini

etkileyen 6nemli bir etmendir.

Ote yandan, kiimelenmis kablosuz aglarda iletim aralig1 teyini, enerji tasarrufu ve
baglanabilirlik arasindaki degis tokusu belirleyen en énemli etmendir. Bu nedenle,
bu arastirma, yiiksek baglanabilirlik olasiligint korurken; veri iletim araligini
azaltarak enerji tiikketimini optimize etmeyi amaglar. Dolayisiyla, bu ¢alisma, kiime
bagkan1 digiimler tarafindan veri iletimi i¢in harcanan enerjiyi azaltir ve kiime
bagkan1 digiimler igin genellikle biiyiik iletim araliklar1 kullanmakta olan mevcut

kiimelenme protokollerinin verimliligini arttirir.

[1]'de verilen yaklagimi degistirerek en az % 95 baglant1 olasiligin1 korurken, ¢ok
atlamali kablosuz algiliyici aglarinda bulunan kiime baskani digiimlerin veri iletim

araligini azaltarak %30 enerji tasarrufu sagladik.

Anahtar Kelimeler: Kablosuz algiliyict aglari, Uyarlanabilir iletim araligs;

Kiimelenme; Ag Topoloji.
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Chapter 1

INTRODUCTION

1.1 Introduction

In the scientific literature, wireless sensor networks (WSNSs) consist of sensor nodes
(this term refers to a “device”) that are deployed usually to monitor, examine and
study a system or an environment, then forward data to its end destination. Currently,
WSNs are widely used in military, health, industrial, and consumer applications.
Therefore, they are receiving much attention in the academic and research

institutions [1] [2].

WSNs have two important issues: 1) energy constraints and its consumption, where
energy resources in WSN depend on their batteries (short-lived and low power); 2)
connectivity for delivery of information to its destination that refers to the throughput
of the network. Both of these issues are associated with transmission range for nodes

in the network [3] [4].

Data is delivered from network’s nodes to the data collection point (Sink or a
gateway) over multihop paths by using clustering technology which means that the
devices in wireless networks are divided into groups of nodes (called clusters).
Hence, each cluster must contains a single Cluster Head (CH) node which is elected
as a local controller that performs the task of compiling and summarizing the data

flows from other member’s nodes within a cluster [1] [4] [5].



The major advantages of Clustering technology in (WSNs) are: reducing traffic
volume of data flows by forming the CH-backbone; making the network topology
more simple; and alleviating overhead, collision, interference and traffic congestion.
Ordinary nodes in clusters elect their CHs via CH nomination announcements
performed by every node in relation to the scale of probability which is computed by
singular nodes and it considers the outcome of jump distances to the sink of the

comparative traffic load at various locations of the network [1] [6] [7].

In clustering protocols, the most important aim is the successful delivery of a given
size of data to the sink or gateway. However, there are two main associated
perspectives: If the CH transmission range (which mean clusterhead-to-clusterhead
transmission range) is not long enough (too short), it will consume low power, but
leads to network partitioning in which some CHs cannot communicate, and hence
causes failure of data delivery process to its destination (gateway). On the other
hand, if the CH transmission range is not short enough (too long), it will ensure the
successful delivery of network data to its destination, but requires difficult
modulation schemes and high power for data transmission. Hence, these two
concepts require a tradeoff for the transmission rang so that the range should be short
enough to save energy and avoid high costs of data transmission and long enough to

ensure no splitting of the network and achieve high data throughput [2] [8] [9].

In previous studies, the authors proposed algorithms which assign minimum
transmission range with ensuring network connectivity, but they require global

information about node locations which is difficult to achieve in WSNs [10] [11].



While, the authors of [1] investigate connectivity probability (this term refers to “the
probability of end -to- end connectivity’’) according to deployment density for nodes
in the network and provide an analytical solution. Inspired with the work of [1], we
modified their algorithm by using simpler mathematical approaches to decrease CH
transmissions ranges and provide more conserving CH transmission power while

maintaining high connectivity probability of data to the sink or gateway.
1.2 Problem definition and motivation

The limitations of energy resources and power consumption in data transmissions are
important issues in the wireless networks. Hence, most devices in wireless sensor
networks are limited in energy resources because they depend on their batteries
which have shorter life time with longer transmission ranges. Furthermore, ensuring
the delivery of a given size of data is also very important because it represents the
throughput of the network. Therefore, these two issues make transmission range
assignment in clustered wireless networks the bottleneck of the balance between
energy conservation and the connectivity of delivering data to the sink or gateway
node, and this requires reducing transmission ranges of CHs as possible to provide
more conserving CH transmission power while maintaining high connectivity
probability to the data sink or gateway.

1.3 Research aims

The aim of this research is to optimize the energy consumption through reducing the
Cluster Head (CH) transmission range of the backbone nodes in a multihop wireless
network, while maintaining high probability of connectivity to the data sink or

gateway in the network.



1.4 Thesis outlines

This thesis consists of five chapters. Chapter two presents literature review and
theoretical background which contain the clustering mechanism in WSNs, and
numerical analysis to compute CH transmission range with high connectivity
probability. Chapter three shows the modified transmission range assignment
algorithms to reduce CH -to- CH transmission ranges and provides more conserving
CH transmission power by using simpler mathematical models. While chapter four
shows the implementation and results for the original and our approaches. Finally,

chapter five presents conclusions and suggestions.



Chapter 2

THEORETICAL REVIEW

2.1 Literature review

In wide-area wireless networks, data collection point is either Sink which is a
processing center or gateway which is the basis for a link to the network
infrastructure. Hence all data collected by network’s nodes via multihop paths is
delivered to this collection point. This leads the researchers to divide the networks
nodes in to Clusters which are groups of nodes with data flows as shown in Figure

2.1. [2][3]

@ siok
(@ CH-node
@ Cateway
& MNEmber nodss

— Flow of data

Figure 2.1: Clustered architecture [2]



Hence, each cluster has three types of nodes.

1) Single node as clusterhead (CH): collects and summarizes data flow from their
ordinary nodes and then forwards data collection to the next hop.

2) Gateway nodes: shared between two or more clusters and they are considered as
bridges among clusters in the network.

3) Member (normal) nodes: relay the data and connected only with CH in its cluster,
where the number of ordinary nodes represents the size of the cluster in the network.
2.2 Clustering mechanism

In wireless networks, clustering mechanism has many advantages:

1) Reduction the data flows: ordinary nodes in each cluster linked to its CH, which
collect, summarize data delivered, remove the redundancy of data, and forward the

information to the next hop [1] [12].

2) Formed backbone network: CH and gateway nodes can form the backbone of
network; this will make network topology more simple and alleviating overhead,
Collision, interference and traffic congestion. The blue dashed lines represent the

CH- backbone topology for WSN, as shown in Figure 2.2 [1] [6] [7].
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Figure 2.2: Backbone topology for clustering network. [6]

3) More stability for network topology: Only some part of the network can be

affected by changing the network nodes [2] [3].

4) Easing hotspot problem: The CHs located closer to the sink die faster than those
farther, because the nearest loaded by traffic data flows, therefore an unequal cluster-
based routing (UCR) protocol in clustering network is used to minimize the effect of
this problem by selecting clusters sizes (which mean number of nodes in each
cluster) on the basis of the density of traffic data flows at each clusterhead for

network’s backbone, as shown in Figure 2.3 [1] [7].



base stavon

® CHnode

 Member nodes

Figure 2.3: An overview UCR protocol. [7]

This Figure shows that the clusters have different sizes. So the size of cluster is
decreased with decreasing the distance to the Base Station (BS) or sink; and the
traffic data flows for closer CHs are alleviated.

5) Reduce energy consumption: Energy resources in wireless Sensor networks
(WSN) are limited and have short lifetime because they used batteries. Therefore,
clustering mechanism sported power saving by reducing transmission ranges and

data flows for all nodes [1] [13].
2.3 Transmission range

Clustering mechanism for wireless networks has two concepts:

1) CH transmission range is long so that it will ensure successful delivery of network
data to the gateway, but this option will need additional transmission power to
achieve it and difficult modulation schemes as well. This means that inefficient using

of energy, short lifetime of network, and additional cost [1] [7] [8].



