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ABSTRACT

OPTIMIZING ENERGY CONSUMPTION IN WIRELESS SENSOR
NETWORKS BY USING LINEAR PROGRAMING EQUATIONS

SABIR, Zaid Raad Sabir
M.Sc. Department of Computer Engineering
Supervisor: Asst. Prof. Sibel TARIYN OZYER

February 2017, 52 pages

Wireless Sensor Networks (WSNs) it is set of sensors deployed in a specific
geographic area to sensing particular action, then relays the data to one or more base
station to manage it and take actions. Sensors are tiny devices supported with limited
power source generally, represented by the battery. These sensors are designed to
work in unattended fields for a long time months or years. So sensor life is the most
important factor in the network. We have to extend sensor lifetime as much as
possible to prolong the network lifetime. Hence the network lifetime can be defined
as a time from running the network till they die off first nodes in the network.
Therefore, we try to make energy consumption in the network that is controlled and
balanced among sensors, avoiding dies one or more sensor before the others. Many
methods and manners can be used to save energy and improve network lifetime, such
as data aggregation, mobile nodes, transmission power control, node deployment,

and clustering.
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In this thesis, the problem of “unbalance energy consumption” has been studied to
maximize network lifetime as much as possible in the wireless sensor networks. In
such networks, all sensor nodes collect and transmit data to one base station through
multi-hop communications. The nodes deployment is uniform. This situation
generates heavy traffic load in the nodes near to the base station. In this study, a
linear program (LP) method has been studied for modeling the theoretical features of
the uniform node distribution strategies in wireless sensor networks. Our results
indicated that node deployment and base station location have significant effects on
the energy consumption of sensor nodes. Proposed node deployment models can
affect the energy consumption and can balance energy depletion between sensor

nodes.

Keywords: Wireless Sensor Network, Network lifetime, Node deployment, Linear
Programing.

vii



0z

KABLOSUZ ALGILAYICI AGLARDA DOGRUSAL PROGRAMLAMA
DENKLEMLERI KULLANARAK ENERJI TUKETIiMi EN iYILEMESI

SABIR, Zaid Raad Sabir
Yiiksek Lisans, Bilgisayar Miihendisligi Anabilim Dali
Tez Danismant: Yrd. Dog. Dr. Sibel TARIYAN OZYER
Subat 2017, 52 Sayfa

Kablosuz Algilayict Aglar (KAA), belirli bir cografi alanda dagilmis ozel isi
algilama olan sensorler kiimesidir, ayrica veriyi yonetebilmek ve is yapabilmek i¢in
bir ya da daha fazla baz istasyonuna veriyi aktarir. Algilayicilar, genellikle sinirl
enerji kaynaklari ile destekli ¢cok kiiciik aygitlardir. Bu algilayicilar, uzun bir zaman
aylar ya da yillar gozetimsiz alanlarda calismak i¢in tasarlanmistir. Dolayisi ile
algilayict yasami, agda en 6nemli faktordiir. KAA yasam Omriinii uzatabilmek i¢in
algilayict yasam Omriinii miimkiin oldugu kadar fazla uzatmak zorundayiz. Bunun
sonucu olarak, ag yasam stiresi ilk diigiim 6liinceye kadar agin ¢alisma zamani olarak
tanimlanabilir. Buna bagl olarak, bir algilayicinin digerlerinden once O6lmesini
engelleyerek, agdaki algilayicilar tarafindan control edilen ve dengelenen enerji
tikketimini saglamaya c¢alismaktayiz. Enerjiyi korumak ve ag yasam siiresini artirmak
i¢in; veriyi bir araya getirme, gezici diiglimler, gii¢c control iletimi, diigiim dagilim

ve kiimelenme gibi bir ¢gok yontem ve usuller kullanilabilir.
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Bu tezde, kablosuz algilayici aglarda “dengelenmemis enerji tiketimi” mimkun olan
en biiylik dereceye yiikseltilmesi calisilmistir. Bu tarz aglarda, tiim algilayici
diigiimler veriyi baz istasyonuna ¢oklu sekme vasitasi ile toplarlar ve iletirler.
Diigiim dagilimi genis 6l¢iide tek diizedir. Bu durum baz istasyonu yakininda yogun
trafik yilikii yaratir. Bu c¢aligmada, tekdiize diiglim dagilimi stratejileri teorik
Ozelliklerini modellemek icin Dogrusal Programlama (DP) yontemi g¢alisilmistir.
Calismalarimiz, algilayici diiglimlerin enerji tiiketiminde; diiglim dagilimi ve baz
istasyonu yerinin onemli ekilere sahip oldugunu belirtmektedir. Onerilen diigiim
dagilim modelleri, algilayici diiglimler arasinda enerji tiiketimini etkileyebilir ve

enerji eksilmesini dengeleyebilir.

Anahtar Kelimeler: Kablosuz algilayici aglar, Network yasam siiresi, Diigiim

Dagilimi, Dogrusal programlama.
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CHAPTER 1

INTRODUCTION

Sensors exist in every place. Sensors used in tools, industry, and even in the smart
phones. Although, that the sensors around us, researchers did not do research on WSNs
till 1980.The wireless sensors manufactured in 2001, then it used in industrial and many
fields.

A sensor networks can be described by a set of sensor node working with each other to
collect information by sensing surroundings. Then the base station will receive these
data from nodes to make a specific action. The expansion in memory, processor, radio
technology, as well as the low price of manufacture IC, led to the widespread use of the
sensors in WSNE.

Wireless Sensor Networks firstly used in the military side like most of the new
engineering sciences in the universe. Then this technology deployed in a broad scope of
civilian side, it entered in many applications like environmental monitoring, habitat
monitoring, home, structural monitoring and wellness monitoring. Wireless sensor
network extremely used for the important reason that the sensor is smaller and

production costs have become fewer.

The primary challenge in WSNSs is the energy consumption. A sensor node is very small
and the battery is the energy origin in it. The applications of sensor networks demand a
long network lifetime, but as we know that the capacitance of the batteries limited, this
is one of the critical challenges in the design of the wireless sensor network, how to

manage the energy in an efficient way because, we cannot change the batteries of 100 -



1000 sensors in the network. On the other hand, nodes are distributed in unreachable
places in some applications. From this we conclude: energy consumptions in a sensor
must be strictly supervised for limitation in its energy. The running time in sensor
related with the amount of its energy that effect on network lifetime. Finally, the

network will stay active till the first node finished its energy.

1.1 Thesis Motivation

Our goal of this study is to maximize the Wireless Sensor Network’s lifetime, to satisfy
this aim each node in the network have to use its energy accurately during execute its
job. Moreover, the degree of energy used up in all nodes has to be devised. The energy
level for all nodes has to reduce concurrently, to take advantage of the energy in the
node's battery. Optimization applied to balance the energy depletion in sensor nodes to
avoid dies node before the others. This optimization contributes to maximize the

lifetime of the sensor network.

Sensors perform three different jobs during its lifetime. First one is accomplishing the
sensing task of collecting sensed data. Second, sometimes it doing some cognitive
process or execute some algorithms before the succeeding tone. Third, it delivers the
data to sink. In WSNs the data in sensors have to deliver to the base station this action
can be direct if the sink is in the range of sensing or the data delivered hope by hope till
reaching the sink. In nodes energy consumed in many actions such as sensing,

transmitting its data, and relying data coming from other nodes.

