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ABSTRACT

Wireless Sensor Network (WSN) consists of distributed nodes to cooperatively monitor
physical or environmental conditions; these nodes are operated with battery and have
limited energy. We consider that if one node will become dead it will effect the life time of
the network, so energy efficiency is the most critical parts of this network. we focus on
increasing the lifetimes of sensor nodes through power management. An efficient routing
mechanism can save energy resources and deliver the information more quickly and
efficiently. We proposed a new routing mechanism which is adaptive next hope routing
and will take the benefit of one hope and multi hope routing which save the energy of node
and increase the life time of network, load balancing between nodes finding next hope and
to locate the intermediate node is the key concept of proposed Algorithm



Declaration

DECLERATION

I hereby declare that this work, neither as a whole nor as a part has been copied out
from any source. It is further declared that I have conducted this research and have
accomplished this thesis entirely on the basis of our personal efforts and under the
sincere guidance of my supervisor Dr. Muhammad Zubair. If any part of this project
is proved to be copied out from any source or found to be reproduction of some other
project, I shall stand by the consequences. No portion of the work presented in this
dissertation has been submitted in support of any application for any other degree or

qualification of this or any other university or institute of leaming.

o

ZIA UR REHMAN
573-FBAS/MSCS/F09

Zia ur Rehman 573-FBAS/MSCS/F09



Dissertation

A Dissertation submitted to the
Department of Computer Science
International Islamic University Islamabad
As a partial fulfillment of requirements for the award of
The degree of

MS in Computer Science

Zia ur Rehman 573-FBAS/MSCS/F09



Dedication

This thesis is dedicated to my father, who taught me that the best kind of
knowledge to have is that which is learned for its own sake. It is also dedicated to
my mother, who taught me that even the largest task can be accomplished if it is

done one step at a time

Zia ur Rehman 573-FBAS/MSCS/F09



Acknowledgemenis

ACKNOWLEDGEMENTS

All praise to Almighty Allah who has all the names, and who needs no name the most
generous, considerate, and compassionate who has blessed mankind with this verdict
to think, explore, to learn and discover the hidden secrets of this universe and helped
me to broaden the veils of my thought and enabling me to get through the difficulties
indulged during this project. Also admiration to our beloved Prophet Muhammad
(PBUH) who is always a great source of inspiration of divine devotion and dedication

to me.

I would cordially pay my special appreciations and whole heartedly considerations to
my reverend supervisors Dr Muhammad Zubair for his endless support, guidance and
coordination while conducting this project. 1 owe him a great respect and honor and |
am privileged to work under their supervision. It was their efforts, courage, moral
support and endeavoring attitude that helped me to get through any problem or
difficulty during each step of this project.

I would also like to pay my gratitude to all my respected teachers making me capable
of what 1 am today due to their guidance and help. Thanking Prof Dr. Muhammad
Sher for his views which helped me in improving the proposal, also Mr. Bilal Shah

and Mr. Mehmood for providing the managerial and administrative support.

Thanking my friends for always being there for me whenever I needed them for their
help, generosity and moral support. Special thanks to Mr. Wagas Nasar, Mr. Rehan
Shafi, Mr. Nisar Tiwana, Mr. Aslam Khan, Mr. Muhammad Fiaz, Mr. Asad, Mr.
Tougeer Mustafa Haris, Mr. Bashir Amhed and Mr. Tanveer Ahmed.

I also owe a special thanks and gratitude to Mr. Zeeshan Shafi Khan for supporting
me in working on this idea and accompanying me with the material for study which I

needed during this research his kind guidance during research work .

Finally my beloved parents and family who deserve the credit more than [ could ever

express for always being completely supportive to me. They have been a constant

vi

Zia ur Rehman 573-FBAS/MSCS/F0O9



Acknowledgements

source of advice, love and devotion to me. From moral to financial they have been

blessing me with all the support that I needed up till now in my life.

I express my countless appreciation to all the people who have helped me during
achieving this MSCS degree and hope to have this honor that they would walk along

me through out my life.

Zia Ur Rehman
573-FBAS/MSCS/F09

vil

Zia ur Rehman 573-FBAS/MSCS/FO9



Table of Contents

TABLE OF CONTENTS

L INtEOOUCIION e crnecssesitseresenerinsorost subsbessrssnsnesessbasbssussntssns bus SRR I RIS oS 48 03 0028 1
1.1 Wireless Communication ... ssesesrane 2
T T ST UTUO 2
1.3 Wireless Sensor NEIWOTK.....ccuviiiinniscciensec s s saesnss s sassse e ans 3
1.4  Application of Wireless Sensor network.......ccoccvvirreecnnnieesce s s e 3
141, Miltary AppPliCAtION.......cccvrururiniirs st s s s ssssasassas 4
142 Envirement AppliCoN ....ceveeeeervcrmrissiseir s rssmssssssssseseesssssnss 4
1.4.3 Health Application ... s sens 4
1.4.3 HOme APPHCAIION ...vvverecenerrers e e e s e s v s s biess s e e ssa b e s s b b snsa s snsses 4

1.5  Structural Design of Wireless Sensor NetWoTK........cocvverirnmrvrcnminsinissssesasnnenss 5
1.5.1 Hardware ArChiteCIUTE ....c....vveeeriamcieeei e e s emc et sr e essesesree nesne esemiais 6
1.52 Sofware ArChItECIUTE .....ovoiivnricnrre et rnn e e see e e abtabsa s 9

16 Wireless Sensor Network evaluation Metric........c.ccciiecennecenenncninisniniersnisannns 10
1.6.1 Network LIEHME .cvvvv e ccetiesnnenrve e e seesn s e ses e sssmessssassssansssssans 10
16.1 ROULIME . ...ce vt eneerccree e eessaseseesessensassesessasesnsanensesesissssnssssasrassasss 11

1.6.1 L0 O O PO U OP 11

1.6.1 SECULILY 1ovviiiieeirie st e e s et s e st et s r s emessens se resceessbbabs bbbt s babtsbsats 11
1.6.1 Response Time and aCCUIECY ....oovvceererrereei et e et sisssss st ssartstesans 11

1.7 RoUNd ROBIN Loiiniereec e st sass st sas s van e srn s be e bar e ast s 11

2. LITERATURE SURVEY 14
2.1 One Hope Model.......coeiciniiiiinisssiieis i ssssssnssassonssssssses s sessssvess 15
22 MultiHope Model........ovviiiiiinin s s s 16
23 Cluster Based Model. ...t ssnssss s b nsaes 16
3. PROBLEM DEFINITION ....eirinnrirnsncnnrenns 24
3.1 Problem SCenarios........coreoerrerreee e s s 25
3.1.1 SCENAMO 1 .eveieirrrreceteeserertet e e ssne s reseresresesas s eee st s e s s st bbb bbb s s se e 25
312 SCONAIIO 2 evverereerersrsrerreseenen e s e et e st sentre e s e e s smeassre e s e s s s aassEsas b e bR sa e 26

4. SOLUTION AND METHODOLOGY........ 28
4.1  Proposed Routing Mechanism ...t senesneses 29
4.11 Energy Efficient & Hybrid Adaptive Next Hop routing Protocol................... 29

Vit

Zia ur Rehman 573-FBAS/MSCS/F09



Table of Contents

422 DESIZN FEAMITES c.ocvcvmecieiisiirerireree et te sttt ba s sn s 29
42 SOIUTION SCEMATIOS. .cevecirrirrmreereeecsieisiesesasas s ss s srsbsrer s rass st st sbs s nassenbssssassaansnss 32
421 SCENATIO Louiuiieiiirieiveerieresrmaeresessscs s teaese s eres st st ot sa s msamamssb st bt st baa e et s e e sresnes 32
422 SCENATIO 2.neceieiveeesireeme e iaetsrbssas s rssssssebeteassssssansnrssmssmesbostasenserananssasasararrarsasss 33
423 SCEIMATIO 3uouerverirevemesemmsirstrsesensseaseseeesesenesansasesassmssbussistssassenssnsssansasasassasomsasiosas 37
43 FloW Dairam ....c.coveuireeececiccisinistsiias s s st st s s rsa s srsnrn s 40
44 PSEU COGE o iiiriiceireriiaes e ceee s e rmeae e s ra e b b s s n g s b e 43
5. IMPLEMENTATION AND RESULTS............ 46
5.1 SIMULALON oo eeciesr it reet e s s e ms b e s e s s RSt s R 46
5.1.1 TOSSIT SIMIMUIALOT «.c..vivesieeeereve st isen s re s tan st e et 46
512 THNY OS c.over it ettt bt se s ems e b bt bR e st 47
513 NESC LANZUAEE .--.cceceereeirmrerissesissae e iemastes s sas st nrsssesense s bbb syt s 47

5.1.4 STMUIAION SEIUP ...voverremmreermcerecrsececssisssssssansssrssssssssessssssssessssssarsssnsreasesans: 48
5.2 Implementation Detail.........coommmmieeiiciii s 50
5.2.1 Energy Efficient & Hybrid Adaptive Next Hop routing Protocol with MRE..50
522 Energy Efficient & Hybrid Adaptive Next Hop routing Protocol With RR w3l

5.3 Simulation EXPeriments.....c..ccouimrnnuisrarionmsasase st sasssrsmsiess s st anscess 51
531 EXPeriment NO L ..ot s rasasnns 5
53.2 EXPEIIMENT NO 2 1ouerrreesveenmamarisessisnississsssssasinssessssssssssssmsrrssesssscsssssnassssassssssss 8
533 EXPEriment NO 3 ....ccuiiicrcmriseeseme sttt oottt s st e cs 52
534 EXPEriMENt NO 4 ...ovvniermiiniestestins et s 52

5.4  Performance MAatriX ....ovcererevreisnssiisesiss i iessies e st stese sesnniassares s nsessnssenens 52
541 Energy CONSUMPLON. .....curmsisirisseesssisinsisesseseremss i s rsmsssss s s sins s sascs 52
542 NEtWOIK LIRS c.eeveeees oot eetesteseess s e stssbessesrsssese s smesn st s barssasasnbasesansns 52
543 Average Packet SENd......cvmiiiiiinnrieii s 53
544 LOCAL WOEK. . ceiueiveuiererirtrenrrrssenescesesresessssassas s resssbssssnssnassseaseamsasbutisiasansmanssnsness 53
535 REMOE WOTK ....iiiveeretereeieene e erasrassmsn st saes s et eb s r s s s b e b abb s e s amesn s 53