2) CH transmission range is short (not long enough): so that it fails data delivery
process to the gateway, this option will drain low transmission power, but it will at
the same time lead to a fragmentation of the network and reduce its overall
throughput [1] [9]. These two options caused the transmission range bottleneck of
wireless networks. Therefore, we must select minimum transmission range to
provide more energy and to avoid a fragmentation in the network. Moreover, to
reduce high costs and at the same time ensures certain data delivery to the gateway.
2.3.1 Computing CH-CH range "R"

The approach in [1] computes the minimum transmission range by increasing R until
obtaining 95% probability of connectivity (M) for CH node placed at a distance d
from the gateway as shown in Algorithm 1. Where “Ry” is the original value of the

range (R) and “AR " is the range increase.

Algorithm 1: Algorithm to compute R
1: R «+— RO,
2: [prod] «— connect (A, 4, R),
3: while prod < M do
4: R+ R+AR,;
5: [prod] «— conxnect (A, &, R).
&: end while

7: return R

Figure 2.4: Algorithm1 [1]

Where (RO = 10m) is the original value of range (R), (AR=1m) is the range increase
and the term “connect” returns prob, which is obtained by using algorithm 2, as
shown in Figure 2.5. Hence, the probability of connectivity to the sink or gateway for
a known ClusterHead node density (1) and CH transmission range (R) provide the

procedure connect with increasing hop distance K and decreasing a distance d [1]



Algorithm 2: Procedure connect (4, d, R)

1: prob «—1;
2. K0

S P T
3 F<—E[r]='r§2 S
4: while d > R do
5 K«—K+1,;
6: o« «—2sin"*(R/2d);

1

(m—3ec)
2 J

T B+

2
BT -"g—sin (26)

8 Ce— foﬁ T Tas

2 F.
BT —"Tsin (26)

g: Qh%foﬁ ge 2 Vas

10: dyue VT + d? —27d cos:
11: d —dy,,. :
12 5 — (2d+R)/2;

1

)

:u«—‘]s(s— d)z(s— R) d

14: Area, + d% «c/2 — o,

2
15: Area, = RTB;

16: Area (Ry,..) =2 ( Area, + Area, ),
17:1f K =1 then

18: prob «— (1 — e ™ra Rrec yprob;
19: else

20: a(R,,, ) + ((2K—3)T+ 2R)T B,

21: prob «— (1 — o™= (Rusw Nyprob,

22: end if

23: end while

24:1f d > 0 then

25K —K+1;

26: end 1f 27 return prob

Figure 2.5: Algorithm 2 [1]
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The idea of algorithm 2 in [1] is to get the smallest hop distance among the next hop
nodes of A (denoted by Ay.,:) and the gateway B, where, node A is originally with a

distance (d ) from node B, as shown in Figure 2.6 [1].

X , ) J
.~ RegoinA Regoin B
\'I > ~,, ) \\\ \ 4—1‘
‘I\ ‘ P _ — T - |‘I
| ) ; 4 ‘ B
| |

- 5 I“;'—'T__t__ B ________---

A — d d TR
I —
\.—} - I|_

\ 4_“\
x\\_p —
J
X

Figure 2.6: Regoin A and Regoin B [1]

Hence, Region A is the intersection of B’s circular arc of radius d (XY) with A’s
circular range. Similarly, Region B is the intersection of A’s circular arc of radius d
(XY) with B’s circular range, therefore, when we select randomly next hop for node A
(denoted by Anex) in region A which has a new distance (dnex;) to gateway B less
than the previous distance d. This means, the distance (dnex:) to the node B decreases
with increasing hop distance K (see step 5 of algorithm 2) to node A and re- find a
new distance dyex less than d to d (see step 11 ) until d < R. Thus clear in the inner
loop (step 17 to step 22) of algorithm2. Also this loop updates the connectivity
probability (prob) over K hops. To avoid a next hop distance (dnext ) is larger than the

previous distance, when the previous hop of node B is at intersections points (point x

11



and point y) of the arc xy which bounds the Region B, therefore, as shown in Figure

2.7 [1].

Figure 2.7: Region Ryext (Area Ryext) [1]

This Figure, illustrates the determination of Region Ryex: (denoted Area (Rnext), See
step 16 of algorithm2) within Region A, to ensure that the distance dyex: (which is the
distance between A’s next hop and B’s previous hop) is always less than the distance
d. Hence, the Region Ryex: IS created by the intersection of the arcs of radius distance
d for point X and point Y with Region A (in Figure 2.6) at points X" and Y"
respectively [1].

2.3.2 Computing the next hop distance dnext

The next hop (Anext) Of ordinary node A which is lying within Region Ryex: and it has
a radius r (where 0 < r < R ) to node A, and angular deviation 8 (where 0 <

6 < B) to the straight line between node A and gateway B as shown in Figure 2.8

and also this next hop has a distance dex: to node B [1].

12



Figure 2.8: Next hop Anext and a new distance dyex: [1]

Therefore, we can find a new distance dyex for single hop Anext by using cosine law

as below: [14]

dyext =+/T2 +d? — 2rd Cos(6) (2.1)

The locations of node have uniform distribution,therefore, the expressions r and 6
are random variables and the next jump of A (Anex) Will depend on these two
variables in a Region Ryex Fartheremore, avoid the complex of laping integrations to
find individual path lengths which will occur in multihop distances. [15] Therefore,
by using the approximation of the average transmission distance 7 which is equal to
the value for each next hop over a path and then we can compute a new distance

dyext: depending on this approximation (See step 10 in algorithm 2) as flow: [1] [14]

dyexe ¥ NT° +d% — 27 d cos @ (2.2)
where 7 is the average of next hop distances to node A and 8 is the average angular

deviation for 8. Therefore, we must find these two variables
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1) The average propagation distance r

To find the average for the next hop distances r, as shown in Figure 2.9.

T | T
/’;/’ . - || ™ & \\\\‘\\
Ve | s N
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£ ' L ] \‘ \.
- | - ".II II||
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! [ ] ||
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WA e ? e * /)
! \ . i . s
\\ . * . . e /
Q\ ¢ . /’fj’f
R « *-
H"“x_::_'_'--—_ = . _——F'_"F:_:""

Figure 2.9: Computing the average for the next hop distances 7 [1]

An expected value (average) of the smaller radial distance that encircles for every
node within A’s circular range, as shown in Figure above, we consider no nodes
within the region more than radius r and this will make radius r to be the smallest
boundary radius. Also, we consider at least only one node in smallest encircle
2ntr dr within region r. Therefore, we can represent at least one neighbour node of

node A within its range in equation below: [1] [16]

—lﬂ:(R2 —rz)dr

fo) =" (2.3)

Hence, the expected value which is equal to average distance + will be as below:

f§ 2nr?2 A e~ AM(R2 —r2)

1—e—AR?

T =E[r]

(2.9)
where step 3 in algorithm 2 represents this equation

2) The average angular deviation (), we seek to obtain the average angular deviation

0 for this average distance as shown in Figure 2.10.
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Figure 2.10: Computing the average angular deviation 8 [1]

We consider the node Y which has the furthest angular deviation 6 towards the
gateway B, this means there is no any node in the dashed area bounded by the line
YZ and arc YZ. Therefore, this region has smaller probability and fewer likely for a
furthest node (Y) to include a great angular deviation (8) towards node B, because
the distribution is not uniform on this arc. Hence, we can estimate the average
angular deviation 0 (the expected value of angular deviation 8) by finding the

probability of this area with the flowing relations [1] [16].

Area of half marked region = Area of arc’s 8 — Area of triangle AYX

-2
where, Area of arc’s 8 = %, and Area of triangle AYX = G) T cosO =1 sin@

Area of half marked region =22 — G) 7 Singze) =[7°6 — G) 7 sin(26) 1/2

2

Area of overall marked region = 720 — G) 7 sin(260)
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2 1\=2 .
And then, the Probability (Prob) of this area will be (e *T 0=(G)F sin@o) y
Therefore, the average angular deviation @ (steps 8 and 9 in algorithm 2) can

estimated as shown below.