The node deployment model is too important in WSNs lifetime. If the sensor
deployment was careless the energy consumers will be random also this deployment will
cause unbalancing in energy consumers. So some nodes will use its battery faster than
other nodes, which caused die the network quickly. In sensor networks generally, the
node deployment either deterministic or random. In parallel random deployment also
divided into two type uniforms and non-uniform deployment models. From here we will
use random deployment as well as optimization theory for saving energy and expand the

network lifetime.



1.2 Thesis Contributions

In our thesis, we contribute to three factors. Firstly, we deployed sensor node on linear
area methodically. To observe the effects of length between the base station and clients
along the network lifetime and finding the maximum network lifetime for every
scenario. Secondly, this chair also applied to a linear area, but this time to find the data
flow between nodes and base station and its effect on network lifetime. Thirdly,
contribute in finding optimum network lifetime but this time applied to the two-
dimensional area (Circular area). This result has found by using specific linear

programing equations.

1.3 Organization of Thesis

Our thesis consists of six chapters:

Chapter One is the introduction

Chapter Two explains the components of WSNs to give information to the reader.

Chapter Three explains unbalancing energy consuming problem in WSN energy
consumption and presents literature survey the solution for these problems.

Chapter Four presents the Optimization and it’s used for wireless sensor networks.

Chapter Five applies our model to maximize the network lifetime.

Chapter Six, concludes our study.



CHAPTER 2

BACKGROUND INFORMATION ABOUT WIRELESS SENSOR NETWORKS

2.1 Introduction

The Wireless sensor networks consist of a specific number of nodes, each one supplied
with a wireless interface connected and interconnected to each other. The size of the
sensing area varies according to the application and geographic region that coverage, it
can be a meter to thousands of kilometers. The main impact of the WSN is through the
spread coordinated of sensing, processing, and networking by all the sensor nodes, these

ways helps to overcome the limitations in resources of each node.

The operation and design of a WSN encompass several fields, such as, embedded
systems, network, database management, distributed algorithms, digital signal

processing, data acquisition, and distribution methods.

Size, power, and cost of the sensor node is not fixed. They are based on the type of
sensors and the applications. Node's properties such as, flexibility and scalability, allow
them to deploy efficiently in any environment for the purpose of monitoring through
sensing. They are specially designed to operate in limited maintenance; this makes them

suited for critical environments.

During the study of WSNs, we have to focus on important factors related with nodes

such as, the architecture, types, utilize and deployment.



2.2 Architecture for Wireless Sensor Nodes

The architecture of a sensor node shown in the Figure 1. The ingredients and many

details had explained, about components of wireless sensor networks [1].

Transceiver

_ Sensor 1
: ! |
L)
| =
3 >
VN — Micro -Controller ¢ ADC
g A
g

Sensor 2

External Memory

Figure 1 Architecture for Wireless Sensor

2.2.1 The Microcontroller

It is used to execute a set of operations in the nodes such as control and process. The
Microcontroller is cheap, easy in installed and program, and consumes very low energy,
so it is used in a wide range of systems one of them is sensor nodes. The Microcontroller
used instead of microprocessors because it usually needs a lot of energy as a comparison

with the Microcontroller. Therefore, it is suitable to use in sensor nodes.



2.2.2 The Sensor

It is device respond to specific physical changes in the environment, according to a
physical condition in its design. Moreover, it produces electrical signals according to
event. The sensing is environmental parameters such as, motion, gas, and light. Sensors
transfer the sensing information to an analog signal, then transfer it to a digital signal.
The information represented by digital signal sends to the microcontroller. The
converting process is performed by using Analog to Digital Converter (ADC). Sensors

are small in size and have to use as less as possible of the battery.

2.2.3 Power Unit

Batteries are the most common energy source in nodes. Solar panels or renewable
technology is used to recharge batteries to support all parts of nodes by energy and

extend its lifetime.

2.2.4 The Memory

Generally, nodes used memory in the microcontroller due to energy limitation. External
memory also used in sensors and the most memories used are flash memory because of
its cost and storage capacity. RAM used as Previous Programing memories also

employed in sensor node. These Memories used for storing configuration and sets.

2.2.5 The Transceiver

It is responsible for sending and receiving data as a signal. It works in many modes
transmit, receive and sleep mode. The transmission mode is most power consumption

modes.



The transmission medium that allowed to use is RF, laser or infrared. Lasers are the
lowest energy consumption, but it has to work in the specific conditions, for example,
need a special foundation also sensitive to environmental conditions but this
environment very rare to get. Infrared, do not need an antenna, but it has problems with
the limit of broadcasting capacity. The most used transmission medium in wireless
communication are radio frequency and use set of free frequencies license. In a wireless
sensor node, power consumed in three tasks sensing, data processing, and

communication. Data communication hugely consumed power.

2.3 Types of Sensors

Sensors are the medium that communicates the physical world with a conceptual world
(processing unit). It is the most important part of the network. It detects several types of
physical state of the environment. The sensors can be classified according to type of

transferring signals [2].

Sensors used optical radiation

These types of sensors depend on optic as a signal to transfer the data that sensed.

Sensors used radiation
This type of sensors generates electromagnetic signals to transfer the objective, it works

depending on the measuring the reflected wave.

Sensors used light or leaser
It works depending on modulation the incoming light or laser then modulate it, an array
of pixel competent of sensing the phase of the incoming light according to time,

distance, alpha, between sensor and light.

Mechanical sensors

There are set of mechanical sensors such as pressure, gas, water meter, mass and liquid.



Thermal sensor

This type of sensor used to calculate the temperature.

Heat sensor

This type used to greed the heat of the environment or some manufacture parts.

Acoustic sensors

This type used for sensing sound microphones.
2.4 Protocol Stack for WSNs
In a wireless sensor network, the stack is like a network standard. But it has three extra

levels to the seven levels of the OSI model. These three levels are (power, mobility, and

task) management plane as shown in the Figure 2 [3].
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Figure 2 Wireless Sensor Network Protocol Stack



The standard layers of WSN:
The physical layer
Data link layer
Network layer
Transport layer
Session layer

Presentation layer

N a s~ wDd e

Application layer

The Extra three plans:
1. The power management plane: It is responsible for taking action depending on
power exhausted of the sensor.
2. Mobility management plane: It responsible for making sure that there is a route
to next node as well as movable nodes.

3. Task management plane: It is responsible for controls and processing of data.

2.5 Flowchart for Operation Sensor in the Node

The sensing operation of the sensor is not random, but depends on scientific studies and
rules. After sensing any type of physical state, in the microcontroller the signal will
change to the data. The computed data have to be compared with specific data which is
a threshold. According to comparison, if the data bigger or equal to threshold the data
will take action like a flashlight, turn alarmed, close, open etc. In WSNs the data will
transfer to the base station. But if the sensed value less than the threshold so the data

will cancel. As shown in the Figure 3 [4].