5.5 RESUIS .ceececeetisiiereeeseeseseeseerensesaesrasanasamcsbanbabesansrasbs s sep g s St da e b s s s RS e s 54
551 Total Packets Send in the Netowrk With MRE.......ccoomrinnnni 54
55.2 Total Packets Send in the Netowrk With RR ..o 55
553 Average Packets Send in the Netowrk With MRE. ... 56
55.4 Average Packets Send in the Netowrk With RR...ccooiinminniiscnnns 57

ix

Zia ur Rehman 573-FBAS/MSCS/FO9



Table of Contents

555 Network Lifetime with MRE ... 58
556 Network Lifetime With RR ..coviceic ittt vmssernaneeens 59
5.5.7 Averge Network Lifetime with MRE. ... 60
5538 Average Network Lifetime with RR ... ccnresnnen 61
559 Local And Remote WOTK ..o csssssas 62
6. CONCLUSION AND FUTURE WORK semsesasbersbasbiasistass it s s a SRR RS RR s s RS s 64

6.1 CONCIUSION «vveveereerseerreeeireassenmeesaeeaaneessseseresesetsssesssss sasbesssssnssasnssssnnterassessasnnnsssseerasnss OO

6.2 Future Work

REFERENCES

Zia ur Rehman

573-FBAS/MSCS/FO9



List of Abbreviations

LIST OF FIGURES
Figure 1.1: Applicatin of Wireless Sensor NetwWorK .......cciouinironreinmesnsesicsetsinesenes st 3
Figure 1.2: Architectue of Wireless Sensor Network .........ouiimninecnen s 5
Figure 1.3: Hardware Architecture of Wireless Sensor Network ... 6
Figure 1.4: Wireless Sensor NOde. ...t e 7
Figure 1.5:Archeture of Wireless Sensor NOde .......cooorveriromeoenc it csesaenes 7
Figure 1.6: Round Robin SeleCtion.......ccciiiiii it 12
Figure 2.1: One HOp MOdel ...t tsrsn s st s saas 15
Figure 2.2: MUltiHOP MOGEL...c.coumiiiieciiiinir ettt st 16
Figure 2.3: Cluster Based Model ...ttt s 17
Figure 3.1 Next HOP SCENAMO ...t ssisss sttt s naes 25
Figure 3.2: Next Node SCenario........ o sstssssse e sasessas 27
Figure 4.1: Direct and Multihop Selection Process..........ccoviimnnninnciin 30
Figure 4.2: Selection of Intermidaite NOde.......o.oooemieiiiniic e 31
Figure 4.3: Algorithmm at TIME tg.....ccovcerisisinmnesmresrem sttt cb st sesesss s s bt ssssnes 32
Figure 4.4 Algorithm at TIME t) ...coccvrinvmrreerierscnt ettt sa b s e 34
Figure 4.4a: Algorithm at TIMe ty.....cocovviiiimretisienne e se s s e 35
Figure 4.4b: Algorithm at TIme t1........ovmrmrmrriniemicie s essne e cn st tasi s s 36
Figure 4.5: Selection 0f NexXt HOP ..ottt sasrsnssnes 37
Figure 4,5a: Selection of Next Node with MRE ..o 38

Figure 4.5b: Selection of Next Node With RR ... 39

Figure 4.6: Flow Daigram of Algorithm with MRE .......cccocoviiiiiiiin, 41

Figure 4.7: Flow Daigram of Algorithm with RR......cocoroviiniiiiiinniiii 42

Figure 5.1: Compiling the application ..ot e 48
Xi

Zia ur Rehman 573-FBAS/MSCS/F0O%



List of Abbreviations

Figure 5.2: Connection With GUIL.....c.coooiii e s 49
Figure 5.3: Graphical Presentaion of Application......c.occverrircnieinencnnei e, 49
Figure 5.4: Total Packet Send in the Network with MRE ..o 55
Figure 5.5: Total Packet Send in the Network with RR ..o, 56
Figure 5.6: Average Packet Send in the Network with MRE ... 57
Figure 5.7: Average Packet Send in the Network with RR ..o, 58

Figure 5.8: Network Life time With MR ..o 59

Figure 5.9 Network Life time with RR ..o 60

Figure 5.10: Average Network Life time With MR ..o 61

Figure 5.11: Average Network Life time With RR ..o 61

Figure 5.12:Local and Remote WOTK......cccovvvesvrrrrresiiesiinsi ettt 62
Xii

Zia ur Rehman 573-FBAS/MSCS/F09



List of Abbreviations

WSN:

LAN:

MAN:

WAN:

WLAN;

TOSSIM

NesC:

0s:

50s:

CH:

BS:

QoSs:

CPU:

GHz:

ROM:

RAM:

EEPROM:

FPGA:

DSP:

ASIC:

LisT OF ABBREVIATIONS

Wireless Sensor Network
Local Area Network
Metropolitan Area Network
Wide Area Network

Wireless Local Area Network
TinyOS Simulator

Network Embedded System C
Operating System

Sensor Network Operating System
Cluster Head

Base Station

Quality of Service

Central Processing Unit

Giga Hertz

Read Only Memory

Random Access Memory

Electronically Erasable Programmable ROM

Field Programmable Gate Array
Digital Signal Processor

Application Specific Integrated Circuit

Xiii

Zia ur Rehman

573-FBAS/MSCS/F09



List of Abbreviations

DPM:

DVS:

RSSI:

CRC:

ADC:

GUI:

CLI:

IDE:

DBG:

LED:

RFM:

AM:

LASER:

LEACH:

EYES:

AICR:

EECR:

CIDRSN:

IEEE:

Dynamic Power Management

Dynamic Voltage Scaling

Received signal Strength Indicator

Cyclic Redundancy Check

Analog to Digital Converter

Gragphical User Interface

Command Line Interface

integrated Development Environment

Debug

Light Emitting Diode

Radio Frequency Module

Active Messages

Light Amplification by Stimulated Emission of Radiation

Low-Energy Adaptive Clustering Hierarchy

Energy Efficient Networks

Adaptive Intra Cluster Routing

Energy Efficient Clustering Routing
Cluster ID based Routing in Sensor Networks

Institute of Electrical and Electronics Engineers

Xiv

Zia ur Rehman

573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

Chapter 1

Introduction

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

1. Introduction

Wireless sensor network (WSN) is playing very vital role in many industrial and consumer
applications including area monitoring, air pollution monitoring, forest fire detection, greenhouse
monitoring, landslide monitoring, machine health monitoring, agriculture monitoring, structural

monitoring etc.

1.1 Wireless Communication

“Wireless communication is the exchange of information between two or more than two nodes
without physical connectivity”, Wireless technology is playing an imperative role in
revolutionizing technology and has influenced many factors of technological advancement.
Some products including wireless technology are remote control devices, cellular telephones,
Personal digital assistants (PDAs), two-way radios, wireless Networking (Wireless LAN &

Wireless WAN), international mobile telecommunication, satellite communication etc.

Industries are increasingly turning to wireless technology to use the advanced features of
technology and to avoid high costs, As compared with wired structure, wireless technology
offers many advantages including increased flexibility by providing redundant and frequency
hopping wireless communication with any multimode, better performance ,easy installation and

low cost .

1.2 Sensor

“A sensor is a device that determines some physical change in environment and converts it into
signal that can be read by an instrument or an observer”, Thermometers for temperature
measurement, hygrometers for humidity measurement, barometers to measure atmospheric
pressure, rain gauges, snow gauges, pyranometers and solarimeters (solar radiation sensors),
lightning detectors, anemometers, wind vanes, weathervanes etc are the common examples of
sensor. Sensing, computing and communication are three main aspects which combine in single

tiny device called motes which are used in Wireless data communication.

2
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1.3. Wireless sensor network

“A wirelesses sensor network consists of various autonomous devices which are interlinked or
connected to each other and distributed in selected area, using sensor for checking and balancing

the environmental factors”
According to above stated definition we extract an equation.
Sensing + Computing + Communication = Wireless sensor network Application.

There are two main portions of WSN function, the sensing and computing. Sensing portion is a
combination of small, cheap and efficient sensor nodes called motes. These tinny nodes collect
the required information by sensing the area of interest while computing portion consists of a
very high profile system that has high processing capabilities called base station. Both these

devices communicate with each other by their radio transmitters.
1.4 Application of Wireless sensor network

The recent advancement in wireless sensor technology makes practical vision to deploy it in
thousand of applications; initially sensor technology was used for military applications in
battlefield context and defense advanced research purposes but during the last few years, a lot of

research has been directed to use sensor technology in civil applications as well.

Following are some popular domains which use Wireless sensor technology.

Figure 1.1 Application of Wireless sensor network
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1.4.1 Military Application

Wireless sensor network plays very important role in military operation, like Monitor Troops,
Friendly forces and equipment, Threat control, enemy military investigation, target tracking, war

damage assessment, nuclear, biological and chemical attack detection.

1.4.2 Environmental Applications

Wireless sensor network is also used to deploy on large geographical area to measure the
environmental factors like temperature, humidity, moisture , rain and snow gages , wind speed
and direction, meteorological forecasting, fire risk and providing early Warning for high risk
areas. Further it could help to monitor the crops and guide about irrigation and harvesting to
improve the quality and quantity of crops. Some renowned applications for measuring
environmental factors are Environment Observation and Forecasting System (EOFS), CORIE,

ALERT etc.

1.4.3 Health Application

Recent advancement in Wireless sensor network benefits health sector and presents some
application for healthcare domain to collect data about people’s physical, psychological and
behavioral process, to monitor medical equipment, to control and trace drug administration etc.
These applications are playing very important role in saving human life and bringing

advancement in the field of medicine to improve latest treatment and further research.

1.4.4 Home Application

Many concepts have been devised by the researchers and architects by utilizing wireless sensor
technology to develop home applications which are used in our normal life. Currently many
applications have been developed and they are being used in our daily routine which use
Wireless sensor technology like remote control for television and air conditioner, biometric

security system, access control systems, human sense power systems etc.
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1.5 Structural Design of Wireless sensor network

As we discussed in our previous discussion that wireless sensor network is the combination of
three main tasks; Sensing, Computing and Communication. These three tasks are divided into
two main portions, Sensing and Computing. Sensing portion is a combination of small, cheap
and efficient sensor nodes called motes. These tiny nodes collect the required information by

sensing the area of interest while computing portion consists of a very high profile system that

has high processing capabilities called base station.