0 FZ— TT sin(26)

_ JPee 5 ag
= ——"
FZ—T— sin(26)

6 2
[Per g

7

(2.5)

2.4 End -to- end connectivity probability

The connectivity for wireless clustering networks is depends on the probability for
each node that is located the next hop towards a gateway node, as shown in Figure
2.7, the Region Ry.,: (Area(Ryex:)) With the first ordinary node A is considered
within it. Hence, the Poisson distribution can be achieved for nodes’ number in this
area which has uniformly distributed. Therefore, we can obtain the probability of
connectivity to get one node only with Region (Ry.y:) t0 be next first hop ( Ayex:) @S
1 — e~MAreaRuext)  (Step 18 in algorithm 2), [1] [16]

Where, Ry.,: IS represented by dashed lines as shown in Figure 2.11. [1]

Figure 2.11: Area; and Area ; [1]
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Ryext = Area; + Area,,and  Area(Ryext) = 2 * Ryext

Area(Ryex:) = 2[ Area, + Area,], (See step 16 of Algo.2) (2.6)
where, Area, is the area difference between the area of Section circular (XX’4) and
triangle AXX"), while Area, is selected area corresponding to the circular arc of
angle B, as follow: [1] [14]

Area; = d? /2 —a, (Step 14 of algorithm 2) (2.7)
Area, = RZTB , (Step 15 of algorithm 2) (2.8)

Now, we find angles « and 8 and then the area (a) of triangle AXX” as shown
below.
I-For triangle AXX”

RZ=d*+d*—-2+d+dcos(x) =2x*d?[1—cos(x)]

RZ

[1— cos(x)] = o ©
[1 —cos(x)] R?

= L rd

2 4d2

U—;ﬂz% = sin( «/2) ©

= 2xsin"1(=), (Step 6 of algorithm 2) (2.9)
2d

I1-Since, The triangle 4XX" is an isosceles triangle and sum of its angles are .

Therefore, « +(a+B)+(x+p)=m & 20+3 x=7 &

T—3X
’

p=" (Step 7 of algorithm 2) (2.10)

I11-The area (a) of triangle AXX" is found by using the half circumference (s) of this

triangle, where

g = drd+R _ 2:d+R
T2 T2

, (Step 120f algorithm 2) (2.11)
And,
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a= \/s(s —d)?(s- R) , (Step 13 of algorithm 2) (2.12)

2.5 New area search for next hop nodes

We strive to find the next jumps towards a gateway node within Region Ry.,; Which
has multiple nodes. Hence, the number of jumps becomes higher and more complex
of node locations. Furthermore, recently increasing wrapped areas becomes
exponential, causing hardness in an accurate computation. On the other hand, it is
sensible to hardly estimate those anew areas as other hops are crossed as shown in

Figure 2.12 [1] [14].

Figure 2.12: Area for next hop nodes (Rnew) [1]

This Figure shows the Area (Rnew) Which contains nodes that have a new next hops
to nodes of hop number (i). Hence, the circular arcs which have the same center at
ordinary node A with gradual increase of transmission range R, and the average
angular deviation 8 (that is found in equation 2.5). While the gradient away from the

center (the node A) is supposed to include the average transmission incremental
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radius for r < R for every hop as a single hop propagation distance (step 3 of

algorithm 2) [1] [15].

Therefore, we get the Area (R,., ) Which became easy by using geometrical

computation, as follows: [1] [14]

Rpew = [(i— DT +R]? *g - [(i — 2)T + R]? *g = [[(i — DT+ R]? —

[ —2)r+ Rlzlg [ — D@ + 20 — DIR + (R)?] = [( —2)*(1)* +
2 —2)TR + (R)?]= = [()?(®? —2i(P)? + (r)? + 2itR — 2TR + (R)? —
(D2()? + 4i(r)? — 4(r)? — 2iTR + 4TR — (R)Z]g = [2i(T)? — 3(T)? + 2TR]
[(2i - 3)(®)? + 2FR]S = [(2i — 3)F + 2R] +T

0
2

N | DI

N | DI

Ryew = [(2i — 3)T + 2R] * T

N | @l

(Step 20 of algorithm 2) (2.13)

after that, we assume the connectivity probability (Prob) to obtain one node with
Area (Rnew) and update this prob (see steps 21 and 22), as follows:

Prob = [1 — e *Area(Rnew)] (Step 21 of algorithm 2)

Prob = [1 — e *AreaRuew)] « prob (Step 22 of algorithm 2) (2.14)
2.6 Implementation of the algorithms

Implementation of the algorithml requires the initial value of range Ry (10m), the
range increment AR(1m), and the probability of connectivity (prob) (step 2 of
algorithm 1 to a gateway that we receive from the term connect (4, d, R) by using
algorithm2. Furthermore, algorithm2 needs a value of d along which multihop
probability of connectivity which is calculated within various values of the
transmission range (R). Hence, this range (R) is allocated for each clusterhead (CH)
nodes and linked with deployment node density o (3%1073,4x1073,5

1073, and 6 = 1073). Therefore, with clusterhead (CH) selection probability (P) is
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equal to (0.1), CH node density A will be (0.0003, 0.0004, 0.0005, and 0.0006)

respectively [1] [7] [8] [9].

Also, for an XxX network, [1] where ( X = 1000m), the derived terms used in the
algorithm 2 can be accurate enough when the resulting range R is close to the value
of distance d that is selected by Monte Carlo simulations to obtain the smallest
range (R) which allows at least 95% Connectivity probability (Prob), with different
values of node density o. Therefore, the best estimation is obtained for choosing the
CH that is X/2 (d= 500m) away from the node B for each density value of the

network nodes . [1]
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Chapter 3

THE MODIFIED TRANSMISSION RANGE

ASSIGNMENT ALGORITHM

3.1 Mathematical concepts

Depending on the basic mathematical concepts and the relationships between the
circle and the straight line, we find four new mathematical cases to reduce the
transmission range (R) with ensuring at least 95% end-to- end connectivity
probability.

3.2 New dpexr law

In [1], dnext IS approximated by using equation (dyex: = JFZ +d? —2drcos9)

(See step 10 of algorithm 2). While, as shown in Figure 3.1, we can use a new

method to compute dnex:,

A2

Figure 3.1: Ay, and a new distances dext.
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The idea is that the component of 7 on the straight line AB is (r cos 8 ). Therefore
we can also approximate dy.,: as:

dnext = d —Tcos O (3.1)
Where T is the expected value of the smallest radial distance r, (0 <r < R), and 0 is
the average angular deviation of 8, (0 < 0 < B). Hence, both 7 and 8 are computed by
using steps (3) and (9) of algorithm 2 respectively. [14]
3.3 Increasing area search (Ryext)

In [1], Region Rnext (Which represents Area; and Areay) is determined by computing
angles (x and g). While, as shown in Figure 3.2, we can use a new mathematical

approach to compute angles (« and ) by increasing the area search Ryex.
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b)
Figure 3.2: Increasing area search: (a) Area Rnext, (b) Area; and Area,

The idea, as shown in Figure 3.2a, we consider both points O’ and O which are lying
on a circular arcs Z’X”’ and ZX respectively (that means shaft points X’* and X to
points O’ and O respectively). Also, as shown in Figure 3.2b, we consider the
straight line BO is the tangent of A’s circle at point O’ and the straight line AO is the

tangent of B’s circle at point O. For this case, when we choose any point on the
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straight line 40’ which has the distance r to node A, and dy.,; t0 gateway B, that
will be guarantee less than d by value (r cos (/3)), where 0 <r <R. this leads to: [14]
A0’ 4+ BO’ and BO L AO

(Radius is perpendicular to the tangent of the circle from the tangency point).