Value= read

NO YES

If Value =
Threshold
value

. 4
Only send packet to neighbor, Send a packet to Neighbor,
Not allow to route data Can use nodes as routing

k4

Sleep (cycle_ period) Li

Figure 3 Flowchart of the Sensor Operations [4]

2.6 Topologies used for Data Aggregation in of WSN

In WSN several of topologies can be done for data aggregation and delivered. The
topologies are Chain, Tree, as well as Star. Data Aggregation topologies used to
improve many properties in the network. Such as data transfer accuracy, data collection,
and data transfer. In WNS the amount of lost data is high, so collection data techniques
is important to make the value of redundancy less. significant algorithms used for

deploying nodes over sensing area, as shown in the Figure 4 [5].
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Sink Node

a) Star WSN topology b) Tree WSN topology c) Chain WSN topology

Figure 4 Wireless Sensor Network Topologies

2.7 Wireless Sensor Network Standard and Statistics

The standard 802.15.4 specified by IEEE, used for applications, managements, and
protocols WSN. The wireless sensor network processes are different if we compared it
with a traditional network. For instance architecture of the network, the power used,
distribution of nodes, the field of work, the volume of the project, the site from that type

and medium of the transmission signal [6].

According to ON World, we notice the growing in WSNs is huge quite dramatically last
years, on the scope of the hardware and the network in general. Hence, the used of this
technology in manufacturer in last years increased by more than 600%. The number of
devices which used the technology of WSNs 25 Million devices in different fields, as
shown in the Figure 5 [7].
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Figure 5 Global industrial field instrument shipments, wired and wireless
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Figure 6 WSN revenue growths in all industries

12



2.8 Application of Wireless Sensor Network

We can classify WSN applications according to its purpose, to either monitoring or
tracking as shown in the Figure 7. Each of these two categories contains applications.
For example, It can be used for first aid in hospitals to monitoring critical cases, in
factories it use for control the products. WSNs used in military side for tracking
purposes. Also, it used in daily life to tracking cars to overcome the traffic jam. [8].
Decreasing the cost of manufacturing sensor nodes help in growing using WSNs in

every field as shown in the Figure 8 [9].

Sensor
Network
Tracking | Monitoring
Military Habitat Secirit : I ; Hor
. . . y Detection Animal Monitoring
Enemy Tracking I Animal Tracking I (Zebra, birds, Cane toad)
. | Public/Industrial Public/Industrial
Buﬂlm&&_ Traffic Tracking X Structural Monitoring
N I Car/Bus Tracking BuLness_ . Factory Monitoring
Inventory Monitoring Inventory Monitoring
I Machine Monitoring
Chemical Monitoring
Health Environment

Environmental Monitoring
(weather, temperature, pressure)

Patient monitoring

Figure 7 Applications of wireless sensor networks
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Cost and Energy per Sensor
Total Market Size

Miltary ' ::‘hm° & Industrial Consumer
nology
Application

Figure 8 Market size of WSNs and the cost of manufacturing

We have an example of using wireless sensor networks in a volcanic alarm system.
Where, the nodes spread on specific positions, then sends data and information related
to heat and movement of the earth. The sent data from sensors collected and analyzed in
the base station and according to special equations, will predict the volcanic time. As

shown in Figure 9.

Another example of using wireless sensor networks in our daily life is the Bushfire
Detection System. It is generally used in the forest to avoid the fire disaster. The system
consists from set of nodes distributed over the forest. It is sensing the increasing in heat
and sent the data to sink. After the sink receiving the data, will analysis, it is working on

putting out the fires in forests. As shown in the Figure 10.
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1) Earthquake or eruption occurs
2) Nodes detect seismic event

3) Each node sends event report
to base station

GPS receiver
for time sync

radio link (4km)

Figure 9 Implementation of WSN in Detection of Volcanic Activity [10].

T o

L I Fower supply
— — — E
Remecte mobile phone

Figure 10 Using WSNs in Architecture of a Bushfire Detection System[11].
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2.9 Power Consumption in WSNSs

Wireless sensors are deployed densely in remote locations, and their operation is
unattended. For this reason, they are equipped with battery and usually these batteries
cannot be replaced. Due to the size and location the wireless sensor node. So the battery
power capacity available to the unit is very important. The battery life in the nodes
defines the lifetime of the network, so we have to study energy consumption in every
part of our system and try to optimize it to make it less as much as possible. From here
we start with the central part of the wireless network, which are the nodes.

Sensing unit is designed according to the purpose and function of this node. It may
detect the temperatures, light, gas, etc. The difference in sensing reflected difference the
energy consumed, as shown in Figure 11. It is worth mentioning, the consumption of
energy is different from mode to mode the same node. Hence, the sensor consists of
parts such as sensing, processing, and communication. The power consumption of them
is not equal as shown in Figure 12. So we have to understand all of these parameters

and put it in our calculation to design useful wireless sensor nodes.

Sensor Type Power consumption
Gas sensor 500mW-800mW
Image Sensor [50mW

Pressure Sensor 10mW -15mW
Acceleration 3mW

Temperature 0.5mW- SmW

Figure 11 Power consumption in different types of sensors[12].
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Figure 12 Power consumption, according to sensor mode [13].
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CHAPTER 3

LITERATURE REVIEW

3.1  Unbalance Energy Consumption

In wireless sensor networks, the central part of the network is a sensor because they
have to satisfy additional job after sensing. It is the sending of data to the base station.
The data may send directly if the node is near to the base station, to vast networks most
of the sensors deployed far from so base station did not reach straight by nodes.
Therefore, we have to use strategies to make communication between base station and
nodes in the sensing area. Therefore, in a large immobile WSN nodes are responsible for
using multi-hop data transfer and many- to-one pattern, employing other sensors in
sending data. The nodes transfer its data to the base station if the base station in its
sensing area or relaying the data into another node which is nearest to base station, if the
base station out of coverage area. Such situation, the sensors that near to the sink as a
comparison with far from nodes transfer extra data, this will reflect on the amount of
energy used they will consume their energies faster. This caused unbalance in energy
consumption and this node will die before the other and effect negatively on network
lifetime [14]. As shown in Figure 13, we will clarify this problem. To clarify the idea
sensing area is divided into two regions as close to sinking and far away from the sink.
The first group which closes to sink can send its data directly to sink as well as relaying
the data coming from the second region. The nodes in the second region just sense and
relay data to nodes close to sink. As a result, the nodes in the first region will lose extra

energy for its extra job which is relaying. That led to consume more energy. If any

18



sensor in the first group (near to sink) has exhausted its all of his energy then it will be
out of work. As a result, its sensing area will be uncovered that led to stop the network.
Although nodes in Area 2 (far from the sink) still have power [15]. This uncovered area

caused by dies sensors called “Energy Hole Problem” as shown in Figure 13.

o p— VAN O
®) O\ ]? )))</ \O ! Base station

\
Area2 . <» r /r O
O
/7 o ©
O \ Nodes
Qe

Figure 13 The problem of energy Hole [15].