Spaced at ~250 to 300 meters

Local Monitoring
Base Station

Sensor Field
Self forming wireless network

Figure 1.2: Architecture of a Wireless sensor network

We further divide WSN’s architecture in two main parts, Hardware architecture and software
architecture. This helps us to deeply discuss the structure and design of wireless sensor network.
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1.5.1 Hardware Architecture
Hardware platform design is an important part of wireless sensor networks. As we already
discussed, WSN consists of large number of small nodes with sensing, computation, and wireless

communication capabilities, and on a very high profile system that has high processing

capabilities. Typical hardware architecture along with both units has been described in Figure 1.3

WSN Measurement

Figure 1.3: hardware Architecture of a Wireless sensor network

1.5.1.1 Wireless Sensor Node

A wireless sensor node consists of sensing, processing, transforming and power units with their
responsibilities to determine the physical change in environment, process it by converting it into
signals and sending it to the base station. Sensor node is powered by the battery which is
attached with it so node can easily be deployed anywhere but only constraint is limited battery as
sensing node stops the work when the battery power ends. Many Sensor Node products are

available in market. These are used for different wireless sensor applications. Two commonly
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used sensor node are MicaZ and T-Mote Sky. Figure 1.4 shows the image of wireless sensor

node.

Figurel.4: The MicaZ wireless sensor node and The T-Mote Sky wireless sensor node

1.5.1.2 Components of Wireless Sensor Node

We further categorize a sensor node into four basic components which include sensing, processing,

power units and transceiver. A typical node with its components is presented in Fig 1.5

Figure 1.5 Architecture of a Wireless Sensor Node

A. Sensing Unit

A sensor is a device that measures any physical changes on desired area and converts it into a

signal. A wireless sensor node may include multiple sensors providing complimentary data. A
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sensing unit is typically composed of a number of sensors and an analogue to digital convertor
(ADC) which digitizes the signal.

B. Processing Unit:
A Processing unit provides the processing power for sensor node and coordinates the activity. A
microcontroller integrates processing with some memory provision and I/O peripherals; it is not

uncommon for a wireless sensor node to include some external memory.

C. Transceiver

A transceiver unit allows the transmission and reception of data to and from other devices
connecting a wireless sensor node to a network. Wireless sensor nodes typically communicate
using an RF (radio frequency) transceiver and communications tend to operate in the RF

industrial, scientific and medical (ISM) bands which are designed for unlicensed operations.

D. Power Unit

Wireless sensor nodes must be supported by a power unit which is typically some form of
storage called battery. In wireless sensor node environments where maintenance operations like

battery changing are impractical.

2.2.1.2 Base Station

Base station serves as a gateway in wireless sensor network (WSN) for collecting data from
different sensor nodes and further processing it as per requirement to generate results; it is a very
high profile system that has high processing capabilities, storage capacity and energy lifetime as
compared to individual sensor nodes.

1.5.2 Software Architecture

A critical step towards achieving the vision behind wireless sensor networks is the design of

software architecture. Software of wireless sensor networks must be efficient in terms of real
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* time on-sensor processing, time synchronization, and maximizing battery life, managing data and

events, and an easy to use user interface.

1.5.2.1 Operating system
Different operating systems are available to implement and develop routing algorithms for

WSNs which are specifically designed to address the needs of wireless sensor networks. Some

renowned and well-defined operating systems are given below

A. Contiki

- It is designed by Adam Dunkels for wireless sensor network which provides dynamic loading
and unloading of individual programs and services. It is multi threading which is applied per

process basis.

B. Energy Efficient Networks (EYES)
Paul Havinga et al presented an operating system which has capability for wireless
communication and ability to organize flexibly for large variety of wireless sensor network

applications.

C. Sensor network operating system (SOS}

* Chih-Chieh Han et al. presented an operating system for wireless sensor network that supports
runtime configuration of software, SOS ability to dynamically load modules like sensor driver,
application program and memory allocation.

D. TinyOS

It is a very renowned and well-defined operating system which is free, lightweight and open
source, developed for wireless sensor network. It is a component based operating system which

is designed to use minimal resources and its configuration is defined at compile time by

combining components from the TinyOS library and custom-developed components.
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1.6 Wireless sensor network (WSN) Evaluation Metrics

Many evaluation metrics are used to evaluate a wireless sensor network which has various
influences on the network in terms of lifetime, converge, cost, response time, security, accuracy
and reliability. Given below are some factors which have deep influence on wireless sensor

network.

1.6.1 Network Lifetime

Network Lifetime is a key characteristic for evaluation of the sensor Network. Lifetime of the
sensor network is the time of start of sensor network till the death of first node in the network. So
a single node failure would be the cause of end of lifetime of the whole Network. Each node in
. the network has limited size of battery which provides power to node for specific time from the
start of node. As the deployment of sensor network sensor nodes are scattered in the desired area
so it is very difficult to replace or recharge its battery. So we can easily say that Power is a major
constraint which plays important role in the lifetime of node. To maximize the lifetime of
Network, average energy consumption of the nodes should be as low as possible. A node
performs many important operations like sensing, processing and transmitting. More than 80 %
of energy is utilized during communication therefore an Efficient routing mechanism is required

which minimize the energy consumption and maximize the lifetime of the node and network.

1.6.2 Routing

Sensor nodes are scattered at selected areas with the responsibility to collect the information
from desired area and send it to the base station by routing data either to other nodes or directly
to base station. However sensor nodes are constrained with energy supply as limited power is
available for node and more than 80 % of energy is consumed during communication therefore
an efficient routing mechanism is required to minimize the energy consumption by avoiding
unnecessary processing and communication. Many routing models like direct /one hope model,
indirect/multi-hope routing model and cluster base routing are available to enhance the lifetime

of the network.
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1.6.3 Cost
The high rate of research and advancement in wireless communication has enabled the
development of low cost sensor hardware/software and ease of deployment. Total cost of the

WSN includes initial deployment and configuration cost, testing cost and maintenance cost.

1.6.4 Security

Security of any network system is a very common concern now days but security for wireless
sensor network has great importance as many sensor application are used in security matter like
military operation, battlefield etc, So it is important to keep the sense information secure and
authentic which blocks the intruder to communicate false information and may harm the network
or network operations. Therefore a lightweight security mechanism is required which can fulfill

the security requirements.

1.6.5 Response Time and Accuracy

System response time and accuracy is also a critical metrics for evolution of sensor network.
- Response time is a time in which a system responds to input user. In wirelesses sensor network
node must have ability to immediately communicate the high priority messages between other
nodes directly to base station. Response time should be less as information is transferred quickly

to base station and measurement result must be accurate and reliable.

1.7.4 Round-Robin

Round-Robin is a method for choosing all elements in a given group equally in balanced order,
usually from top to end of list and then again starts form the top of list till the completion of task.
Round-robin is a method of choosing a resource for a task from list which has main purpose of

load balancing. Every resource will be eventually chosen by the scheduler who prevents
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starvation. It is a simple scheduling algorithm for processes in operating system where time
slices are assigned to each process in circular order and equal portion for each process. round-
robin technique is also used in packet scheduling when there are more then on nodes are
available to receive the data then round-robin algorithm select every node one by one till end of

the last packets and each node will take equal share for receiving packets.

Round-robin scheduling work on fairness policy which has equal portion of time and packets for
each node and the node are waiting for log time will give scheduling priority. Round robin
- method is implemented in load balancing required like DNS server where more then one server
IP address are available and there IP address are assign to user on round robin basis. In multi-

access networks token access and channel passing schemes are also the examples of round-robin.

Fig 1.6 shows the Round robin scheduling where total 8 nodes are available to receive data and
round robin selection will send the packet to every node one by one till the completion of all

packets.

Fig 1.6 Round Robin Selection
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Chapter 2

Literature Survey

13

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

2 Literature Survey

Ideally, we would like the sensor network to perform its functionality as long as possible. My
focus in to save the energy through efficiency routing mechanism for that purpose in literature

review I have studied some of latest work done published in this area.

Kemal Akkaya and Mohamed Younis complete a survey on routing protocols in wireless sensor
network [10] for energy aware. They categorized routing protocols in three Different categories
Data-centric; hierarchical and location-based are discussed for routing protocols. In data-centric
~ routing, routes are created between addressable nodes which are managed by the network layer,
SPIN and Direct diffusion, energy aware routing, ramor routing , gradient base routing, CADR,
CAUGAR and ACQUIRE routing protocols are the example of data-centric routing. In
Hierarchical base protocols involves multi-hop communication, the main purpose of hierarchical
protocols to avoid latency in communication by overloading with the increase in sensor density.
Cluster base routing is the latest development in hierarchical routing in which a cluster is created
in the network which shares the information with his cluster head to efficiently maintain of
energy consumption. LEACH, PEGASIS, TEEN, APTEEN, and Cluster base routing are the
example of hierarchical routing. Location base protocols are designed to know the location
information of the sensor node which helps to calculate the distance between tow nodes and to
route the specific information to particular region. Location base protocol mostly designed for
" mobile ad hoc network for purpose of efficient consumption of energy by routing data to
particular region. MECN, SMECN, GAF and GEAR are example of location based protocols.

Jamil Ibriq and Imad Maghoub discussed design the routing protocol for wireless sensor
network. They grouped all routing model into three different models. Following is the

description of work done in each routing model.[11]
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2.1 One Hop Model:

This is simplest routing model of WSN which send data directly to base station, it does not
matter how far the node is from Base station, if it is in the range of base station then it send the

data to base station directly.[11],

Sensor Nede

Figure 2.1 One Hop Model

Limitations of One Hop Model

One hop model is not feasible because each node has limited transmission range and many times
their transmission cannot reach to base station. If we use direct routing in large network then all
nodes will send their data directly to Base Station. The node at maximum distance to BS will
have to consume extra energy to send its data to BS. So after sending very small amount of data
packets it utilize large amount of energy the death of that node will occur very soon which leads

to small network lifetime, So adopting direct routing in large network size is not feasible
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2.2 Multi-Hop Model:

In Multi-hop model sensor nodes chose their neighbor node to forward data toward the base
station instead of direct sending to base station. In this model less energy is utilized depending

upon the topology of WSN.[11]

Figure 2.2 Multihop Model

Limitations of Multi-hop Routing

If we use Multi-Hop routing In WSN then each node send its data packet to its neighbor so the
nodes closer to the BS will get maximum load of the network because they have to send their
own data as well as data from other nodes therefore the node closer to the BS will dead very
soon. If this scenario is considered in large network size, then huge number of data packets will
- be routed through these closer nodes. This will drain the energy levels of the closer nodes very

quickly. So MultiHop routing in large network size is also not feasible.