Also, AO’=BO =R and 0O’ =A4B=d

~ AABO = A ABO (Two triangles are matching by two sides and angle). Therefore,
~mABO' =mBAO =«

Now, we can find a new law to compute angle o« and angle g from the triangle ABO’
or ABO as follow: [14]

« = tan"1(R/d) (3.2a)

B = g—oc (3.2b)

In this approach, there are two states:

1) Using a new equation (3.2a) and equation (3.2b) to compute (x and B) in the
steps 6 and 7 of algorithm2.

2) Using a new dyext 1aW (dyext = d — T cos 0) with state (1).

3.4 Decreasing area search (Ryext)

Region Ryex: (Which represents Area; and Areay) is determined in approach [1] to
compute the angle « and angle S. While, as shown in Figure3.3, we can use a new

mathematical approach to compute these angles by decreasing the area search Ryext.
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b)

Figure 3.3: Decreasing area search; (a) Area (Ryeyxt). (0) Area; and Area,

As shown in Figure (3.3.a and b), we consider the arcs (ZX’’) and (OY ") of the
radius (d ) around point X and point Y respectively, intersect at point M that is very
close to point A, and Similarly the arcs (YO’) and (XZ’) around points O and Z
respectively, intersect at point M, that’s guarantee reducing the next Region (Ryext)
within the Region A (see Fig. 2.7), thus satisfies dnext’s hop is less than the distance

d.
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In this approach, we can find a new law to compute the angles (< and f) as shown
in the figure3.3b. Hence, the idea is that we consider the straight line (BX’) is
tangent to 4 ’s circle at point X, this leads us to the flow: [14]

AX’" L BX’, at point (X)

(Radius perpendicular to the tangent of the circle from the tangency point)

And also, XX’ = AB = d, BX = AX’ =R and mAX'B=mABX = n/2,
therefore, A ABX = A ABX', (Two sides and angle from the first triangle with two
sides and angle from the second triangle).

~mABX' =mXAB =«

And from triangle (ABX'), we can found the angles « and f3, as below.

o« = tan"}(R/d) , and (3.33)
f=T-o (3.30)

In this approach, there are two main states and four secondary states:-

3.4.1 Main states

1) -Using a new equation (3.3a) and equation (3.3b) in steps 6 and 7 of algorithm2

2) -Using a new dyext 1aw (dyext = d — T cos ) with state (1).

3.4.2 Secondary states
In this case, as shown in Figure 3.3b, we consider the points (M'and A), and the
points (M and B) which are matching, i.e. (M' = A), and (M = B) respectively.
Therefore, we can use equation (3.3a) and equation (3.3b) with equations (2.9) and
equation (2.10) to determine Area, and Area, and find a new four states as
follow:

=z

1) Using equation 3.3b ( 8 = S~ ) only, and equation 2. 9 (< = 2 * sin‘l(%))
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2) Using equation 3.3b ( g = g—oc ), and equation 2. 9 (x = 2 * sin‘l(%)) with
anew dy.,; law (equation 3.1).

3) Using equation 3.3a (o< = tan™'(R/d) ) only, and equation 2.10 (8 = (7 —
3x)/2

4) Using equation 3.3a (« = tan~1(R/d) ), and equation 2.10 (8 = (= — 3 x)/2,
with a new dy.,: law (equation 3.1).

3.5 Computing an average angular deviation 8

As shown in Figure3.4

X ‘ . Region 8 J
74 “effective” Region 4
P1s . =

Figure 3.4: Effective region

Hence, if we choose Anex: t0 be in the indicated "effective™ region of Region Ryex,
then we can obtain the highest transmission range for a given transmission power.
Moreover, the average angular deviation (8) which was computed by equation (2.5)
in [1] can be approximated as:

6=0.58 (3.4)
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In this approach, we got the main two advantages: the first is to avoid the
mathematical complexity and the second is to provide high power saving for CH
transmission range more than 30%. So that there are four states as follow:

1) Using 8 = 0.5 8 Instead of equation (2.5).

2) Using 6 = 0.5 8 with a new law of dyex in equation (3.1).

3) Using 6 =0.5p8 with decreasing Area (Rnex) i.e.x = tan 1(R/d), and
B = g—oc only.

4) Using 8 = 0.5 3, with decreasing Area Ryext (X = tan"(R/d), and § = g—oc)
with a new law of dyeyt.

Hence, all our modifications above of algorithm 2 in approach [1] will become like

follows:
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Algorithm 2: Procedure connect (4, d, K)

1. prob «1;
2. K0,
SR T
3 F«—E[r]=—g—f§ Z”’lf*_MRR 2.
4: while d > R do
5 K<K+1,
6: « €2tan"'(R/d);
7: ﬁt—-;-—oc,-
8 0~ 05«8;

9. dyee™ d—T cosb;
10: d d

Next »

11 s (2d+ R)f2;

12: mG—Js(s—d)z(S* R) ;

13 drea, + d® «/2 —u,;

2
14: Area, = RZ—B;

15: Area (Ry,.. ) = 2 ( Area, + Area, ),
16:1f K =1 then

17: prob « (1 — 7%= @Rxar Nprob;
18 else

19: a(R,,, ) + ((2K—3)T+ 2R)T 6,
20: prob «— (1— g hArea (Rygy prob,
21 endif

22: end while

23:1f d > 0 then

24K «—K+1;

25 end if

26: return prob

Figure 3.5: the modified version of algorithm 2
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3.6 CH- to- CH transmission power

We can find transmission power by using the following formula: [6]

Py =R? (3.5)
where, P45, the minimum transmission power required from node A to getaway B,
and R is the transmission range in (m), and therefore we can find the Power saving

percentage for minimum transmission ranges as follows:

Power saving %= (1 — I;’Vﬂ) X 100% (3.6)

old

where, P, is the transmission power calculated by using the approach of [1], and

Pyew 1S the transmission power calculated by using our approach of all cases above.

Furthermore, the minimizing energy consumed in the wireless networks extend the

network lifetime, but we didn’t seek to calculate it in this research.
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Chapter 4

NUMERICAL RESULTS

4.1 Casel: Main approach

We follow the approach in [1] by using Matlab to obtain the minimum CH
transmission ranges for various values of node density o (3 *1073,4%1073,5 *
1073,and 6 = 1073) with ensuring at least 95% connectivity probability (prob).
Hence, Figure 4.1 appears the probability of connectivity (Prob) as a function for the

CH transmission range (R) of the original approach in [1].

T | 1 T 1 1]

CPUtime=16.8417 sec

09

08

07

06

05

=80 node density = 0.003
~—p—node density = 0.004

| =9 node density = 0.005

End-10o- End connectivity probabilty (prob)

—¥—node density = 0.006

LE00. AR* | ] | 1
10 ) ) I’ 50 &0 0 80 @ 100
Range (R)
Figure 4.1: Connectivity probability versus R for the approach of [1] with different
values of node density 6
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As it can be seen from this figure, probability of connectivity (Prob) increases as the
CH range (R) increases, and also it increases as the density of nodes increases, this is
because when the range or node density increases, the chance of CHs to find next
hop is more, and hence, communication is more assured. Also, table 4.1 shows the
maximum CH transmission range for different values of node density ¢ with at least

95% connectivity probability.

Table 4.1: Maximum transmission range for different node density with at least 95%
connectivity probability (Prob)

Node density (o) Range R (m) Prob.
0.003 98 0.9618
0.004 84 0.9622
0.005 74 0.9602
0.006 67 0.9593

Hence, it can be noted that the maximum range is obtained at the lowest node density

and vice versa.
4.2 Case 2: New d e, law.

In this case, we used a New dyeyr 1aW ( dyexe = d — 7 cos 8) rather than the

equation 2.2 (dyext = Vi* +d? — 27d cos @ ) in step 10 of Algorithm2. Hence,
Figure 4.2 shows a connectivity probability (Prob) versus R with a new dnext’s law
for different density of nodes o. Moreover, it is clear that the probability of
connectivity (Prob) increases as the CH range (R) increases, and also it increases as

the density of nodes (o) increases.