3.2 Solving Unbalance Energy Consumption

The main idea behind this section is to highlight the ways have to follow it to satisfy
energy balancing in WSN. At the same time to following forms to avoid the die of some
nodes in a network before the others, which rise uncovering areas caused disconnecting
among some nodes with the base station. Load balance in wireless sensor network
managed by allocating the duty among all nodes equally. Hence, every node has to
process the same amount of jobs. Thus, all nodes will consume the same amount of its
energy (battery power) and die almost simultaneously. By this strategy, we will prevent

any disconnection in a network and prolong the lifetime of wireless sensor network [16].
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There are many studies and research about energy hole problem to analysis and find

solutions this problem:

Xuejian Zhao et al. [17] the researchers review the system that has special properties
which are, nodes are homogeneous uniformly designed have the same rate of processing
communication storage and maximum transmit power. The nodes distributed randomly
over the area. Besides, the transmit power can be adjusted and always be the minimum
to reach the next hop node on the routes. Nodes detected then send the data to the single
sink hope by hope. They have used the equations below to calculate the energy used in

sensing, processing, receiving and for transmitting data.

£ =gk
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a represent the power consumption for single node collecting one byte; K represents
data rate, Pa and Ps stand in the strength of the processor in case of active or sleeps
separately. ta represent the working period of a processor in a time unit and ts describe
the processor sleeping time. Prb is the energy consumption for receiving a byte, Kr is
the number of bytes received in a time unit, Ptb(d) is the power consumption of
transmitting one byte to d-distance, and Kt is the number of bytes routing in a time unit.

The researchers Stojmenovic et. al. in [18] studied the problem of energy hole

theoretically. They spread the nodes uniformly.
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Energy calculation equation is E = da + c¢ as an energy model. d represents the
dimension between from the sources to the target node, a consuming in energy which
related to c. By these presumptions, they got this result and approved: if a > 2
eliminate unbalanced consumptions of energy. While if a = 2, we cannot eliminate

unbalancing in energy consumptions.

Academic researchers continued to study the problem of imbalance in power
consumption. They have appeared on uncovered area (hole area) in the wireless sensor
networks structure and produce theories to solve this issue. The solutions for the uneven
energy consumption in five criteria: clustering nodes, movable nodes, controlling

transmission power, manage data collecting, non-uniform deployment.

3.2.1 Clustering nodes

One of the most important methods used for balancing energy consumption is
clustering. Nodes cluster upon its locations. Every cluster region typically involves a
single cluster head (CH) and a combination of nodes. Cluster heads are responsible for
gathering data from its region, then forwarding the collected data to the base station

(BS) hop by hop or directly if it is near to base station [19].

A. Jain et al. in [20] present energy method named as “energy efficient clustering with
sink as cluster head — EEC-SCH . They make base station as one of the cluster-heads,
by this step, the nodes near to it avoid the relaying job and save its energy. The proposed
method EEC-SCH sensors spread in a specific region. When network initialized, each

node vi belong to network N(vi), r the radius

. . " ERE nbr(vi)
Given by : P(vi) = k X— o

for vi & Nch

The base station is generally particular node have more energy as a comparison with

other nodes supported with an advanced microcontroller and transceiver equipment.
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Base stations are designed and supported by many antennas to address simultaneous
transmissions and receptions, to solve energy hole problem around it. In their
simulation, they have chosen sink as one of the cluster head and the network lifetime has
improved. Beside more energy balancing, as well as a lot of power consumption among

cluster-heads have been provided.

Jiguo et.al. in [21] produced protocol and method in heterogeneous WSNs to solving
Energy Hole Problem. The protocol is *“ an energy-driven unequal clustering protocol
(EDUC) “. The method is “ energy-driven adaptive cluster head rotation “. So they
satisfy balance in power consumption in all clusters heads by unequal area. On the other
hand, balance the power exhausted in clusters by the using method. That reduces the

power consumption. Finally, that will help to prolong the network lifetime.

Vrinda Gupta and Raju Pandey in [22] improved the protocol of Energy-Aware
Distributed Unequal Clustering (EDUC). Hence this protocol used in multi- hope WSNs
to solving Energy Hole Problem. The remaining energy and base station location are the
main parameters in the network clustering. The researchers add the third condition to the
previous study in electing a cluster head. Hence, they have selected the CHs as the
considered information about nodes in a neighborhood. Computation competition radius
of a neighborhood and its numbers led to the extra balancing of energy in comparison
with the old method. The selection of next hop, the relay metric is defined directly as

well as to distance information used in the EDUC.

erzvrr Er 2 Eavg res
E, characteristic of EADUC

The (=
{Tﬂu’r. E < Eavg res

1. To solve hole’s problems they detected more than one cluster heads. It had been
used to calculate the parameter Vr which used to manage the sending forward

the sink depending on two factors the total energy of a node and the timeT2. So
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before the time, T2 finished any node might be the head. In parallel, any node
might be group head if its message not cluster heads.

2. The differences in radius used for producing uneven clusters based on the
distance to the base station.

3. The relay metric is used to select an efficient route to the sink. This metric leads

to save energy and extend the network lifetime.

4. The clustering overhead reduces as the cluster set up is retained for a few rounds.

Therefore, the network lifetime extended.

Tung-Hung Chiang et.al. proposed a “regional energy aware clustering with isolated
nodes for wireless sensor networks, called it REAC-IN ” [23]. The selection of cluster-
heads is not casual but depends on particular calculation. It depends on the remaining
power of all nodes and regional energy sensors in clusters. The algorithm depends on
the distance between nodes and BS sometimes isolate far from nodes. Because these
sensors were consuming much power whenever communicate with the sink directly.

Therefore, this isolation will extend the network lifetime.

The process of proposed REAC-IN:

A. Cluster-Head Selection Algorithm Based On The Residual Energy and the Regional
Average Energy:
In this algorithm, they select cluster heads according to a specific percentage of
sensor nodes.The selection of cluster heads is not random, but depending on the
remaining energy and regions of all groups to an extension the network lifespan.
(Where p is the suggested percentage of cluster-heads) based on the residual energy
and the regional average energy of all sensors in each cluster to prolong the lifetime

of the network.
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B. Isolated Node and Transmission:
Second step the cluster-heads which are selected by sending a “join request
message” to non-clustered sensors which are close to it. The remaining node would
isolate from this cluster. This action helped in conserving the energy and extend

network lifespan.

3.2.2 Movable nodes

Mobility is one of the strategies and methods that used in WSNs to extend the network
lifetime. To extend the network lifespan, they are supplying the system either a sink or

nodes have the ability to move.

Bahmanyar and Aee mechanisms [24] present a scheme to optimize energy consumption
by using mobility sink. Hence in this type of WSN, the nodes will not send the data to
the base station but the Beat will move to cluster head and receive the data to minimize

energy consumintion. They used two-level fuzzy logic.

e The first level, the selected nodes depend on neighbors and energy

e The second level, depending on test the groups of successful nodes

In [25] Wang and et al., investigate the benefits of WSNs. It consists of a less number of
moveable and more of immobile nodes. These moveable nodes may work as base station
or node.
They evaluate the algorithm, their comparison the lifetime for different algorithms for
three cases:

(i) All network is static

(it) One mobile sink

(iit) One mobile relay
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They found that maximum improvement in a lifetime when they used mobile node as a
base station. However, in some areas, the BS cannot move easily. They examine the
performance of a vast network with one mobile node and notice that the improvement in
network lifetime over an all static network in point 1 upper bounded by a factor four.
Also, the mobile node needs to stay only within a two-hop radius of the sink. They
construct a joint mobility and routing algorithm which comes close to the bound.
However, this algorithm requires all the nodes in the network to be aware of the location
of the mobile node. They proposed an alternative algorithm, which achieves the same

performance, but requires only a limited number of nodes in the network.