2.3 Cluster-Based Model:

A cluster is a group of resources that act like a single system and enable high availability and, in
some cases, load balancing and parallel processing. In WSNs whole network is grouped into
clusters. Each cluster one nose is act as cluster head that gets the sensed data from cluster

member nodes and then sends it to other cluster heads or direct to the base station [11]
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Figure 2.3 Cluster Based Model

Limitations of Cluster Base Routing

In cluster based model when cluster being created then no node can be added or removed at
runtime it remains as it is till the death of all the nodes. So this solution works only for static
networks. And the network near to base station will carry out the information of the many nodes
and overloaded which died quite early resulting in end of lifetime of network whereas some

nodes remained with lot of energy.

Heinzelman et al [16] developed a well-known classic routing protocol named LEACH (Low-
| Energy Adaptive Clustering Hierarchy), Author analyzed the energy efficiency of different
routing protocols like direct transmission, minimum-transmission-energy, multi-hop routing, and
static clustering. As per analysis of author in direct routing protocols the nodes located at far
from the base station required more power to send the data directly to base station and they die
quickly as well as in multi-hop routing the nodes located near to base station transmit heavy
amount of data as it carry the information receive from its neighbor so that nodes die quickly and
in static clustering nodes are organized in cluster which communicate with local base station if

the base station is an energy-constrained node, it would die quickly. Author proposed a new
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clustering base routing protocol LEACH (Low-Energy Adaptive Clustering Hierarchy) which
evenly distribute the energy load among the different sensor of the network. It is a self organized
routing protocol in which nodes organized themselves in a cluster and selected a Cluster Head.
And with the passage of time randomization rotation of Cluster Head based on high energy.
author compare the result of LEACH with other conventional routing protocol and proved that
by transferring of CH role from one node to other one, energy utilization can be reduced and
network life will be improved ultimately. But in this paper author focused only the selection of
the cluster head and have no change in routing techniques so as Moving the cluster head from
one node to another again involves execution of cluster head selection algorithm, which in turn

consumes energy and reduces the network lifetime

Goyeneche et al [13] presented a data gathering technique for wireless sensor network.
According to anthor’s proposed algorithm for data is gathered from distributed environment in
which each node in the network sends its data to its neighbor and that neighbor send data to its
neighbor and so on until data reached to that node who direct send data to base station and that
node will become Cluster head for all nodes who sending their data to it. That technique is only
used for data gathering as no energy efficiency is increase so for as the node who receiving data

from other nodes and sending to BS will dead very soon

A Manjeshwar classify sensor network based on their mode of functionality and then proposed
an energy efficient protocol for sensor network. According to author, there are two types of
network in sensor network. First one is proactive network in which nodes periodically switched
on their sensor and transmitters to sense the environmental changes and transmit data to
interested node. Second one is reactive network in which nodes sudden sense the change in
environment and transmits it to interested node. Further author proposed a routing algorithm
named TEEN (Threshold sensitive Energy Efficient sensor Network protocol) which is targeted
to reactive network. According to algo, every change in cluster, cluster head broadcast hard
threshold and soft threshold value to it member nodes. Sensor sense the information and saved in

internal variable called sensed value and then transmit the data only if the current value of the
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sensed attribute is greater then hard threshold and the current value of sensed attribute is equal or
greater then soft threshold . As transmission takes more energy than sensing, according to this
_ scheme sensing node continuously sense the information, so the energy consumption is
potentially is less. Author simulates and compares its results with LEACH and considered the
most efficient protocols, in terms of both energy dissipation and longevity. Although author
proved that his proposed technique is most efficient in energy but he didn’t describe the routing

issue.

Ming Ma and Yuanyuan Yang [15] proposed a cluster routing protocol for hybrid sensor network
by considering the problem of positioning of mobile cluster head. Proposed protocol is based on
two-layered structure which consists of two types of nodes, Basic static nodes and mobile CH.
Static node work at lower layer to sense that information and sent to the CH. At the higher layer
sensor works as a cluster heads which collect data from sensors and forward it to outside
observers. For maximizing the lifetime of the network cluster Head are allowed to change their
position and find the best location by moving in the sensing area at higher layer. According to
authors algorithm he proposed dynamic positioning technique for position of CH, and by getting
better location for a CH prolongs the lifetime and causes a balanced network. But author used
static routing technique for sending data to CH if effect adoptive routing would be used energy

efficiency can be achieved.

Anu Tuan Hoang and Mehul Motani proposed energy saving model [12] based on broadcasting
of sensor information directly to its cluster head by using Time division multiple access
(TDMA). According to his proposed algorithm two types of nodes are, sensing node and cluster
head node. Sensor node collects the data and sends it to cluster head by using direct routing
model and time division multiple access. Sensors in each cluster collaborate in transmitting their
data and at the same time receiving and compressing by using collaborative broadcasting and
compression (CBC) approach which conserve the energy. The node in one coverage area hear the
information even it is not for them, as information is broadcasted in one converge area so nodes

receive and utilize this information in compressing its own data. So the node carries out joint
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data compression in cluster base wireless sensor network. By using this functionality one node
can reduce the processing of its own data by overhearing other’s transmission. By using that
technique authors although achieved the energy but he used only direct routing between sensor
and cluster head communication which reduce the efficiency. If both Direct and Multi-Hop

routing used at the same time more efficiency can be achieved.

Bandyopadhyay in his paper [14] discuss many clustering algorithm for creation of cluster in the
network and election of cluster head and then define a technique for cluster creation in sensor
network and generate hierarchy of cluster head which extended more then one level of
clustering. He proposed an algorithm in which sensor nodes are organized into clusters
randomly, then first elects the level-1 cluster heads, then level-2 cluster heads, and so on, In one
cluster, a cluster head can be advertise a limited number of hops which minimize the energy
consumption by limiting the CH advertisement to specific no of hops. Author simulate its
~ algorithm and results that energy spent in the network reduce by increasing the number of levels

of cluster

In hierarchal clustering algorithm author proved that energy can be minimize. Author used direct
routing while communication between sensor and cluster head. As the mixture of the two routing

techniques are out of scope in this paper which results in reducing the network lifetime.

Israr [17] proposed multi-hop clustering algorithm based on cluster based routing concern with
Load balancing in WSN with energy efficiency. According to his proposed algorithm, two
layered communication is achieved by using temporary Cluster Head. Authors algorithm
comprise with two distinct phase, the setup phase in which temporary cluster head are elected ,
cluster head selection is random and is dependent on the amount of energy of a node has left and
the data transmission phase in which all node transmit data by using TDMA . According to
proposed algorithm, the network is divided into two layers. Nodes at bottom layer send data to
respective temporary CH and at top layer the temporary CHs adopt multi-hop routing to deliver
the data to the Base station. Although author proves that his algorithm is energy efficient but
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selecting temporary CH phenomena required another algorithms. As execution of some cluster

head selection require more energy and lifetime of the network will decrease

Another Efficient Self-Reorganizing Slot Allocation (SRSA) mechanism for WSN is proposed
by Tao Wu and Subir Biswas [18] in which Author used Self-Reorganizing Slot Allocation to
avoid the collision. Due to broadcast nature of the sensor node one node may fall in the coverage
area of other cluster which causes the data collision. Author avoid collision by using (SRSA) in
two steps. First it detect the collision, in second round reorganize the TDMA frame to collision,
but that research work is related MAC layer protocol which is based on feedback adaptive
reorganization of slot allocation mechanism on MAC layer that reduces the inter cluster
interference. Author achieved energy efficiency by using SRSA mechanism but routing issue is

not described in this paper.

Irfan Ahmed et al. [19] presented algorithm for WSN which is cluster ID based routing scheme
~ for energy efficiency .Cluster based WSN worked in rounds in each round routing table are
formed, large number of energy consumed during formation of routing tables and cluster head in
the middle and those near to the base station carry heavy data and become dead very soon.
Authors proposed new routing protocol CIDRSN (Cluster ID based Routing in Sensor Networks)
which used cluster size adoption method to distribute the load uniformly and used Cluster ID
based routing instead of CH-ID in routing table. When node send data to cluster then Cluster ID
is used as a next hop instead of cluster head ID. That scheme eliminates the cluster creation
process in each round. And w increase energy efficiency and lifetime of the network. Author
only consider adaptive feature in routing and cluster will remain static till the end of network as

no node could be add or remove from one cluster.

Another adoptive intra-cluster routing protocol presented by Akhtar et al. {20] in which direct
and multi-hop model are both used. Authors proposed algorithm comprises on three phases.
Phase I include cluster head selection. Base station will select the cluster head on the basis of

energy level, geographical area and least ID. Phase II include cluster formation in which each
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selected cluster head broadcast its status. The nodes getting high Received Signal Strength
Indicator (RSSI) value will join the cluster. Phase I1I include inter cluster routing in which a
close region is formed by the nodes near cluster head. Nodes related to close region will send
data direct to the cluster head and the nodes outside from close region will send data to their
neighbors. Author complied the simulation result and compared it with well know existing
technique and found that his proposed technique is more energy efficient .Although author
achieve energy efficiency and improve the lifetime of the network but the nodes near to close
region and using multi-hop routing overloaded as sending the data of many node along with

itself which cause early death of that node and the lifetime of the network will decrease.

Bashir Ahmed presents a Hybrid Adaptive Intra-cluster Routing protocol for energy efficiency.
He uses direct routing along with multi-hop routing, Nodes change their routing model from
direct to multi-hop on the basis of their current energy level. At the start of the network every
node in the network send its data to base station, after some time a close region is created for
long distance node and these nodes start multi-hop routing. Close region size will increase with
the passage of time. All nodes that have their energy level equal or less then specified energy
level will become the part of close region and use multi-hop routing. Researcher use technique
in expanded size of region on the basis of remaining energy of nodes and achieve the energy
efficiency but he didn’t describe that how many intermediate node will be use in multi-hop

routing and which node will be used as intermediate node.
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Chapter 3

Problem Definition
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3 Problem Definition.

As we discussed previously, wireless sensor network is used in many applications which helps in
different fields like military applications, civilian technologies like monitoring the physical

conditions such as weather conditions, regularity of temperature controlling traffic etc.

Sensor nodes have very limited size of battery. Energy awareness is an important design issue so
different routing models are developed to perform the routing tasks efficiently with using low

power recourses to save the energy.