32



T ] 1 1 1 1

CPUtime=15.3817 sec M

09
08k 4
: /’
4
S07F -
> )
3
-
% 08 .
-4 /
-
Z 05} /
B ! —O— node density = 0.003
b 04f ~—b— node density = 0.004
W
$ 03k =0~ node density = 0.005
°
(=
w —¥—node density = 0.006
02

01

-
-

10 2 £ & 20 &0 70 &0 QD 100
Range (R)

Figure 4.2: Connectivity probability versus R for a new dyex:’s law with different
values of node density o

Then we used equation (P, = R*) and equation (Power saving%= (1 — —’;"’ew) X
old

100%) to compute the value of power saving percentage at maximum CH
transmission ranges for various node density values o. Table 4.2 shows the power
saving percentage comparison for 95% connectivity (Prob) between the approach

of [1] and this approach.

Table 4.2: Power saving % comparison for 95% connectivity probability with a new

dNext
Main results [1] New dnex’s law
Node Range R (m) Prob. Range R (m) Prob. Power saving %

density

0.003 98 0.9618 95 0.9542 6.03
0.004 84 0.9622 82 0.9565 4.71
0.005 74 0.9602 73 0.9570 2.70
0.006 67 0.9593 65 0.9516 5.90
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It can be noted that our approach outperforms the approach of [1] by 2.70 - 6.03%
power saving. Hence, high power saving is 6.03% with reducing range R (3m) for
node density ¢ = 0.003, while low power saving % is 2.07% with reducing range R
(1m) for node density o = 0.005.

4.3 Case 3: Increasing area search (R yext)

In this case, there are two states as follow:

1- Using a new equations (x = tan"}(R/d), B = g—oc) to compute (8 and o) in
steps 6 and 7 of Algorithm. (2). Figure 4.3 shows the connectivity probability (Prob)
as a function of the CH range (R) for different density values 6. Moreover, it is clear
that probability (Prob) increases as the range R increases, and also it increases as the

density (o) increases.

1 1 | 1 1 I

T T

CPUtime=14.0245 sec
09} : ' -
08} .
07}k . - .

06}

05} :

—0— node density = 0.003

~—p——node density = 0.004

4

| =9 node density = 0.005

End -10- End connectivity probability (prob)

—¥—node density = 0.006

| | |
0 60 70 &0 0 100
Range ()

Figure 4.3: Connectivity probability versus R for increasing area with different
values of node density 6
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Then we used equation (P, = R? ) and equation (Power saving%= (1 - —i”ew) X
old

100%) to compute the value of power saving percentage at maximum CH
transmission range for different node density values . Table 4.3 shows the power
saving percentage comparison for 95% connectivity (Prob) between the approach of

[1] and this approach.

Table 4.3: Power saving % comparison for 95% connectivity probability with
increasing area

Node Main results [1] Increasing area: change (B and )
density only. Power saving,%
Range R(m) Prob. Range R (m) Prab.
0.003 98 0.9618 92 0.9518 11.87
0.004 84 0.9622 79 0.9510 11.55
0.005 74 0.9602 71 0.9532 7.94
0.006 67 0.9593 64 0.9503 8.76

It can be noted that our approach outperforms the approach of [1] by 7.94-11.87%
power saving. Hence, high power saving % is 11.87% with reducing range R (6m)
for node density o = 0.003, while low power saving % is 7.94% with reducing range
R (3m) for node density ¢ = 0.005.

2- Using a new dyexe 1aW ( dyexe = d — T cos 0') with state (1).

Figure 4.4 shows the connectivity probability (Prob) versus R for different density
values 6. Moreover, it is clear that probability of connectivity (Prob) increases as the

CH range (R) increases, and also it increases as the density of the nodes ¢ increases.
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Figure 4.4: Connectivity probability versus R for increasing area with a new dyex’s

law and different values of node density o

Then we used equation (P, = R* ) and equation (Power saving%= (1 — —P"’ew) X

Pola

100%) to compute the value of power saving percentage at maximum CH

transmission range (R) for different density values o. Table4.4 shows the power

saving percentage comparison for 95% Connectivity (Prob) between the approach of

[1] and this approach.

Table 4.4: Power saving % comparison for 95% connectivity probability with
increasing area and a New dyex.

Node Main results [1] Increasing area: change (8 and )
density with a new dnext’s law. Power saving %
Range R(m) Prob. Range R (m) Prob.
0.003 98 0.9618 92 0.9519 11.87
0.004 84 0.9622 79 0.9511 11.55
0.005 74 0.9602 71 0.9533 7.94
0.006 67 0.9593 64 0.9504 8.76
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It can be noted that our approach outperforms the approach of [1] by 7.94-11.87%
power saving. In this approach, increasing area search with a new dnext’s law gives
us transmission ranges (R) are lower than those in approach [1]. Also, high power
saving % is 11.87% with reducing range R (6m) for node density ¢ = 0.003, while
low power saving % is 7.94% with reducing range R (3m) for node density ¢ =

0.005.

Note that: Both states (1) and (2) gave us Ranges are lower than the results in [1]
and more power saving.

4.4 Case 4: Decreasing area search (Ryext)

In this approach, there are two main states and four secondary states:-

4.4.1 Main states

1- Using a new equations (x = tan"(R/d), B = g—oc) to compute (8 and o« ) in
steps 6 and 7 of Algorithm. (2). Figure 4.5 shows the Connectivity Probability versus
the CH range (R) for different density values o. Moreover, it is clear that the
probability (Prob) increases as the CH range (R) raises, and also it increases as the

density o increases.
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Then we used equation (P, = R* ) and equation (Power saving%= (1 — —P"’ew) X

Pola

100%) to compute the value of power saving percentage at maximum CH

transmission (R) for different density values of the nodes o. Table 4.5 shows the

power saving percentage comparison for 95% connectivity (Prob) between the

approach of [1] and this approach.

Table 4.5: Power saving % comparison for 95% connectivity probability with
decreasing area

Main results [1]

Decreasing area (8 and <)

Node density only. power saving %
Range R(m) Prob. Range R (m) Prob.
0.003 98 0.9618 92 0.9518 11.87
0.004 84 0.9622 79 0.9510 11.55
0.005 74 0.9602 71 0.9532 7.94
0.006 67 0.9593 64 0.9503 8.76
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For this approach, decreasing area search gives us transmission ranges are lower than
those in approach [1]. Also, we achieved 7.94-11.87% power saving. Hence, high
power saving is 11.87% with reducing CH range R (6m) for density o = 0.003, while
low power saving is 7.94% with reducing range R (3m) for node density ¢ = 0.005.
2- Using a Nnew dyexe 1aW (dyexe = d — 7 cos 0 ) with state (1).

Figure 4.6 shows the probability of connectivity (Prob) as a function of the CH
transmission (R) for different density values . Moreover, it is clear that the
probability (Prob) increases as the (R) increases, and also it increases as the density

value o increases.
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Figure 4.6: Connectivity probability versus R for decreasing area with a new dyex:’s
law and different values of node density o
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Then we used equation (P, = R? ) and equation (Power saving%= (1 - —i”ew) X
old

100%) to compute the value of power saving percentage at maximum CH range (R)
for various density values o. Table4.6 shows the power saving percentage
comparison for 95% connectivity (Prob) between the approach of [1] and this

approach.

Table 4.6: Power saving % comparison for 95% connectivity probability with
decreasing area and a Nnew Oext

Main results [1] Decreasing area: change
Node B and « with a new dnext’s | power saving %
density law.
Range R(m) Prob. Range R (m) Prob.
0.003 98 0.9618 92 0.9519 11.870
0.004 84 0.9622 79 0.9511 11.550
0.005 74 0.9602 71 0.9533 7.944
0.006 67 0.9593 64 0.9504 8.755

It can be noted that our approach outperforms the approach of [1] by 7.94-11.87%
power saving. In this approach, increasing area search with a new dnext’s law gives
us transmission ranges are lower than those in approach [1]. Also, high power saving
% is 11.87% with reducing range R (6m) for node density ¢ = 0.003, while low
power saving % is 7.94% with reducing range R (3m) for node density ¢ = 0.005.
4.4.2 Secondary states.
Using equation 3.3b (8 = g—oc) and equation 2.9 (x = 2 * sin‘l(%))

Figure 4.7 shows the connectivity probability as a function of the CH transmission
range R for different values of node density c. Moreover, it is clear that the

connectivity probability increases as the range R increases, and also it increases as

the node density increases.
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Hence, this Figure shows the maximum range (R) for various density values ¢ with

probability of connectivity (Prob) at least 95%. Then we used equation (P, = R?)

and equation (Power saving%= (1 — I;"’ﬂ) %X 100%) to compute the value of power
old

saving percentage at maximum transmission range for various density values o.
Table 4.7 shows the power saving percentage comparison for 95% connectivity

(Prob) between the approach of [1] and this approach.