P. Chana et al. [26] propose “distributed fault diagnosis algorithm for WSNs by using
Mobile Sink (MS)”. However, they used a mobile robot with a wireless transceiver for
mobile fault detector, which works as a mobile base station. Also it diagnose the
hardware and software status of deployed network sensors. MS mobile fault detector
moves through the network area polling each static sensor node to diagnose the
hardware and software status of nearby sensor nodes using only single hop
communication. Therefore, the fault detection and functionality of the network are
significantly increased. They employ an optimal fault diagnosis tour planning algorithm
to maintain an excellent Quality of Service (Qo0S). In addition to save energy and time,
the tour planning algorithm excludes faulty sensor nodes from the next diagnosis

regulating.

In [27] authors produced the protocol Dual Sink energy efficient for the Wireless
Sensor. They used two types of sink to collected data from nodes mobile and a static
sink. So they called it Dual-Sink. By using the mobile sink, they solved the biggest
problem in WSN which nodes near to the sink are exhauste their power quickly because
they concern to relay the data coming from other nodes to BS. The movement of the
sensor near to the BS will positively effect on energy consumption and enhance network
lifetime. The movement of the base station responsible for updating and sharing its

location allows nodes to send its data..On the other hand, the nodes can not achieve the
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mobile BS, they can send their data to static one. Finally, they mentioned that using only

one mobile sink, did not lead to improve the lifetime if the sensing area was huge.

3.2.3 Manage data collecting

The data aggregation scheme is popular topics in WSNs to optimize energy depletion as
a result of these enhance the lifespan. In WSNSs system, sensors are responsible for
sensing actions then relaying these data to base station. Many of these data are nested
information and repeated so it will have a bad effect on power. The solution to this
problem is data aggregation which is responsible for filtering data abundance. Then data
collection will reduce the total according to design and remaining energy to reduce

power consumption, and maximizing network lifetime [28].

M.Krishna et al. [29] defined data aggregation system that the data collected by cluster
head will aggregate and forward to the base station. There are many elements have to
consider in the data collection protocol such as power, data size, coverage area. Then
they present a novel approach depending on three factors structure, search and time-
based methods to classify the protocol. Hence, they produce the classification of data
gathering in WSNs as shown in Figure 14. They have taken these results and compared
it with another protocol, "the structure-free, time-based or research-based data

aggregation protocols” notes improving in network lifespan.
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Classification of Data Aggregation Techniques in WSNs

Structure Search-Based

I |

Delay Latency Dynamic

Structure-Free Structured-Based Distance Heuristic Constrained Constrained Timeout

Cluster-Based Tree-Based Chain-Based

Figure 14 Data Aggregation Techniques in WSNs [29].

Awang et al. [30] propose mechanisms to solve the problem of Wireless Sensor
Network that appear due to dense deployment and a lot of sensor nodes in WSNS.
Where data are related to size, quantity and more detailed. Thus, the nodes commonly
transmit same data while it is not acceptable in WSNs because it will consume more
energy to send.

The proposed mechanisms consist of two data collection mechanisms” (class-based and
alpha-based) that aggregate and route data packet based on Received Signal Strength
Indicator (RSSI)”. Hence, each node maintains RSSI value on the sink. Using the "RSSI
and Agg ID in RSSI-Based Forwarding (RBF) on data aggregation identification (Agg
ID)" is specific. Their simulation showed that this mechanism helped in normalized

power exhaust to improve lifespan.

In [31], new algorithm had been produced by researchers to solve the problem which is
congestion in a network, then collision and lose a packet which normally occurs in
WSN, which is appear because of centralized data aggregation and relying on

communication of multi-hope strategy. That problem cause unbalancing in energy
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consumption for nods. From here, they invented an algorithm to balance loads on nodes.
The algorithm is depending on the space from nodes to BS. They sort sensor nodes
according to their distance to sink into a different field. They established multiple paths
between nodes and BS. As a result, the algorithm balanced energy load and extended

network lifetime.

In [32], data aggregation is one of the applied techniques in WSNSs. It used to manage
the collecting the data from nodes in a way that contribute in prolonging network
lifetime. In some applications like using WSNs to measure temperature. Minimization
of the total data amount are required and acceptable. The reducing in data happened in
sensor, after detecting and before the sending the data to base station . For example, if
we want to send pressure information, we can send just number such as, 75. This
process will contribute to reduce the amount of transferred data and prolong network

lifetime.

3.2.4 Non-uniform deployment

This way used for solving unbalanced power consumption problem in WSNs. Hence,
sending data in many routes lead to unbalance in power consumption in a network. This
uneven energy depletion reduces the useful lifespan of the sensor network. If we
deployed the nodes in non-uniform deployment with carefully increasing the number of
nodes around the sink, we could prevent the nodes near base station from exhausted

their energy before others to avoid energy holes problem [33].

In [34], the novel model had been proposed a spread nodes non-uniformly. The main
idea behind this model is reducing node numbers to enhanced encasement and load

balancing. Nodes density increased from the edge to center as well as, a specific number
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of nodes to overcome the unbalance in load. Hence, these nodes are responsible just for
relaying data not sensing. The distribution of nodes is not reckless but, they produce a

simple distributed algorithm for distribution and balance the load gathering data.

Tsai et al. [35] proposed IFA-based deployment strategy. It is a non-uniform and multi-
hop routing node deployment strategy. The strategy is specified for a randomly
distributed node on large-scale WSNSs. In the proposed deployment strategy, three

factors are taken into consideration and well examined:
a) Area that covered
b) Sending data
c) Power exhausted.

The “IFA-based deployment strategy” improved the encasement performance of WSNSs.

In [36] author had suggested to solve the problem of unbalancing energy consumption in
WSNs by using non-uniform deployment of nodes in the working area. Handling of the

problem based on three axes:

First one, the academic side of the “non-uniform node deployment strategy in multi hop

heterogeneous nodes in WSNs” is presented.

Second one, expect the best sensors deployment by calculating nodes energy exhaustion

propose a scheme to nonuniform node deployment.

Third one, do the comprehensive experiments to investigate the performance of a

network.

They had compared the results shown that non-uniform deployment saving more energy

and maximizing the network lifespan.
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Cardei et al. [37] proposed solutions for one of the main problems that we focus in
WSNs, which unbalancing energy was consuming in sensors that used in networks.
Hence, they addressed the issue of Movement-assisted Sensor Positioning (MSP) to
increase network lifetime. Address the issue of “Movement-assisted Sensor Positioning

(MSP) “to maximize network lifespan this achieved by decreasing the mobility nodes.

Set of algorithms had been proposed to allocate nodes depending on density: an “IP-
based mechanism that produces the optimal solution, “a localized matching algorithm”

used in the huge area, and “a low-overhead distributed scanning-based mechanism”.

3.2.5 Transmission Power Control

One of the most important factor in designing WSNs is saving energy because limiting
in nodes equipment like the battery is small as well as to microcontroller is limited.
Therefore, transmission power had to control especially as we know that communication
(transmission or reception of the packet) is the most power excused action in sensor

networks.