In above research work, we thoroughly discussed the routing models and their limitations
subjected to energy efficiency and scalability of network and various different routing protocols

to make utilization of energy more efficient.

Adaptive routing mechanism for WSN is an efficient energy utilization technique taking benefit
of both direct and multi-hop model and change the routing model according to the conditions.
Our major research objective is to achieve efficient utilization of energy of each node within the
WSN. We will provide a routing protocol which provides load balancing for transformation of

nodes data to base station.

According to latest work done by the researcher to present adoptive intra-cluster routing protocol
for WSN two main problems arose; one is to find the next hop and second is to find the next

node. We will further discuss these problems in detail.
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3.1 Problem Scenarios:

There are two problems in latest research of intra-cluster based routing which are discussed in

following scenarios.

3.1.1 Problem Scenario 1

Fig 3.1 shows the problem scenario within intra-cluster routing model. We also discussed an
adoptive intra-cluster based routing protocol in which nodes enter from one hop model to multi-
hop model on the basis of remaining energy. Initially each node uses hop routing model and send
its sensed information directly to the cluster head but with the passage of time and on the basis of
remaining energy node will change its routing model from one hop to multi-hop routing model.
When a node switched from one hop routing model to multi-hop routing then how many hops

used to find next node.
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Figure 3.1: Next Hop Scenario
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In above mentioned figure, we categorized node in 5 different groups on the basis of distance.
We choose node number 29 as a source node that wants to send its sensed information to cluster
head. Each group contains some nodes which have same distance to node number 29 i.e. nodes
in group 1 have same distance from node 29. Nodes in group2 have same distance and so on till
groups 5. Now at the start of the network, Source node (29) uses one hop routing and sends its
sensed information directly to the cluster head, when its energy level becomes less than a
specific level it shifts its routing model from one hop model to multi-hop model. Now the
problem is when source node uses multi-hop model then what intermediate node can be used and
- what would be its distance from source node, as there are five different groups in cluster and in
each what is the criteria to use intermediate node. Since it is not described that how many nodes

will be used as intermediate nodes, this solution remains incomplete and inefficient

3.1.2 Problem Scenario 2

Fig 3.2 describes the second problem in intra-cluster routing which is to find the next node. Same
scenario as describe in previous figure. The source node want to send its sensed information to
cluster head and the nodes are grouped in the cluster on the basis of distance. When source node
(29) use multi-hop routing model and also find its next hop. Now it has to find, what will be the
next node used for the multi-hop routing as there are five different groups. Each group has more
" than one node which has same distance from source node, now the question is which node will

be used as intermediate node then.

In below figure, we assume that source node selected group 3 to send its data through that
distance of group 3. Eight nodes are in selected group which are at same distance to source node,
now which node will be selected to routing and on which basis intermediate node will be
selected. Absence of this information affects the overall efficiency of routing protocol and

reduces the network lifetime.
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Figure 3.2: Next Node Scenario

In above problems scenarios, we found the two problems when node will use multi-hop routing
~ model in intra-cluster routing. First problem is to find the next hop and second is to find the next

node. The absence of this information will affect the mechanism of selection of multi-hop

routing model.
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Chapter 4
Solution & Methodology
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4.1 Proposed Routing Mechanism

To overcome above mentioned problems, we proposed a solution which is complete in every

aspect for present problems of finding the next hop and next node in wireless sensor network.

In this chapter, we will discuss the proposed solution and methodology.

4.1.1 Energy Efficient & Hybrid Adaptive Next Hop Routing

Routing is the key point in wireless sensor network, it effects on the energy consumption of each
node while communication to other node, because as much complex and non efficient routing
used in wireless network it increases the energy consumption of node. This results that the node
will be dead soon, so every researcher specially focus on routing in WSN while doing research in
WSN.

Adaptive routing mechanism for WSN is an efficient energy utilization technique which takes
the benefit of both direct and multi-hop model and change the routing model according to
conditions.

Our major research objective is to achieve efficient utilization of energy of each node within the
WSN. We will provide a routing protocol which provides load balancing for transformation of

nodes data to base station.

4.1.2 Design Features
Our proposed routing protocol “Energy Efficient & Hybrid Adaptive Next Hop Routing” have

following features.
e Solution of two problems “to find next hop and to find next Node™.
» Energy efficient routing mechanism.
e« Adaptive routing mechanism to change routing model from one hop to multi hop.
e Increase to lifetime of the network.

e Better than traditional routing techniques.
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Our proposed solution is based on two problems. One is to find the next hop and second is to
find the next node. We proposed an energy efficient routing mechanism for WSN and we called
it Adaptive Next Hop Routing. In our proposed mechanism all the nodes start with one hop
routing model. It means at the start of the network every node sends data directly to BS or to

cluster head in case of cluster based computing.

After some time energy of few far distance nodes start decreasing very quickly as compared to
the nodes those are near to the BS or cluster head. Whenever energy of the nodes reach up to a
specific threshold it can shift from one hop routing to multi-hop routing. In Multi-hop routing
calculation of remaining energy of node will continuously perform to select intermediate node.

Fig 4.1 shows the process of shifting a routing to multi-hop routing node from direct.

Figure 0.1 direct and multi-hop selection process

When a node is shifted from direct routing to multi-hop routing, two main tasks have to be
performed which are the core objects of the protocol. First one is to find the next hop and second

one is to find the next node. Which node is to be selected as intermediate node when we have
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decided that next hop will be after four hops and more than one nodes are available at 4 hops
then which node will be selected for routing.

In multi-hop routing two main processes will run by the algorithm. One is next hop selection
process and second is next node selection process. Next hop selection process will select the next
hop for the source node. After selection of next hop it needs to find the next node, as if the
number of node in selected group for next hop is more than one then another selection process
needed to find the next node which is next node selection process. So our proposed algorithm
first checks the number of nodes in selected group if there is only one node in next hop group
then it is selected as a next node but if the nodes are more than one then next node selection
process will be selected to chose the perfect node to carry the data to base station. Fig 4.2 show

the selection of intermediate node process

Figure 0-2 Selection of intermediate node

As the time passes and the remaining energy of the nodes further decreases, the adaptive nature
of our proposed solution changes the formula to calculate the next hop and the next node to send
data to base station. This mechanism efficiently allocates the next hop to the sensor nodes and

balances the load on the network nodes to increase the overall network lifetime.
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4.2. Solution Scenarios

We divided the working of proposed solution in different scenarios on the basis of time
slots. As the time passed the working of algorithm will change. We denoted that time slot as ty,

ty, t; ..... to. In following sections we discussed each scenario in detail.

4.2.1 Scenario 1: At time slot t

Fig 4.3 shows the area of sensor network at the start time which is denoted as ty where sensor
node place in the area by using grid topology. Each node in the given area has same distance to
other node. We chose node 0 as a cluster head. First, algorithm calculates the energy of each
node. If the energy is greater than a specific threshold which is defined in the algorithm to chose
~ direct routing then direct routing model is selected and data sent directly to cluster head by the
source node. At the start of the network each node has full energy so every node chose direct

routing. As shown in the fig 4.3 the source node 29 sent its data directly to cluster head.

Cluster Head

, IR I I ;

Figure 0.3 algorithm at time t;:
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4.2.2 Scenario 2: At time slot t;

The nodes which are at far distance form cluster head consuming more energy to transmit their
data directly to cluster head, after some time their energy level become less than a specific
threshold which are selected for direct routing . Fig 4.4 shows that time interval which is denoted
as t1 where source node 29 select multi-hop routing. Now it is time to select the intermediate
node. Intermediate node selection process has divided in two main parts. One is to select next
hop and second is to find the next node. Algorithm first calculates the energy level of the source
node and as per remaining energy of the node next hop is selected, Described below is the

formula is to calculate the next hop.

THV= Thrash Hold value

If the remaining energy of the souse node > THVO then Direct routing (direct to cluster head)
If the remaining energy of source node > THV1 then multi hop routing (Cluster head -1)

If the remaining energy of source node = THV2 then multi hop routing (Cluster head -2)

If the remaining energy of source node = THV3 then multi hop routing (Cluster head -3)

If the remaining energy of source node = THV4 then multi hop routing (Cluster head -4)

If the remaining energy of source node = THVn then multi hop routing (Cluster head -n)

Else source node = dead node.

Fig 4.4 shows the selection of next hope group. Algorithm calculates the remaining energy of the
source node and declares that its remaining energy is greater than THV1 then it selects CH-1 as
next hop. Now it checks that how many nodes are in CH-1 group and finds that three nodes 1, 6
and 7 have the same distance from the source node and selected in CH-1 and they have their

distance on one hop form cluster head and they are selected as next hop for the source node 29.
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Figure 0-4: working of algorithm at time t,
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Now the second process is to find the next node as if there is only one node which have CH-1
distance then it is selected as next node but if there is more than one node CH-1 distance then we
require another process to find the best node to chose as a intermediate node, we selected two

methods for choosing the next node.

1 On the basis of remaining energy

If the nodes are more than one in having one hop distance from cluster head then we check the
remaining energy of each node and the node have more energy then each other will be selected
as next node as shown on fig 4.4a. Where three nodes are selected as next hop and node 1 is

selected as next node because it has more remaining energy than other two nodes
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Cluster Head

CH-1

¢ ¢ ¢ ¢ ¢

Figure 0-4a: working of algorithm at time t,

2 On the basis of Round Robin selection

Second method is selection of next node by round robin method which equally loads on each
node and send data one by on each node. As shown in fig 4.4b that three nodesl, 6 and 7 are
selected as next hop source node sends it data to CH-1 node it equally divides its load on these
three nodes and sends one by one packet to each node. First packet to node 1 second packet to

node 7 and third packet to node 6 and then comes to node 1.
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Figure 0-4b: working of algorithm at time t;

After some interval the remaining energy of the source node will again decrease. That time is
denoted as t2. Then the same procedure will repeat to find the intermediate node. Algorithm first
calculates the remaining energy then selects the next hop and then finds the next node. In fig 4.4,
4.4a and 4.4b next hop is selected as CH-2 and where nodes 2, 8, 12, 13 and 14 have 2 hop
distance form cluster head then by using next node selection method source node sends it data to
node 12 which have more remaining energy then other nodes and second method is round robin
~ where source node sends its data to each node equally distributing the load b sending each packet

to each node.