Table 4.7: Power saving % comparison for 95% connectivity probability with
decreasing area (change f3)

Node Main results [1] Decreasing area: change
density only. \power saving %
Range R(m) Prob. Range R (m) Prob.
0.003 98 0.9618 92 0.9510 11.87
0.004 84 0.9622 79 0.9503 11.55
0.005 74 0.9602 71 0.9527 7.94
0.006 67 0.9593 65 0.9541 5.88
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It can be noted that our approach outperforms the approach of [1] by 5.88-11.87%
power saving. For this approach, decreasing area search (change ) only gives us
transmission ranges of CHs are lower than those in approach [1]. Hence, high power
saving is 11.87% with reducing range R (6m) for density value ¢ = 0.003, while low

power saving is 5.88% with reducing range R (2m) for density value o = 0.006.
2) Using equation 3.3b ( g = g—oc ), and equation 2.9 (x = 2 * sin‘l(%)) with a

NEW Aoyt 1AW (dyexr = d — T cos 0).
Figure 4.8 appears the Probability (Prob) as a function of the CH range R for various
values of the density o. Moreover, it is clear that the probability of connectivity

(Prob) increases as CH range R raises, and also it rises as the density value o rises.
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Figure 4.8: Connectivity probability versus R for decreasing area (change ) with a
new dyex: s law and different values of node density ¢
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Then we used equation (P, = R? ) and equation (Power saving%= (1 - —i”ew) X
old

100%) to compute the value of power saving percentage at maximum transmission
range of CH (R) for various values of density c. Table 4.8 shows the power saving
percentage comparison for 95% connectivity (Prob) between the approach of [1] and

this approach.

Table 4.8: Power saving % comparison for 95% connectivity probability with
decreasing area (change ) and a new dyext

Main results [1] Decreasing area: change 8
Node with new dyeye law. power saving %
density | Range R (m) Prob. Range R (m) Prob.
0.003 98 0.9618 92 0.9510 11.87
0.004 84 0.9622 79 0.9504 11.55
0.005 74 0.9602 71 0.9528 7.94
0.006 67 0.9593 65 0.9541 5.88

For this approach, decreasing area search (change ) with a new dyex: law gives us
transmission ranges of CHs are lower than those in approach [1]. Also, we achieved
5.88-11.87% power saving. Hence, high power saving is 11.87% with reducing range
R (6m) for density o = 0.003, while low power saving is 5.88% with reducing range
R (2m) for node density ¢ = 0.006.

3) Using equation 3.3a ( « = tan~1(R/d) ), and equation 2.10 (8 = (mr — 3 x)/2.
Figure 4.9 shows the probability of connectivity as a function of the CH range R for
different node density values c. Moreover, it is clear that the connectivity probability

increases as the range R increases, and also it increases as the node density increases.
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Then we used equation (P, = R* ) and equation (Power saving%= (1 — —P"’ew) X

Pola

100%) to compute the value of power saving percentage at maximum CH

transmission range for different node density values . Table 4.9 shows the power

saving percentage comparison for 95% connectivity (Prob) between the approach of

[1] and this approach.

Table 4.9: Power saving % comparison for 95% connectivity probability with

decreasing area (change «)

Node Main results [1] Decreasing area; change o
density only. power saving %
Range R (m) Prob. Range R (m) Prob.
0.003 98 0.9618 94 0.9516 8.00
0.004 84 0.9622 80 0.9505 9.30
0.005 74 0.9602 71 0.9500 7.94
0.006 67 0.9593 65 0.9519 5.88
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It can be noted that our approach outperforms the approach of [1] by 5.88-11.87%
power saving. For this approach, decreasing area search (change «) gives us
transmission ranges are lower than those in approach [1]. Hence, high power saving
is 9.30% with reducing range R (4m) for density o = 0.004, while low power saving
% is 5.88% with reducing range R (2m) for node density ¢ = 0.006.

4) - Using equation 3.3a (< = tan"1(R/d) ), and equation 2.10 (8 = (m — 3 x)/2,

With a new dyext 1aW (dyexr = d — T cos 9).

Figure 4.10 shows the connectivity (Prob) as a function of the CH range R for
various density values c. Moreover, it is clear that the probability (Prob) increases as

the CH range R increases, and also it increases as the density value o increases
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Then we used equation (P, = R? ) and equation (Power saving%= (1 - —PNeW) X

Pola

100%) to compute the value of power saving percentage at maximum CH

transmission range for various values of node density c. Table 4.10 shows the power

saving percentage comparison for 95% connectivity (Prob) between the approach of

[1] and this approach.

Table 4.10: Power saving % comparison for 95% connectivity probability decreasing
area (change «) and a new dnext

Main results [1]

Decreasing area: change o«

Node with new dyeye law. power saving %
density | Range R(m) Prob. Range R (m) Prob.

0.003 98 0.9618 96 0.9516 4.04
0.004 84 0.9622 80 0.9505 9.30
0.005 74 0.9602 72 0.9500 5.33
0.006 67 0.9593 65 0.9519 5.88

In this approach, decreasing area search (change oc) with a new dex: law gives us

transmission ranges of CHs are lower than those in approach [1]. Also, we achieved

4.04 -9.30% power saving. Hence, high power saving is 9.30% with reducing range

R (4m) for density ¢ = 0.004, while low power saving is 4.04% with reducing range

R (2m) for density ¢ = 0.003.

4.5 Case5: New computing the average angular deviation 0.

In this approach, we use equation (8 = 0.5 B) Instead of equation (2.5)

(g = o

2

0 72 - sin(26)

2
2

fOBe_ZA[

g Y

0 72 -r stn(20)

2
z Tae

0 :
d ) to find four states as follow:

1) - Using a new law for @ (& = 0.5 8) Instead of equation (2.5).

Figure 4.11 shows the Probability as a function of the CH transmission range R for

different values of node density o. Moreover, it is clear that the connectivity

probability increases as the range R increases, and also it increases as the node

density increases.
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Then we are used equation (P, = R?) and equation (Power saving%=

(1 — ';”ﬂ) % 100%) to compute the value of power saving percentage at maximum
old

CH range for various values of density o. Table 4.11 shows the power saving
percentage comparison for 95% Connectivity (Prob) between the approach of [1] and

this approach.

Table 4.11: Power saving % comparison for 95% connectivity probability with a new

law for 6
Node Main results [1] Using a new law for (6)
density Power saving
Range R (m) ‘ Prob. Range R (m) Prob. %
0.003 98 0.9618 84 0.9521 26.53
0.004 84 0.9622 74 0.9636 22.39
0.005 74 0.9602 64 0.9555 25.20
0.006 67 0.9593 58 0.9556 25.06

For this approach, using a new law for 8 gives us transmission ranges of CHs are

lower than those in approach [1]. Also, achievement 22.39- 26.53 % power saving.
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Hence, high power saving is 26.53 % with reducing CH range R (14m) for density ¢
= 0.003, while low power saving is 22.39% with reducing CH range R (10m) for
density o = 0.004.

2)-Using a new law for 8 (8 = 0.5 ) with a new law of dyeye (Ayexe = d —

Tcosh).

Figure 4.12 appears the probability of connectivity (Prob) as a function of the CH
range R for various values of density . Moreover, it is clear that the connectivity
(Prob) increases as the transmission range of CH (R) increases, and also it increases

as the density o increases.