TPC is exceedingly important used for minimizing the power used in Wireless Sensor
Networks. This method manages and balances the power consumption on data sending
from nodes to BS [38].

M. Meghji et al. [39] proposed a study to balance energy consumption and prolong
network lifetime. They produced Telos platform parameters to Transmission Power
Control (TPC) which applied on multi-hop WSNs. They offered a method to test TPC
which used in multi-hop depending on testing and statistical. They have taken these
results if the length from node to BS is steady, the energy exhaustion is increased if the
number of hops is increased. So it is better to use multi-hope transmission power

control.
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D. Gao et al [40] they improved transmission power of nodes by “bound end to end
delay” and produce a scheme for that. Also, they build an algorithm to improve the
transmission power of the node. The lowest latency between sensor and BS has been
taken by the researchers. They were increasing a minimum number of nodes whose

transmission power improved.

On the other hand, to solve delay bound problem they use as less as energy. The
operations packet delivery, data delivered from a node to its m-hop away node by
utilizing TPC technology and nodes should check them remain energy before

controlling transmission power.
We can summarize the procedure as below:

1. Define the model of the network and explain the packet delivery process.
2. Produce scheme for managing the transmission power controlling.

3. Use an algorithm to calculate the lowest latency.
4

Improving a minimal number of nodes’ transmission power.

In [41] the author had performed a compression study among a set of TPC approach to
take its effect on network lifespan. The study focused on two points the amount of
power in battery and type of TPC. By using modified LP equations its name is "HCB
model"” they found the effects of energy level on TPC.

They used two groups of data to test the various TPC methods. The bandwidth
requirements of the proposed transmission power assignment strategies had also been
investigated. They performed numerical analysis to model, characterize the effects of
various parameters and compare the relative performance of transmission power

strategies.

Bandwidth is also important factor when they study and design a transmission power
control strategy. After the design of strategy, they test it numerically to notice the effects
on network lifespan, so they have determined that the lifetime enhanced by 20% as

compared with “optimally-assigned network-level single transmission power”.
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M Jamali et al [42] study the effect of Transmission Power Control on “ Ad hoc On-
Demand Distance Vector (AODV) routing protocol for MWSNSs”. Hence, respect to
transmission energy consumption RSSI “ used for calculation energy consumption in
low power mobile devices, but AODV used for medium power multi-hope devices.

They deduced that TPC technique effects on power consumption and level of TPC in
mobile nodes. Therefore, using TPC will have a positive effect on the network lifetime

in “multi-hop AODV routing protocol in MWSNs”.
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CHAPTER 4

USING OPTIMIZATION IN WIRELESS SENSOR NETWORKS

4.1 Optimization It is defined as a choice of a better element from a set of available
according to some standard. In the most elementary instance, solving optimization
problems are automatically choose a value from series of input values which satisfy
maximize or minimize according to the objective function. The expression
"Optimization” is a wide term used in our daily life such as our work, our study,

business, manufacturers, WSNSs, in every sector.

Optimization it is found everywhere in our daily life, for instance, manufacturing, and
marketing [43]. It is applied science depending on mathematical equations which used to
take specific values which represent the objective either minimum or maximum [44]. In
our lifetime, money, and resources are finite, limited. Thus optimization is a suitable

solution to get perfect values [45].

4.2 Scope of Optimization Problems

Optimization defined as, it is a specific task solved automatically by process depending
on the mathematic equation to get optimal value for this operation qualifications. Thus,

it required a set of components:

» The objective function is either minimized or maximized. This used to measure
guantitative performance. Objective value can be cost, time, energy, efficiency,

profit.

* A predictive model is used for describing model disposal. This model transferred to

set of equations, constants and constraints comprise defined system borders.
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« Variables are in the predictive model should satisfy the constraints if it does not

satisfy we adjust it. In many of engineering applications [46].

Using optimization in the economics field

e Profit
o Utility

o Frugal activity

o Pareto problems

Using optimization in the Information Technology sector

» Increasing the efficiency of software

» Reduce using of resources

o Improving the compiler effectively

« Raise the website ranking in search engine list

o Improve the rank of the image in search engine list.

4.3 Maximization and Minimization of the Values

Maximizing value may represent:

e Maximization in the lifetime in WSNs
e Entropy maximization

e Maximizing Profit

e Statistics maximization algorithm

e Threshold value maximization

e Maximization psychology

e Optimization (mathematics) Activity maximization
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e Utility maximization problem
e Gain maximizing model

e Magnification

Miniming value may represent:

e Minimization (clinical trials)

e Minimization size of code

e  Cost-minimization

e Energy is consumed

e Minimizing execution time

e Structural risk minimization

e Minimizing loops in programs

e Expenditure minimization problem, in microeconomics
e Waste Minimization

e Harm reduction

e Maxima and minima, in mathematical analysis

e Minimax approximation algorithm

4.4 Classification of Optimization Problems

The optimization is used in decision making. It developed by the scientist who concerns
by technology depending on the mathematical methodology to help researchers and
designer to take specific values encourage him in the design of the systems in the

different field. Optimization algorithms are used to:

e Empirical, expansion of design, analysis and rating variables.
e Operation and system modify.

e Control the sample predictive.
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e Designed, timetable, and organized the equipping set of properties according to

specific orders and delivering [46].

4.5 Linear Programming

Linear programming produced in 1950 considered the most simple way to solve
optimization problems used in Industrial, manufacturing, marketing, engineering
calculations. It is depending on linear equations and used specific software to solve the
equations. Mostly Linear Programming used for its ability to execute in most software.
Linear Programs applied at first to solve simple systems such as seals man to build a
road for minimizing road to achieve many cities on different distance. Later, they
applied for other problems such as distributed of the nodes or manage energy
consumption in WSNs[47].

4.6 Planning Process for Optimization Problems
1. Recognizing the problem.
2. Defining the problem.
3. Constructing a model for the problem.
4. Solving the model.
5. Validating the obtained solutions.

6. Implementing one solution [48]

4.7 Optimization Process

Generally, the optimization consists of three parts:

1- Modeling

2- Optimizer/Algorithm

3- Evaluator/Simulator.
The issue will transfer to mathematical equations to build the model. We have to use
arbitrator optimizer or algorithm to solve our problem to get the excellent result. For

every model we can design an algorithm, there is no unique algorithm for all cases.
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Finally, evaluates or simulators can be a direct calculation for output or numerical

simulator. As indicated in Figure 15.
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Figure 15 Optimization process[49]

4.8 Optimization in Wireless Sensor Networks

An Optimization is the selection of the value from a series of input values according to
some conditions. It has solved by the optimizer to take either maximum or minimum
value according to the objective function that suitable to the work. They can be used for
many purposes such as, distributed nodes, selected routes, energy consumption, and data
flow in Wireless Sensors Networks. According to every case, the objective value will be

different. For example, for energy consumption, we have an objective value to make it
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as less as possible. But in network lifetime, we have to make the objective value as long
as possible. Therefore, optimization consists of two parts; the objective function and

conditions. The solution divided into two factors: exact methods and heuristic methods.
1- Exact methods

To solve objective problems in Wireless Sensor Networks such as Linear, Nonlinear and
Dynamic Programming, if the objective value is a single one so we have to use LP
Otherwise, if the objective value has more than one values, then the nonlinear function

can be used. Because the problem is nonlinear.