36

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

4.2.3: Scenario 3: At time slot t;

After some time interval the remaining energy of the node will decreases more. Now the
intermediate node will be change because as per formula source node will change the
intermediate node on the basis of remaining energy. As energy decreases the new intermediate
node will be selected. In time slot t; when remaining energy of source node will less the THV2
then is till selected the intermediate node which is CH-2 which is on the distance of 2 hop from

Cluster head. Fig 4.5 shows the next hop group which is selected as intermediate node

Cluster Head
[] T ) 9 w0 n
[ L [ 4 L [ 4 ¢

, ¢ 1

Fig 45 selection of next hop

When the next hop is selected from source node to send the data to cluster head then it 1s
needed to decide the next node from selected next hop group. If there is only one node in next
~ hop group then data will be sent to that node but if there are more than one node in next hop

group then there are two methods to find out the next node which are discuss following
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1 On the basis of remaining energy
Same as time slot t1 algorithm calculates the remaining energy of each node and selects
the node with maximum remaining energy and that node will be chosen as next node from that

specific group fig 4.5a shows the node 12 with maximum energy is selected as next node

' ¢ lel & & &
Cluster Head

] 1 ] 9 L] n

€ [ 4 [ 4 [ [ €
] @\ ¢ il ¢ & %
CH-2

¢

¢ - ¢ ¢

Fig 4.5a selection of next node with MRE

2 On the basis of Round Robin selection

Second method to select next node is round robin method which equally loads on each node and
sends data one by one on each node, as shown in fig 4.5b where total five nodes2, 8, 14, 13 and
12 are selected as next hop. Source node sends its data to CH-1 node it equally divides its load
on these five nodes and sends one by one packet to each node. First packet to node 2 second

packet to node 8, node 14, node 13, and node 12 and then comes to node 2
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fig 4.5b selection of next node with RR

By implementing the above mentioned mechanism, we achieve long life of wireless
sensor network because the load is balanced among all the nodes, resulting every node can utilize

its maximum energy with more efficiency.
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4.3. Flow diagram

Flow diagram will illustrate the flow of data from source node to cluster head from the start of
the network to death of first node.

Before we study the flow diagram we must know the following terminologies:

1:

At the start of the network, every node has 100 % energy.

2: Every node will share its remaining energy to each other node.
3: Direct Routing = source node send data directly to Cluster Head.
4: THV= Thrash hole value specified by the user.

5: R.E= Remaining Energy.

6:
7
8
9

CH-1= all the nodes that are at the distance of one hop from cluster head.

: CH-2= all the nodes that are at the distance of two hops from cluster head.
: CH-3= all the nodes that are at the distance of three hops from cluster head.
: CH-4= all the nodes that are at the distance of four hops from cluster head.

10: CH-n= all the nodes that are at the distance on hops from cluster head.

11: Dead node= the node with 0 % remaining energy.

We have two methods for selecting the next node. One is the selection of next node on the basis

of maximum remaining energy and second is on the basis of round robin selection.
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4.3.1Method 1: On the basis of Maximum remaining Energy

fig 4.6 Flow Diagram of algorithm with MRE
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4.3.2: Method 1: On the basis of Round Robin Selection

fig 4.7 Flow Diagram of algorithm with RR
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4.4 Pseudo Code

Initialization

Direct Routing = source node send data directly to Cluster Head.

THV= Thrash hole value specified by the user.

R.E= Remaining Energy.

CH-1= all the nodes that are at the distance of one hop from cluster head.
CH-2= all the nodes that are at the distance of two hops from cluster head.
CH-3= all the nodes that are at the distance of three hops from cluster head.
CH-4= all the nodes that are at the distance of four hops from cluster head.
CH-n= all the nodes that are at the distance of n hops from cluster head.

Dead node= the node with 0 % remaining energy.

START
1: Send Data Directly to Cluster Head.
2: Calculate Remaining energy periodically.
3: If the Remaining energy <IT'VO0 then
Start Multi-Hop Routing

Else

Continue Direct Routing
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Multi-hop routing
Compare Remaining Energy with THVs
If (Next Hop = = Nodes hop+1)
Next hop will remain same
else
Select Next Hop on the basis of THV
If Number of node in Next Hop=1 then

Send Data

Else
Select Next Node

If Remaining Energy= 0 then
Node= Dead

End

Next Node Selection Process
Check the Next Node Calculation Method
If Method = MRE
Calculate the R.E of every node of the Next Hop
Select node with maximum energy
Send data to selected node
If Method =RR

Send data to the next hop nodes on round robin basis
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Chapter 5

Implementation & Results
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5 Implementation & Results

In this chapter, we will discusses the simulation details, assumptions ,topology, implementation
details and scenarios and obtain the results with two proposed methods and further discuss the
comparison of recent results with traditional algorithms then explain the results and comparisons
by graphs. We will use TOSSIM simulator for simulation. We will discuss its features then
compiling procedure of application, nesC language and its details. Three different methods will
be used to obtain the result with two proposed solutions. Simulation results of proposed

solutions will be compared with the results of traditional algorithms

5.1 Simulation

Simulation is the process to check and verify the proposed application in artificial
environment so before real implementation the error and flaw can be checked. Wireless sensor
network contains costly hardware and is not commonly available for research purpose. So

researcher prefers simulator to check and verify the proposed algorithm for WSN.

There are many simulators available in the market for WSN applications. We use TOSSIM

Simulator with tiny OS operating system and with nesC language for simulation of our proposed

solution. The details of each simulation tools is given below

5.1.1 TOSSIM Simulator

TOSSIM simulator is specially designed for simulation of wireless applications which
can easily handle the network with more than thousand nodes with user-friendly and easy to
handle features. It has special characteristic for WSN that after compiling the code it can be
burnt on motes without further modification. It has 4MHz simulation time which is equal of 4 x
10° ticks/second and that code in TOSSIM runs without any delay which mean that TOSSIM has
99.9 % accuracy in term of time.
TOSSIM has feature of flexibility which means that a module can be added or removed and can
easily connect the external tools to achieve the required functionality which has no effect on

efficiency, for example radio model is not available in TOSSIM but a java base tools
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“LossyBuilder” can be used to achieve radio model and the input file is imported in TOOSIM to
simulate the radio application, same like power/energy, building, network etc models can easily

be added in TOSSIM for specific related applications.

5.1.2 TinyOS

Tiny OS is component based operating system written in nesC language designed for
wireless sensor network. It is an open source embedded operating system which was initially
release in 2000.Tiny OS provides interfaces and component for routing, packet communication,
storage, sensing many common abstraction. TinyOS provides sensor driver which can be easily
configured and tested. It also provides the radio component which has many features like media
access control (MAC) capability, detection of channel activity, collision avoidance, scheduling,
data transfer, and power management. TinyOS has become the platform for sensor network
research as sensor motes have limited hardware in terms of memory, power and processing so a
very flexible and lightweight operating system is required for that hardware. TinyOS has all the
features which a sensor mote requires. It is not an operating system in traditional sense rather it is
a programming framework for embedded systems to set the components to achieve the required
target. Each component in TinyOS has one or more interface and three computational
abstractions which are command, event and task, .command and event is used to inter-

component communication and task is used for inter-component concurrency.

5.1.3 nesC Language

nesC is the abbreviation of “Network Embedded Systems C” which is programming
language having the syntax same like C language. It has characteristics of component -based and
event driven which are special requirements to write the programs for embedded devices.
Wireless sensor network also uses embedded devices like motes which operate by Tiny OS and
- these motes sense information and forward it to required destination with event driven
characteristics.
We required rpm packages and cygwin to install nesC complier. nesC has interfaces as port with

each component which is used to communicate with other components. These ports are called
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bidirectional because these are used for receiving and sending both at same time. Two files are
created for nesC Programming Configuration file and module file. Configuration file contains
the information of connection or wiring of one component to other component or how two
components are bound to each other by their interfaces and module file contains the actual

implementation of application

5.1.4 Simulation Setup

We used TOSSIM as a simulator for simulation of our proposed technique, basically TOSSIM
runs on Linux. We used a Linux emulator Cygwin to use TSSIM in windows environment and
then configured Tiny OS. After configuring Tiny OS, code is written in nesC language and for
compilation of the code we run Cygwin shell, after running cygwin shell we go to the
Application directory and write make pc. Pc is used for simulation purpose in TOSSIM. Fig 5.1

shows the compiling process of application in Cygwin.

(194

y hui lidspe
wiling §

NI
sl upi ion

Fig 5.1: Compiling the Application
After compiling we need to run the application, TOSSSIM also supports GUI where we can see
the graphically view of running application. TinyViz is a popular tool for TOSSIM to support
GUI, for running the compiled application. We need to open Cygwin shell, go on the director of

the application and write command build/pc/main.exe —gui 30 —t120sec it means that simulation
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will automatically stop after 120 second . Fig 5.2 shows the connectivity of application with

TinyViz Gui module.

faptitinyos 1. xfappsihesis/Surge

Fig 5.2 Connection with GUI
For graphical presentation we need to run another command to open GUI interface of
application. We open another Cygwin and run command java net.tinyos.sim.TinyViz .fig 5.3

shows the graphical presentation of running application
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Fig 5.3 Graphical Presentation of application
In Fig 5.3 you can see two portions one is showing the graphical presentation of node. Node with
circles mean initialization of nodes and nodes with line means data transferring, second portion

showing the details of each node with packet sending and remaining energy.

Following are the setup for simulation of our proposed application.

49

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

1: Geographical area is 75 sq Feet.

2: Total 30 nodes is used in a cluster.

3: Nodes IDs from Node 0 to Node 29.

4: All nodes are in grid layout.

5: Distance between two nodes is 15 feet which will remain fixed.

6: Node 0 is selected as cluster Head.

7: every node will share its current energy level to other node.

8: Remaining Energy will periodically checked by every node.

9: Each node will have 100 % energy level at the start of the network.

10: Energy Efficient & Hybrid Adaptive Next Hop Routing protocol runs on every node.

11: Physical environment will remain same for all the nodes.