T T
CPUtime=0.6552 sec

03

A
// _

06+ -

08F

05
—O— node density = 0.003

041 ———— node density = 0.004

03}k —o—— node density = 0.005

End to- End connectivity probability (prob)

—¥— node density = 0.006

02t
01 -

0 2 0 1] 20 610 70 E;D 0
Range (R)
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This Figure shows the maximum CH range for various values of density ¢ with

Connectivity (Prob) at least 95%. Then we are used equation (P, = R? ) and
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equation (Power saving%= (1 — I;’Vﬂ) X 100%) to compute the value of power
old

saving percentage at maximum CH transmission range (R) for various values of
density o. Table 4.12 shows the power saving percentage comparison for 95%

connectivity (Prob) between the approach of [1] and this approach.

Table 4.12: Power saving % comparison for 95% connectivity probability a new law
for6 and a new dpex:.

Node Main results [1] Change (0 ) with new law of
density Ayext Power saving
Range R (m) | Prob. Range R (m) Prob. %
0.003 98 0.9618 88 0.9574 19.37
0.004 84 0.9622 71 0.9500 28.56
0.005 74 0.9602 65 0.9516 22.85
0.006 67 0.9593 59 0.9520 22.46

For this approach, using a new law for 8 with new law of dy., gives us
transmission ranges of CHs are lower than those in approach [1]. Also, we achieved
19.37- 28.56 % power saving. Hence, high power saving is 28.56 % with reducing
CH range R (13m) for density o = 0.004, while low power saving is 22.46% with
reducing CH range R (10m) for density ¢ = 0.003.

3) Using a new law for 8(8 = 0.5 B) with decreasing area search (change oc and B),(

x = tan"'(R/d)and B = g—oc).

Figure 4.13 shows the Connectivity (Prob) as a function of the transmission range of
CH (R) for various values of density c. Moreover, it is clear that the connectivity
probability increases as the range of CH (R) increases, and also it increases as the

value of density o increases.
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This Figure shows the maximum range for various node density values o with

Connectivity (Prob) at least 95%. Then we are used equation (P, = R? ) and

equation (Power saving%= (1 -

PNew

)x 100%) to compute the value of power
Poia

saving percentage at maximum transmission range (R) for various values of density

o. Table 4.13 shows the power saving percentage comparison for 95% Connectivity

(Prob) between the approach of [1] and this approach.

Table 4.13: Power saving % comparison for 95% connectivity probability with a new

law ford and decreasing area (change oc and ).

Node Main results [1] Change (0 ) and area search _
density (B and «) Power saving
RangeR(m) | Prob. Range R (m) Prob. o
0.003 98 0.9618 81 0.9520 31.70
0.004 84 0.9622 70 0.9544 30.56
0.005 74 0.9602 62 0.9528 29.80
0.006 67 0.9593 56 0.9501 30.14
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In this state, using a new law for 8 and decreasing area search (change o and £ )
gives us transmission ranges of CHs are lower than those in approach [1]. Also,
achievement 29.80- 31.70 % power saving. Hence, high power saving % is 31.70 %
with reducing range of CH (R=17m) for density o = 0.003, while low power saving
% is 29.80%with reducing range of CH (R=12m) for density o = 0.005.

4) Using a new law forf (8 = 0.5 ) with decreasing area search (change « and f),

(x= tan"'(R/d) and B = g—oc ), with a new law of dnext. (dyexe = d — T cos 8).

Figure 4.14 appears the Connectivity (Prob) as a function of the transmission range
R for various values of node density . Moreover, it is clear that the connectivity
(Prob) increases as the range R of CH increases, and also it increases as the density

o increases.
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Then we used equation (P, = R? ) and equation (Power saving%= (1 - —I;N“’W) X
old

100%) to compute the value of power saving percentage at maximum CH
transmission range (R) for various values of density o. Table 4.3 shows the power
saving percentage comparison for 95% Connectivity (Prob) between the approach of

[1] and this approach.

Table 4.14: Power saving % comparison for 95% connectivity probability with a new
law for®, dnex and decreasing area (8 and «)

Change (0) and area search
Node Main results [1] (B and «) with new law of dy,,,. | Power saving %
density
Range R (m) Prob. Range R (m) Prob.

0.003 98 0.9618 81 0.9520 31.70
0.004 84 0.9622 70 0.9544 30.56
0.005 74 0.9602 62 0.9528 29.80
0.006 67 0.9593 56 0.9501 30.14

For this approach, using a new law for 8 and decreasing area search (change « and
B ) with a new dnex: law gives us transmission ranges of CHs are lower than those in
approach [1]. Also, we achieved 29.80- 31.70 % power saving. Hence, high power
saving % is 31.70 % with reducing the maximum range of CH (R=17m) for density ¢
= 0.003, while low power saving % is 29.80%with reducing range (R=12m) for

density o = 0.005.
4.6 Comparison for the power saving and transmission ranges

As shown in Table 4.15, we compare between all the numerical results proposed in
our approaches with the approach [1] for different node density values ¢, according
to power saving% and reducing the maximum range value with ensuring at least
95% probability of connectivity. It can be noted that our approaches outperforms the
approach of [1] by (2.70 — 31.70) % power saving through reducing value in CH

transmission range (1-17) m of the backbone nodes in a multihop wireless networks.

52




Table 4.15: Comparison for power saving % and reducing range value (m) with 95%
connectivity Prob for different values of node density o

Power saving % for different Reducing Range (m) for
N State node density different node density

0.003 | 0.004 | 0.005 | 0.006 | 0.003 | 0.004 | 0.005 | 0.006

1 New dnext law | 6.03 | 4.71 5.90 3 2 2

2 | Increasingarea | 11.87 | 1155 | 7.94 | 8.76 6 5 3 3
search

Increasing area
3 search with new | 11.87 | 11.55 7.94 8.76 6 5 3 3
dnext law

4 Decreasing area | 11.87 | 11.55 | 7.94 | 8.76 6 5 3 3
search

Decreasing area
5 | searchwithnew | 11.87 | 11.55 | 7.94 | 8.76 6 5 3 3
dnext law

Decreasing area
6 | searchchange p | 11.87 | 11.55 | 7.94 | 8.76 6 5 3 2
only

Decreasing area
7 search change | 11.87 | 1155 | 7.94 | 8.76 6 5 3 2
B with new
dnext law

Decreasing area
8 | search change « | 8.00 | 9.30 7.94 | 5.88 4 4 3 2
only

Decreasing area

9 search change

(<) with a new
dnext law

9.30 533 | 5.88 2 4 2 2

10 | New law of () | 26.53 | 22.39 | 25.20 | 25.06 10 10 9

New law of ()
11 | withanewlaw | 19.37 | 28.56 | 22.85 | 22.46 | 10 9 8

of dyext

New law of ()
12 | with decreasing | 31.70 | 30.56
area search

30.14 | 17 14 12 11

New law of (0)

13 | and dyey: With | 31.70 | 30.56

decreasing area
search

30.14 | 17 14 12 11
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4.7 CPU time comparison

As shown in Table 4.16, we compared the required CPU time for our approach with
the approach in [1]. It can be seen that our approach requires much less computation
CPU time than the original approach of [1] through reducing CPU time from 16.94

secto 0. 61 sec.

Table 4.16: Cputime comparison between our modified versions and original
approach [1]
State CPU time for original CPU time for our
approach [1] (sec) modified version (sec)

16.9417 0.6084

New law of (0) and d e
with decreasing area search
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Chapter 5

CONCLUSION

Transmission range assignment in WSNs is an important issue which affects the
transmission power and connectivity of the nodes. Therefore, the main goal is to
ensure high connectivity probability (Prob) with minimum transmission range (R) so
that data delivery and energy conservation are both done. In this thesis, we followed
a similar analytical approach given “in [1] to assign the minimum transmission range

with at least 95 % connectivity probability (Prob).

Our approaches differ from the approach for [1] in two different sides: 1) we used a
simpler mathematical model; 2) we maintained the same connectivity probability
(Prob) with smaller transmission ranges of CHs, which means more power saving

and hence longer life time of the nodes.