Linear programming (LP) form is as follows:

max Cx

Ax<b

x>0
Where cx is the objective function, we receive to maximize it. A is a matrix, b is a vector
giving respectively the right-hand terms and the cost coefficients, and x is the decision

variable vector.

2- Heuristic methods

Heuristic methods are important methods for the practical optimization problems in
WSNs exhibiting high computational complexity. These approaches are intended to
quickly provide near-optimal solutions to difficult optimization problems that cannot be
solved exactly. Heuristic methods include local improvement methods that do searches
within the vicinity of a viable resolution to the problem, and improve/construct the

answer step by step by hiring the best local optimal decision at each stride [50].
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4.9 Optimization domain in Wireless Sensor Networks

Optimization in WSNs used widely to reach the optimum value of the objective
function. The optimization may be maximization or minimization depending on the
purpose of the program such as for network lifetime, efficiency, connectivity, has to
maximize the values. But for the cost, a number of nodes, process time has to minimize
the values. The optimization depending on the set of mathematic equation selected
according to the job such as a linear equation, nonlinear equation, mix integer, etc.
Optimization on Wireless Sensor Networks can be classified according to problem

domains and area as shown in the Figure 16 [51].

Problem Domains Optimization Area

Static node positioning

Mobile node positioning

Base station positioning

Allocate transmission
power
. Determine local threshold
Optimization
. Minimum intra cluster

distance Maximum network
longevity -

Optimal routing

Minimum localization error

L1

Figure 16 Optimization domains in WSNs
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4.10 Simulation Tools Used To Optimize WSNs

There are many simulation tools and programming languages used in WSNs to optimize
values such as NS2, MATLAB, MiXiM, VisualSense of Ptolemy II, JSim, PAWIS,
GlomoSim, OPNET, TOSSIM, OMNeT++, CPLEX, C/C++, and ANSYS [52].

411 GAMS

The English abbreviation of “General Algebraic Modeling System” is a programming
language that provides a flexible framework for formulating and solving linear,
nonlinear and mixed-integer optimization problems. The GAMS technology is designed
to facilitate the work of modelers, who create mathematical models of real processes
around us. It relieves modelers of the necessity to design algorithms of models, in
addition to the development of models. Thus, the major functional objective of GAMS

is to design algorithms for mathematical models.

It does not mean that this system can be used only for mathematical models with
algebraic equations. Those, who are acquainted with methods of solving differential
equations in partial derivatives, know that the methods are always transformed into a
system of algebraic equations. These algebraic equations are solved according to some
iteration algorithm [53].

4.12 Structure Models of the GAMS

Each model in the GAMS language may have its own distinctions. It can comprise
groups of alternating models, which are linked together only through a small number of
common variables or parameters. However, most models have the following structure
[54]:

SETS

Structures consisting of a complex of indices or names
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Declaration of fact of existence
Determination of relations between individual structures
DATA
PARAMETERS, TABLES, SCALARS (parameters, tables, scalars)
Declaration of fact of existence
Determination of values of input parameters

Preliminary computations

VARIABLES
Variables or arrays of variables
A declaration with assigning a type of variable
Declaration of limits for possible changes, initial level

EQUATIONS
Equations or complexes and arrays of equations
A declaration with assigning a name

Recording of equations on the GAMS technology

MODEL, SOLVERS
The objective is to optimize the structure model and method of solution.

OUTPUT
It is output of information into a separate special file, although it is not necessary.

GAMS operates on an input file in two stages:

a) Compilation.

b) Execution
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CHAPTER 5

SYSTEM MODEL

5.1 Introduction

Our studies in this thesis are based on optimization theory represented by a set of Linear
Programing equations to minimize energy consumption which leads to maximize WSNs
lifetime as much as possible. Moreover, the balance in energy consumption has been
satisfied by using special deployment strategy to avoid the Hole problem that occurs in
WSNs to guarantee balance in data flow among sensor nodes. Therefore, all sensor
nodes in WSNSs exhaust their energy approximately in equal time and the network still
works as more as possible. In this chapter, the network model and basic assumption

besides optimization problem formulation have been identified.

5.2 Network Assumptions

We perform the following assumptions in our frameworks:

1. We supposed that there are one base station and N sensor nodes deployed over a
sensing area.

2. Nodes are homogeneous (every sensor has an equal transmission range ty
excepted base station has an extra transmission range.

3. Our WSN consists of static nodes (both sensor nodes and the base station).

4. We represented network topology by a directed graph, (G=V, A) where V is a
set that contains all nodes and base station and W is all nodes set excepting sink.

5. All nodes have the same initial energy it is one joule.
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5.3 Node Deployment Model

Deploying sensor nodes considered the main challenge in the network field for three
reasons. Firstly, it will cover sensing area. Secondly, it will ensure the longest lifetime.
Thirdly, it will contribute to continuous sensing. Based on application requirements, the
different sensor node deployment models have been established. In our study, randomly
deploy uniform sensor nodes are used. Consequently, the nodes will deploy randomly
over sensing area, as shown in the Fig 17. Therefore, sensor nodes are deployed in
places that do not ease to reach. The nodes deployment model can achieve by throwing
sensor nodes from an airplane. Mostly, several wireless sensor network applications
choose a random sensor node distribution, because it is supposed to be easy and cost-
effective. Random distribute of sensor nodes is a most common deployment strategy

used for deployment big scale open zones.
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Figure 17 Random deployments of wireless sensor nodes.
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5.4 Energy Model

In our model, we use homogeneous nodes (all nodes have the same properties) including
the amount of initial energy. They were supplying by 1 Joule. The consumed energy
calculated by the equations below:

For transmitting data is:
Px,ij = p + &d 10]‘ (5.1)
For receiving data is:
Prx=p (5.2)
Where p represents the energy dissipated in the electronic circuitry, € denotes the
transmitter efficiency, a represents the path loss, and dij is the distance between node-i

(transmitting node) and node-j (receiving node) [55].

5.5 Network Lifetime

The lifetime of the network often depends on the nodes with minimum residual energy
in the network.
There are a lot of definitions used to identify the lifetime in the term of wireless sensor
networks such as:
1. Time until the first sensor node or group of sensor nodes in the network runs out
of energy.
2. The operational time of the network during which it is able to perform the
dedicated task(s).
3. This is defined as the maximum duration of time during which deployed sensors
have the capability of monitoring the phenomena of interest.
4. The number of rounds of the network until the defeat of one or more sensor
nodes.
5. This definition that widely used to describe the network lifetime is intended to

reflect the time span from the network’s initial deployment to the first loss of
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coverage. Therefore, it can be defined as the ‘time until the first node dies’. In

our study, this definition can be considered.