5.2 Implementation details

The main purpose of our proposed algorithm is to find the intermediate node and perform energy
efficiency, in our proposed algorithm two types of selection process for choosing the
intermediate node, one is next hop selection process and second is next node selection process
when next hop group is selected and there is only one node in selected group then data sent to the
that node but if there are more than one nodes in selected next hop group then we used two
methods for selection of next node, one is on the basis of maximum remaining energy and

second is on the basis of round robin. Following are the details of two methods

5.2.1 Energy Efficient & Hybrid Adaptive Next Hop Routing with Maximum remain
Energy selection

We assume that every node will check its reaming energy periodically and inform to all other
nodes about its current energy level. In this method energy is calculated of each node of the next

hop group and the node with maximum remaining energy is selected as destination node.
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5.2.2 Energy Efficient & Hybrid Adaptive Next Hop Routing with Round  Robin
selection

In this method next node selection is based on round robin method each node in the next hop
group will be chosen as a next node one by one for a particular time period and data is sent to

that selected node

5.3 Simulation Experiments

We perform four different experiments with different scenarios and parameters in simulation.

5.3.1 Experiment No 1

In first experiment we select the energy level of each node that is 300 mlJ, Total number of nodes
in the network is only 30 nodes, geographical area covered by the network is 75 sq Feet,
topology layout is grid, node O is selected as cluster head and simulation time is approximately

20 minutes. Table 5.1 shows the list of parameters considered for the simulation.

Table.1: Simulation Parameters - Experiment no 1

Parameters Value
Layout Topology Grid
Simulation Time 20 min
Maximum Energy level 300 mJ
Distance Unit Feet
Cluster Size (Nodes) 30
Cluster Head Node 0
5.3.2 Experiment No 2

To check the efficiency in details we changed the energy level and simulation time In this 2n
experiment. Energy level of each node is taken 600 mJ at the start of the network and simulation

time is 40 minutes. Other parameters are kept constant.

51

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

5.3.3 Experiment No 3
In this 3rd experiment energy level of each node is increased from 600mJ to 900 mJ and

simulation time for that experiment is 60 mints. Other parameters are kept constant.

5.3.4 Experiment No 4
In this 3rd experiment energy level of each node is increased from 900mJ to 1200 mJ and

simulation time for that experiment is 120 mints. Other parameters are kept constant.

5.4 Performance Matrix

Following are the performance matrixes which we will measure after implementing our

proposed Algorithm

5.4.1 Energy Consumption

Energy consumption is very crucial and important part in wireless sensor network by
optimizing the energy consumption we increase the lifetime of network. Energy consumption in
WSNs is greatly based on Routing protocol, every protocol which optimizes the energy
consumption with accurate result in WSNs is known as best routing protocol, our next hop
routing protocol is also on energy efficiency and aims to increase the lifetime of the network
with target to achieve desired results. So in result we measure the energy consumption of every

node in the network.

5.4.2 Network Lifetime

The time when first node in the network becomes dead is considered the lifetime of the
network. It is also a key characteristic of wireless sensor network for evaluating performance of
network. Our proposed protocol is specially designed to increase the lifetime of the network and
we will measure the network lifetime of wireless sensor network in our proposed protocol by

calculating the first and last packet received form each node.
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5.4.3 Average Packet Sent

Every node sends its sensed information to other node or cluster head in form of packets, to
know the efficiency of routing protocol we measure that one node send how many packets and
what are the number of average packets within the network, an efficient algorithm is with more

packets within specific time periods.

5.4.4: Local work

In wireless sensor network two types of work are done by a node, local work and remote work.
Local work means that a node to sense the information from environmental changes and then
send it to the next node or cluster head. Our proposed algorithm is to keep the balance between
local work and remote work to increase the efficiency of the network so we measure the local

work done by the each node in the network.

5.4.5 Remote Work

Node is also responsible for remote work which means to receive the data from other nodes and
then send it to the next node or cluster head. Our proposed method which is mixture of direct and
multi hop routing so we find the remote work done by each node and then analyze its

performance.

5.5 Results

We simulated our proposed algorithm with above mentioned simulation parameters and obtained
the results. We compared our obtained results with other four techniques i.e. Direct, Multi hop,
Adaptive and hybrid adaptive. On the basis of four experiments with energy level 300,600,900
and 1200mJ we calculated the results and then compared obtained results with other techniques.
Comparison of our proposed method’s results is shown in form of graphs which show the
efficiency of proposed algorithm. The comparison of results with other techniques intermesh on

following matrix.
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5.5.1 Total packet sent in the network with Maximum energy remaining

In this experiment we set 300mj as initial energy level on all nodes of the deployed network.
After that we activate the network and measure how many packets are sent during the lifetime of
the network. We find that our solution gives the better results as compared to other solutions.
1440 packets are sent by deploying direct routing, 1229 packets are sent through multi-hop
routing. Adaptive solution sent 2070 packets and hybrid adaptive solution results in transmission
of 2520 packets. When we test our proposed mechanism we find that total 2730 packets are sent
in the network. So our solution is transferring 210 more packets as compared to latest available
technique. The reason of this increase is efficient use of the intermediate nodes according to the

requirements and energy of the sending node.

Total Packets Sent in Network

3000 2730

2500
2070
2000

1500 140 1229
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500

Direct Multihop Adaptive Hybrid Adaptive Adaptive Next
Hop (MRE)

Number of Packets Sent

Routing Protocol

Figure 5.4: Total Packet Sent in the Network with MRE
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5.5.2 Total packet sent in the network with Round Robin Selection

We simulate the same matrix (packet send in the network) with same parameter by using round
robin selection method and found that its results are also better than all other techniques. The
total number of packets sent in the network for specific energy level is 2610 which mean that our
proposed method with round robin technique transfers 90 packets as compare to other available
techniques. Fig 5.2 shows the graphical presentation of comparison of next hop routing round

robin selection method with other techniques
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Figure 5.5: Total Packet Sent in the Network With Round Rebin Selection

5.5.3 Average packet sent in the network with Maximum energy remaining
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Figure 5.3 shows the comparison of our proposed algorithm which is adaptive next hop routing
protocol with maximum energy remaining method with other four techniques by calculating
average packet sent in the network . We calculate average packets sent in the network by finding
how many packets sent by all nodes during specific time period and then divide total packets
with total number of nodes then we find the average packets sent in the network in a specific
time duration. We calculate this average packet by setting four different energy levels of every
node. Firstly we calculate average packets by setting 300 mJ energy level of each node then 600
mJ then 900 mJ and finally 1200 mJ and found the average packets transmitted in the network
which are 87,198,314 and 386 simultaneously then compare these results with direct, multi-hop,
adaptive and hybrid adaptive. As a comparison we find our proposed technique sends more
packets than other techniques in all four energy level. At 300 mJ energy it send 7 packets more
than other technique at 600 mJ energy it sends 15 packets more at 900 mJ energy its sends 27
packets more and at 1200 mJ energy level its sends 25 packets more than the other techniques.
The reason of this increase is efficient use of the intermediate nodes according to the

requirements and energy of the sending node

Average Packet Sent at Different Energy Levels
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Figure 5.6: Average Packet Sent in the Network With MRE
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5.5.4 Average packet sent in the network with Round Robin Selection
We simulate the round robin method for calculating the average packets in the networks

Fig5.2 show the comparison of next hop routing round robin selection with other routing

techniques in average packet send in network.
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Figure 5.7: Average Packet Sent in the Network with Round Round Robin

In above mentioned graph you can see the performance of five different protocols and in which
adaptive next hop is showing better results than all other methods. We calculate the average
packet sent in the network by setting 300 mJ energy values and calculate that 87 packets sent in
the network then increase the energy value from 300 mJ to 600 mJ and calculate 198 average
packets sent at 900 and 1200 energy level average packets sent in the network were 314 and 386

simultaneously .we compare these results with other routing techniques and found our proposed
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* techniques is better than all other techniques in terms of average packet sent in the network by

sending 3,7 17 and 13 packets than other techniques.

5.5.5 Network Lifetime with Maximum Remaining Energy

As we discussed earlier that lifetime of the network means the death of first node in the network
and any network which have long lifetime is consider an efficient network. We measure the
lifetime of the network by simulating with different parameter and found that next hop routing
protocol’s resuits are better than other routing techniques. Fig 5.3 shows a graphical presentation

of all routing techniques in terms of network lifetime.

Network Lifetime
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Figure 5.8: network lifetime with maximum remaining energy

We set parameters as 300mJ energy level of each node and start the network so the first node
becomes dead after 4.71 minutes and in other routing techniques (Hybrid Adaptive) the first
node becomes dead after 4.58 minutes which means our proposed routing protocol has 0.13

minutes grater lifetime than all other routing techniques.
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5.5.6 Network Lifetime with Round Robin selection

We simulate the same matrix network lifetime with same parameter by using round robin
selection method and found that its results are also better than all other techniques the network
lifetime is 4.62. Fig 5.4 shows the graphical presentation of comparison of next hop routing

round robin selection method with other techniques.
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Figure 5.9: Network lifetime with Round Robin selection

We select energy level 300mJ for each node and then found the lifetime of the network by
checking that when the first node will become dead after 4.61 minutes the first node will become
dead then we compare these results with other techniques which shows that lifetime of the

network in our proposed protocol is .04 minutes better than all other techniques.

5.5.7 Average Network Lifetime with Maximum Remaining Energy
To find the average lifetime of the network we simulate our proposed routing protocol with four

different experiments by setting the energy level of each node by 300 mJ, 600 mJ, 900 mJ and
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1200 mJ and found that the average lifetime of the network is 4.71, 9.67, 14 and 18.89 minutes
then compare these results with other routing techniques and found that our proposed method is
much better than other techniques in terms of lifetime of the network as it has 0.13, 0.47,
0.40and 0.89 minutes more lifetime than other routing techniques. Fig 5.5 shows the graphical

presentation of the comparisons between next hop routing maximum remaining energy with

other techniques.
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Figure 5.10: Average network lifetime with maximum remaining energy
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5.5.8 Average Network Lifetime with Round Robin selection

Fig 5.6 shows the comparison of next hop routing round robin selection in with other routing

techniques in terms of average network lifetime.
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Figure 5.11: Average network lifetime with maximum remaining energy

We set the energy levels 300,600,900 and 1200 mJ for each node and then calculate the average
network lifetime of the network by using round robin selection method, network lifetime in
given energy level were 4.62, 9.48, 13.8 and 18.52. Results show that our proposed protocol is
much better than other protocol in terms of network lifetime as it has 0.04, 0.28, 0.2 and 0.52

minutes greater lifetime than other techniques.
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5.5.9 Local and remote Work

Fig 5.9 shows the graphs in which the comparison of our proposed routing protocol with other

routing techniques.
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Figure 5.12: Local and Remote work

In above graph we can see the difference between workload of node in each routing algorithm. In
direct routing method every node sends data directly to cluster head therefore all nodes doing
100 % local work and no remote work, in multi-hop technique nodes send data to its neighbor so
mostly remote work done by the node, furthermore adaptive and hybrid adaptive techniques also
keep the local and remote work of the node but next hop routing technique the best balance
between local and remote work which is 46% local work and 54 % remote work. As comparison
~ with other routing technique our proposed technique has 4 % increase in local work of the node
and 4 % decrees the remote work of the node, which keeps the good balance of work load on the
node, thus increase the efficiency of the network. The reason of this increase is efficient use of

the intermediate nodes according to the requirements and energy of the sending node.
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Chapter 6

Conclusion and Future Work
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6.1 Conclusions

Wireless sensor networks (WSN) are used for different applications, typically involving some
kind of monitoring, controlling, tracking, fire detection, landslide detection and traffic
monitoring. Direct routing and indirect routing are the two main techniques used for routing
inside the cluster. To add more flexibility and efficiency in these techniques few authors
proposed their extended versions including adaptive routing and hybrid adaptive routing. Every
new technique results in better throughput and higher network lifetime. However few
parameters, those can make the solution more efficient, are still ignored by every solution
discussed above. Almost all the solutions talk about multi-hop routing within cluster but till now
no solution describes that which and how many intermediate node should be used as next hop in
order to deliver data to cluster head. We developed a solution that on the basis of the remaining
energy calculates that which node should be selected as next hop. Moreover it is also selected

that how much distance should be covered through direct routing.