In summary, the numerical results confirm that our proposed approaches are more
effective in extend the network lifetime and achieve (2.70 — 31.70) % power saving
through reducing CH transmission range (1 — 17) m of the backbone nodes in a
multihop wireless sensor networks for different values of node density o (3 *
1073,4%1073,5% 1073, and 6 » 1073) with ensuring at least 95% connectivity

probability (Prob) for delivery of data to its distention.
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Future work

We will follow these Suggestions in the future as bellow:

e Using a simpler mathematical model to avoid the complex integrations for
computing the average propagation distance (7).

e Rearrangement of algorithm 2 in approach [1]. Namely exchange the positions of

6 and T to obtain a simpler mathematical models
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Appendix A: Matlab code for Algol, the transmission range (R) [1]

%% MATLAB Code for Transmission Range assignment
% % By ABD ALI HUSSIAN
% % TIME STARTING WITH PROGRAMING IS 10\11\2013
t=cputime;
sigmma= [0.003, 0.004, 0.005, 0.006];
Forj =1:4;
sigmma (j);
Array R=[];
Array Prob=];
R=10;
P=0.1;
Lamda = P.*sigmma (j);
d=500;
Prob =connect (lamda, d, R);
k=1;
Array Prob (k)= Prob;
Array R (k)=R;
While Prob <.95

R=R+1;
Prob =connect (lamda, d, R);

If prob > Array prob (k)

k=k+1;
Array R (k) =R;
Array prob (k) = Prob;

End
If prob>.95
Break;
End
End
If j==1
Plot (Array R, Array Prob,-ms',...
'Line Width",2,...
"Marker Edge Color *,'K",...
'Marker Face Color',[.49 1 .63],...
'Marker Size',5)
End
If j::
Plot (Array R, Array Prob,-m>",...
‘LineWidth',2,...
'Marker Edge Color *,"K",...
"Marker Face Color’,[.49 1 .63],...
"Marker Size',5.5)
End
If j::
Plot (Array R, Array Prob,-mo’,...

'Line Width",2,...
"Marker Edge Color *," k ',...
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‘Marker Face Color’, [.49 1 .63],...
'Marker Size',5

End

If j::

Plot (Array R, Array Prob," -mx,...
'Line Width', 2,...
‘Marker Edge Color *,"K",...
'Marker Face Color',[.49 1 .63]....
‘Marker Size',8)

End

hold all; % plot and save previous plot (more than curve)
grid on; % Turn on grid lines for this plot
End
e = cputime-t;
text (14, 0.95, [[CPUtime=",num2str(e)," sec], 'Color’, ‘black’,'FontSize',14);

Appendix B: Matlab code for Algo.2, the Procedure connect (4, d, R) [1]

Function [Prob] = connect (lamda, d, R)

%% Measurement end-to-end connectivity probability (Prob)
Prob=1,;

r=0: R; % initial value of hope redus

K=0; % number of CH-hope distance

% rdash % average propagation distance

%%%% fun= 2.*pi.*(r.~2)*lamda.*exp(-lamda.*pi.*(r."2));
fun= @(r) (2.*pi.*(r.~2).*lamda).*exp(-1.*lamda.*pi.*(R."2 -r."2));
g=integral (fun, 0, R);

z=1-exp (-1.*lamda.*pi*R"2);

rdash= g/z;

While d>R

K=K+1;

alffa= 2.*asin (R/(2.*d));

betta= (pi-3.*alffa)/2;

%theta= 0; %angular deviation about line [AB]

%theta= 0: betta;

funl= @ (theta) exp (-lamda.*(0.5).*(theta.*(rdash."2) -
(0.5).*(rdash.”2).*sin(2.*theta)));

c=integral (funl,0,betta);

fun2=@ (theta) theta.*exp (-lamda.*(0.5).*(theta.*(rdash.”2) -
(0.5).*(rdash.”2).*sin(2.*theta)));

w= integral (fun2, 0, betta);

thetadash= w/c;

dnext= sqrt ((rdash.”2)+(d.”2)-2.*rdash.*d.*cos(thetadash));
d=dnext;

s=0.5.*%(2.*d + R);

a=sqrt (s.*((s-d).*2).*(s-R));

Areal=abs (0.5.*((d.”2).*alffa)-a);

Area2=0.5.*%(R."2).*betta;

AreaRnext=2.*(Areal+Area2);
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If (K==1)
Prob= (1-exp (-1.*lamda*AreaRnext)).*Prob;
Else
AreaRnew=((2.*K-3).*rdash+2.*R).*rdash.*thetadash;
Prob= (1-exp(-1.*lamda.*AreaRnew)).*Prob;
End
End
If (d>0)
K=K+1;
End

Appendix C: Matlab code for Algo 1, the transmission range (R) [our
approach]

t=cputime;
Sigmma= [0.003, 0.004, 0.005, 0.006];
Forj=1:4;
sigmma (j);
Array R=[];
Array Prob=];
R=10;
P=0.1;
Lamda = P.*sigmma (j);
d=500;
Prob =connect (lamda, d, R);
k=1;
Array Prob (k)= Prob;
Array R (k)=R;
While Prob <.95
R=R+1;
prob =connect(lamda, d, R);
If prob > Array prob (k)
k=k+1;
Array R (k) =R;
Array prob (k) = Prob;

End
If prob>.95
Break;
End
End
If j==1
Plot (Array R, Array Prob,-ms',...
'Line Width",2,...
'Marker Edge Color *,"K",...
"Marker Face Color’,[.49 1 .63],...
‘Marker Size',5)
End
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If j::

Plot (Array R, Array Prob,-m>',...
'LineWidth',2,...
'Marker Edge Color *,"K",...
‘Marker Face Color',[.49 1 .63],...
"Marker Size',5.5)

End

If j::

Plot (Array R, Array Prob,-mo’,...
'Line Width",2,...
‘Marker Edge Color *," k ',...
'Marker Face Color', [.49 1 .63],...
‘Marker Size',5

End

If j::

Plot (Array R, Array Prob," -mx’,...
‘Line Width', 2,...
'Marker Edge Color *,'K",...
'Marker Face Color',[.49 1 .63],...
'Marker Size',8)

End

hold all; %plot and save previous plot (more than curve)
grid on; % Turn on grid lines for this plot

End
e = cputime-t;
text (14, 0.95, [[CPUtime=",num2str(e), sec], 'Color’, ‘black’,'FontSize',14);

Appendix D: Matlab code for Algo. 2, the Procedure (connect (4, d, R))
[our approach]

Function [Prob] = connect (lamda, d, R)

%% Measurement end-to-end connectivity probability (Prob)
Prob=1,;

r=0: R; % initial value of hope redus

K=0; % number of CH-hope distance

% rdash % average propagation distance

%%%% fun= 2.*pi.*(r.”2)*lamda.*exp(-lamda.*pi.*(r."2));
fun= @(r) (2.*pi.*(r."2).*lamda).*exp(-1.*lamda.*pi.*(R.A2 -r.*2));
g=integral (fun, 0, R);

z=1-exp (-1.*lamda.*pi*R"2);

rdash=q/z;

While d>R
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K=K+1;
alffa=atan(R/d);
betta=(0.5.*pi)- alffa;
%theta=0; %angular deviation about line [AB]
%theta=0: betta;
thetadash= 0.5.*betta;

dnext= d-rdash.*cos(thetadash);
d=dnext;

s=0.5.*%(2.*d+R);

a=sqrt (s.*((s-d)."2).*(s-R));
Areal= abs (0.5.*((d."2).*alffa)-a);
Area2=0.5.*(R."2).*betta;
AreaRnext= 2.*(Areal+Area2);

Prob= (1-exp (-1.*lamda*AreaRnext)).*Prob;
Else
AreaRnew= ((2.*K-3).*rdash+2.*R).*rdash.*thetadash;
Prob= (1-exp (-1.*lamda.*AreaRnew)).*Prob;
End
End
If (d>0)
K=K+1;
End
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