5.6 Model’s Equations
5.6.1 Normal Equations
We have taken the location of each node in the circle area, depending on x axis and y

axis by using Eq. (5.5) for finding x axis, and Eq. (5.6) for finding y axis,

point_x(i)=r*cos(theta) (5.3)
point_y(i)=r*sin(theta) (5.4)

To find the distance between two nodes, the equation below is used
d(i,j)=sqrt( power(point_x(i)-point_x(j),2)
+power(point_y(i)-point_y(j),2)) (5.5)
The equation at the below is used to generate random numbers which used in equations
later

execseed = 1+gmillisec(jnow) (5.6)

The equations at the below are used in a loop together to distribute the nodes randomly
over the circle sensing area. First one can be used to detect the angel, the second can be

used to find the radius.
theta=uniform(0,360) (5.7)
r=sqrt(uniform(0,Rad)) (5.8)

This equation is used to calculate the power
Ptx(i,j) = (ro + (E * power(d(i,j),alpha) )) (5.9)
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5.6.2 Linear Programing Equations
Our objective of the model, maximize network lifetime, which represent by Eq.
(5.10), hence, t represent the network lifetime. To solve the objective equation, we
used GAMS expression (5.11)

maximize_t (5.10)
z=e=t
Solve sensor using Ip maximizing z (5.11)

The equation below is used to state all data flow not negative

fii > 0V(i,j)eA (5.12)

The equation below is used to eliminate infinite loops; there cannot be a flow from a

node
fi; =0if i=jV¥(i,j) e A (5.13)

The equation below is used to balance the data flow between relay data and aggregation

data in the same node
E Jig — tsi = E fii Vie W (5.14)
JEV JEW

Used to states energy dissipation for data communication is bounded by the energy
stored in batteries (ei)

Pre Y fii+ Y Puaiifis <elie W (5.15)

JEW JEV
This equation is used to assign equal battery energy to all sensor nodes.

e —EVie W (5.16)
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5.7 Simulation and Results

In the present study, we use a Linear Programing method to optimize the energy
consumption in wireless sensor networks. The linear programming equations have been

applied on two different topologies. They are linear topology and circle topology.

A- Linear topology nodes distribution (1 dimension)
We use 5 sensor nodes deployed in a linear topology N1, N2, N3, N4, N5. The sink node
is N1. The distance between nodes is kept constant (d = 10m) and every node supported

by same initial energy of 1 Joule, as shown in Fig.18.
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Figure 18 Distribute nodes over linear topology

Firstly, the effect of distance (from node N to Base station) on the Network lifetime
have been studied. The maximum lifetime for every case has been obtained by using
Linear Programing equations. The result shows that the network lifetime decreased by

increasing the distance of the sensing area as shown in the Table 1.
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Tablel The effect of distance on network lifetime in linear topology

No Distance in Meter Network Lifetime in Seconds
1 D=10 2697459.85

2 D=20 192532.96

3 D=30 88248.18

4 D=40 56690.30

5 D=50 40880.08

The effect of distance on Network Lifetime
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Figure 19 The effect of distance on network lifetime in linear topology

Secondly, the data flows between nodes in hand has been studied. In other hand, the data
flows between nodes and base station and its effects on the network lifetime in every

case have been studied. The results have been obtained and shown in the Table 2 and

Figure 20.
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Table 2 The effect of data flow on network lifetime in linear topology

Network Lifetime

Data
Flow [ z(d=10)= 2(d=20)= | z(d=30)= | z(d=40)= 2(d=50)=
9845822.88 | 5437858.23 | 2903869.82 | 1789981.96 | 1225427.78
nl | ni 0.000 0.000 0.000 0.000 0.000
nl | n2 0.000 0.000 0.000 0.000 0.000
nl | n3 0.000 0.000 0.000 0.000 0.000
nl | n4 0.000 0.000 0.000 0.000 0.000
nl | n5 0.000 0.000 0.000 0.000 0.000
n2 | nl |9990009.990 |9090909.091 [7142857.143 |5263157.895 | 3846153.846
n2 | n2 0.000 0.000 0.000 0.000 0.000
n2 | n3 0.000 0.000 0.000 0.000 0.000
n2 | n4 0.000 0.000 0.000 0.000 0.000
n2 | n5 0.000 0.000 0.000 0.000 0.000
n3 | nl |9960159.363 |7142857.143 |3846153.846 |1637260.980 | 430555.707
n3 | n2 0.000 0.000 0.000 1299262.889 | 2620726.064
n3 | n3 0.000 0.000 0.000 0.000 0.000
n3 | n4 0.000 0.000 0.000 0.000 0.000
n3 | n5 0.000 0.000 0.000 0.000 0.000
N4 | nl |9910802.775 |4773996.953 |626468.285 0.000 341089.586
n4 | n2 0.000 663861.278 |2737786.880 |2173913.043 0.000
n4 | n3 0.000 0.000 0.000 0.000 1825853.988
n4 | n4 0.000 0.000 0.000 0.000 0.000
n4 | n5 0.000 0.000 0.000 0.000 0.000
N5 | nl |9522319.392 | 743669.738 0.000 259508.972 | 283911.990
N5 | n2 | 144187.110 |2989189.581 |1501200.444 0.000 0.000
N5 | n3 | 114336.483 |1704998.912 |942284.028 |1146541.908 0.000
n5 | n4 | 64979.895 0.000 460385.347 | 383931.082 | 941515.792
n5 | n5 0.000 0.000 0.000 0.000 0.000
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Figure 20 The effect of data flow on the network lifetime in linear topology

Circular topology nodes distribution (2 dimensions)

A set of 100 sensor nodes has been deployed over a grid topology (Circular area) as

shown in the Fig 21. Nodes are homogenous and every node supported by same

initial energy of 1J. We deployed it randomly on a circle area, depending on the

special equation to generate random numbers also used a set of linear Programing

equations The result has been obtained as shown in the Fig 22 and Table3.

Y& Base Station @® Relay Node

Figure 21 Distribute nodes randomly over a circular area
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Table 3 The effect of Radius on network lifetime in circle topology

Radius in Meter Network Lifetime in Second
Radius= 100 9009615.75
Radius= 200 7580868.24
Radius= 400 6072910.75
Radius= 800 5884845.16
Radius= 1600 4004580.58
Radius= 3200 2946298.65
Radius= 6400 1900605.33
Radius= 12800 1365054.2

The relation between radius and Network Lifetime
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Figure 22 The effect of Radius on network lifetime in circular area
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CHAPTER 6

CONCLUSION

In this thesis, the lifetime of a sensor network for random distribution of nodes
with one base station located in the center of the sensing area has been
investigated. A mathematical programming (LP) and set of equations to
maximize the network model have been applied. This approach gives us the
chance to obtain numerical analysis covering a wide range of parameters. Two
topologies linear and circular topology have been applied to the network. The
first topology studied the relation between distances, data flow and its effect on
network lifetime have been investigated. Second, studied the relation between
the radius of sensing area, a number of nodes and its effects on network
lifetime have been investigated. Since the contributions of our thesis are
provided in the form of a series of questions, we present our conclusions in
reply to these questions. Firstly, we can ensure balancing energy consumption.
Secondly, we concluded that increasing the node density (increasing number of
nodes) in network field. We can increase the lifetime of the network to some
extent. Moreover, the assumed distribution topology has a great impact on
energy utilization. Thirdly, our simulation results have shown that random
deployment network topology has great importance for prolonging the network

lifetime.
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