We proposed an energy efficient routing mechanism for WSN and we called it Adaptive Next
Hop Routing. In our proposed mechanism all the nodes start with one hop routing model and
send packets directly to cluster head after some time period remaining energy of some nodes
reaches up to a specific threshold so these node shift from one hop routing to muiti-hop routing.
In Multi-hop routing each node periodically calculates its remaining energy to select
intermediate node. To find out the intermediate node two main tasks have to be performed which
is the core object of the protocol first one is to find the next hop and second is to find the next
node. Next hope selection is performed on the basis of remaining energy of node, we set some

threshold.

values to select next hope for source node whenever nod’s remaining energy will be less than
specific threshold value it selects the next hope with specific distance from cluster head. After
selection of next hop then it needs to find the next node as if the number of the node in selected

group for next hop is more than one then another selection process needs to find the next node,
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so our proposed algorithm first checks the number of nodes in selected group and if there is only
one node in next hop group then it is selected as a next node but if the nodes are more than one
then we use two methods to chose the perfect node to carry the data to base station. First method
is selection of next node on the basis of maximum remaining energy in which remaining energy
of all nodes in next hope group is calculated and the node with maximum remaining energy is
selected for next node and second method is on the basis of round robin selection in which each
node in the next hope group is selected as next node for a specific time period and every node
gets equal opportunity for acting as intermediate node. This process will continuous till any of
the nod’s remaining energy becomes 0 and that node is declared as dead node and that will be the

end of network lifetime.

To obtain the results we simulate the scenarios in TOSSIM and we find that the proposed
solution is better in terms of average packet sent within the network, total packet sent by all
nodes, network lifetime etc. We also measured that how much local and remote work is done by
every node. It will help us to decide about fairness and information about coverage area. We find

that our solution is fairer in terms of local and remote work as compared to existing solutions.

6.2 Future Work

In future this work can be extended through different ways

6.2.1 Testing at Other Topologies

We test our proposed solution by deploying node in Grid topology. The work can be extended by
implementing the same solution on different other topologies, specifically the irregular topology
because if the nodes are thrown from a plane or from a Helicopter then the resulting topology
will be irregular.
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6.2.2 Mobility

To test our proposed solution we use the wireless sensor network where nodes are static and
don’t move their positions. But since mobility is becoming the demand of modern age so this
solution can also be tested over mobile sensor network. Results of our proposed solution may

vary in case of adding mobility.

~ 6.2.3 Use of Mobility Models
Different mobility methods exist. Results of one mobility model can be different as compared to
other mobility models. So if mobility is added in wireless sensor network to use our proposed

solution then the rote of different mobility models can also be analyzed.

6.2.4 Testing at Different Parameters

We obtain the results by configuring the same parameters those were configured by the
researchers who worked earlier on this topic. The reason of using the same parameters is to
compare the results efficiently. However at different other parameters, for example in very dense

network or in very spread network the results can be different.

66

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

REFERENCES

[1] LF. Akyildiz, W. Su*, Y. Sankarasubramaniam, E. Cayirci, “Wireless sensor networks: a
survey”, Computer Networks and ISDN Systems Volume 38, Issue 4, Pages 391-552.

[2] Hakala, I; Tikkakoski, M.; Kivela, I “Wireless sensor network in Environmental
Monitoring”, pp. 202 - 208, Second International Conference on Sensor Technologies and
Applications, 2008

[3] DJ. Cook and S.K. Das, John Wiley, « Wireless sensor networks”, To appear in Smart
Environments: Technologies, Protocols, and Applications, ARO Research Grant DAAD 19-02-
1-0366 ed. D.J. Cook and S.K. Das, John Wiley, New York, 2004.

[4) Katayoun Sohrabi, Jay Gao, Vishal Ailawadhi and Gregory J Pottie, “Protocols for Self-
Organization of a Wireless sensor network” Personal Communications, IEEE [see also IEEE

Wireless Communications], Vol. 7, No. 5. (2000), pp. 16-27.

[5] Chris otto, Aleksandar Milenkovié¢, Corey Sanders, Emil Jovanov “System Architecture of a
wireless body area sensor network for ubiquitous health monitoring” Journal of Mobile

Multimedia, Vol. 1, No.4 (2006) PP 307-326

[6] Goldsmith D, Liarokapis F, Malone G and Kemp J, “Augmented Reality Environmental
Monitoring Using Wireless sensor networ " iv, pp.539-544, 2008 12th International

Conference Information Visualisation, 2008

[7] Yeon-sup Lim; Sangsoon Lim; Jaehyuk Choi; Seongho Cho; Chong-kwon Kim; Yong-Woo
Lee, “A Fire Detection and Rescue Support Framework with Wireless sensor networks”,
International Conference on Convergence Information Technology, 2007. Volume , 21-23 Nov.
2007 Page(s):135 — 138.

67

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

[8] Dr Abid Ali Minhas “Power Aware Routing Protocols for Wireless ad hoc Sensor Networks™
Phd thesis Graz University of Technology, Graz, Austria March 2007

[9] Ashish Babbar “Energy Aware Routing in Wireless sensor networks” 2008.

[10] Kemal Akkaya , Mohamed Younis “A survey on routing protocols for wireless sensor

networks” Ad Hoc Networks 3 (2005) 325-349

[11] Jamil Ibriq and Imad Mahgoub, “Cluser-Based Rouitng in Wireless sensor networks: Issues
and Challenges 2004 International Symposium on Performance Evaluation of Computer and
Telecommunication Systems (SPECTS'04)

[12] Anh Tuan Hoang and Mehul Motani, “Collaborative Broadcasting and Compression in
Cluster-Based Wireless sensor networks”, IACM Transactions on Sensor Networks, Vol. 3, No.

3, Article 17, Publication date: August 2007

[13] M. Goyeneche, J. Villadangos, J.J. Astrain, M. Prieto, A. C’ordoba, “A Distributed Data
Gathering Algorithm for Wireless sensor networks with Uniform Architecture”, in Parallel,
- Distributed and Network-Based Processing, Issue Date: 7-9 Feb. 2007 On page(s): 373 - 380
2007.

[14] Seema Bandyopadhyay and Edward J. Coyle, “An Energy Efficient Hierarchical Clustering
Algorithm for Wireless sensor networks”, INFOCOM 2003. Twenty-Second Annual Joint
Conference of the IEEE Computer and Communications. IEEE Societies, vol.3, Pages 1713 -
1723, 2003

[15] Ming Ma and Yuanyuan Yang, “Clustering and Load Balancing in Hybrid Sensor Networks

with Mobile Cluster Heads”, ACM Third International Conference in Quality Of Service In
Heterogeneous Wired/Wireless Networks Waterloo, ON, Canada © 2006 ACM 1-59593-472-3

68

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

[16] Wendi Rabiner Heinzelman, Anantha Chandrakasan, and Hari Balakrishnan, “Energy-
Efficient Communication Protocol forWireless Microsensor Networks”, in Proceedings of the

33rd Hawaii International Conference on System Sciences, 10 pp. vol.2, 2000

[17] Nauman Israr and Irfan Awan, “Multihop clustering algorithm for load balancing in wireless
sensor networks” Journal of SIMULATION Vol. 8 No. 1

[18] Tao Wu and Subir Biswas, “Reducing Inter-cluster TDMA Interference by Adaptive MAC
Allocation in Sensor Networks”, in Proceedings of the Sixth IEEE International Symposium on a
World of Wireless Mobile and Multimedia Networks, Pages 507 — 511, 2005.

[19] Irfan Ahmed, Mugen Peng, Prof. Wenbo Wang, “A Unified Energy Efficient Cluster ID
based Routing Scheme for Wireless sensor networks — A more Realistic Analysis”, in Third
International Conference on Networking and Services ,Pages 86, 2007.

[20] Raja Adeel Akhtar et al, “A Novel Technique, Adaptive Intra-cluster Routing For Wireless

sensor networks”, MS thesis, International Islamic University [slamabad, 2009

[21] Bashir Ahmed “An Energy Efficient & Hybrid Adaptive Intra-cluster Routing For Wireless

~ sensor networks” MS thesis, International Islamic University Islamaabad 2010

[22] http://blogs.dolcera.com/blog/2009/08/02/wireless sensor networks-a-report/
[23]http://zone.ni.com/devzone/cda/tut/p/id/8707

[24] http://www.cse.wust]. edu/~gwh2/equipment/

[25] http://www.opnet.com/.

[26] http://en.wikipedia.org/wiki/Wireless sensor_network

69

Zia ur Rehman 573-FBAS/MSCS/F09



An Energy Efficient & Hybrid Adaptive Next Hop Routing For Wireless Sensor Networks

[27] TOSSIM: A Simulator for TinyOS Networks”, Philip Levis and Nelson Lee. UC Berkeley
September 17, 2003.

[28] http:/www.tinyos.net

[29] http://docs.tinyos.net/index.php/Nesc

[30] SensorSim”[http://nesl.ee.ucla.edu/projects/sensorsim/]

70

Zia ur Rehman 573-FBAS/MSCS/F09



