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Abstract

Cognitive Radio Network (CRN) introduced to solve the problem of spectrum
scarcity by taking advantage of the unused spectrum. Cognitive Radio Ad-hoc
Networks (CRAHNs) considered as one kind of different types of cognitive radio
networks it operates without infrastructure and this lead to various challenge in data
routing like frequent topology change, spectrum availability and intermittent
connectivity caused by the Primary User (PU).The new routing protocols in
cognitive radio network can solve that challenges but they introduced various

shortage like the resource consumption and route complicity procedure.

In this thesis a new node model with a new routing protocol for (CRAHNS)
referred as Cognitive Improved Ad-hoc On Demand Distance Vector (CIAODV)
has been proposed with an aim to eliminate the overhead, resource consumption and
taking advantage of conventional Ad-hoc On demand Distance Vector (AODV)
protocol which considered as the most suitable protocol to dynamic and

infrastructure less networks.

We evaluate the performance of CIAODV against AODV, the proposed
protocol find out a stable route with the property of working coexist with the AODV
nodes. Our simulation results indicate that the proposed algorithm achieves better
performance in terms of throughput, end to end delay, packet delivery ratio and
overhead. The performance evaluation has been conducted using OMNET-++

simulator.



saliiaal)

eddiue )l Cindall (e 3alELY1 DA (e Caglall 305 ASED s Caad SIaY) gl )1 K0S
iy Oen Jend Al Adlisall S pa¥) gl I lSes JISE) (e Baad g et A58 all AS) H0Y) IS
Caaall 8] 53y Sl IS s 3 S Jile ULl s 65 Jlae G ddliae Cilbasd () (ga5 a5 d4iaS
A gl 1) ASeE sl g il Y S i g el adinall s o aalill adaiiall JuaiV)
Ala) el jal Adiat g 3 ) sal) DR Sl A i ] LT g cibaadl) @l Jad o (Kag AS) 5aY)
cnidl Lol

) sall Blgial 5 alill o eliadll Cangy dpaa daa o8 J S 5 ) ) o3 da g 5kl o0 (8
ASaalipal) SISl duilia Y S5 5 pall HIS) iy 52l AODV sl J 58 555 5l) (e 82ELY) 2
Aial) i) deania

OLs) oL A jaiall 5 3 e S aae dsa gl dagi aldll sy 81500 gl ) ASWE B
IS5 o i - yall J S 5 all (ol padionall (s3e (g Lie (mams 5 0A () (525 Lae el sl
iaall gl Jli 1 ALYl Al QT g e jluse Glenal 2 ja J8V1 5 jea ¥ aladind 5 Lol

JsS sl o)) slSlaall il il OMNE T+ 88laall zeali s aladiiuly o1aY) anii o) jal a3
el 5 555 5al) e A3 ally il g Ay 8 55 (8 Juadl el Gy sl

TABLE OF CONTENTS

LIST OF FIGURES......outiieienientennennesnnesnesnessesssesssesssssssssssssasssessasssssssssssasssessassans \41!

LIST OF ABBREVIATIONS......ooiiniininneniesnnsnennessnsssessasssesssessssssasssssssesssssassssesss IX




CHAPTER ONE: INTRODUCTION.....uucevininsuissensaessanssessanssasssessssssasssssssssssssssssssssass 1
1.1 INTRODUCTION......ccotiiiieiietteieeteit ettt ettt aeenaesneeseeneens 1
1.2 MOTIVATION. ..ottt ettt ettt ettt s e et e e e enseeneenseensesneans 2

1.3 RESEARCH CONTRIBUTIONS......cctiiiieieeieseee e 2
1.4 THESIS ORGANIZATION.....ooiioieiieeetee ettt 3

CHAPTER TWO: COGNITIVE RADIO PAR ADIGM.......ccccceverrurcrerscnessurssessacssnses 4

2.1 INTRODUCTION......ooitiiiiiiieiieiestee ettt st sae s sse e sseeseensesneenees 4
2.2 SPECHIUM SCATCILY .. .. ettt ittt et 4
2.3 Cognitive Radio Technology............oooviiiiiiiiii i, 8

2.4 Cognitive Radio NetWorks. ... ...o.oiuiiiii e, 13

2.5 Cognitive Radio Ad-hoc Networks. .........ccoiuiiiiiiiiiiii e 17

2.5.1 Classical Ad-hoc Networks vs. CRAHNS.........oooiiiiiiiiiiiiiiiiiiiiea 17
2.5.2 Spectrum Management Framework...................oo 18

CHAPTER THREE: Routing in Cognitive Radio Ad-Hoc Networks................ 24




3.1 INtrOdUCHION. ...t 24
3.2 Network layer for CRAHNS. ..o e, 25
3.2.1 Basic framework. ... ... 25
3.3 Routing in CRAHNS. ..ot e e 27
3.3.1Routing challenges in CRAHNS. ........oooiiiiiiii e 27
3.3.2 Design challenges of routing in this network...................... 29
3.4 Solutions for the Three Main Challenges..............coooviiiiiiiiiiiiiiiinn 31
3.4.1 Routing schemes based on full spectrum knowledge: .............................. 31
3.4.2 Routing schemes based on local spectrum knowledge: ............................ 32
CHAPTER FOUR: ROUTING PROTOCOL IN COGNITIVE RADIO ADHOC | 38
NETWORK. ...couiiuiiiiiiiiiniieiiiiiiiaiietittisntsesssssssssssssssssssssssssssssasssssssnses
4.1 INEPOAUCION. . ..ottt e 38
4.2 CLASSIFICATION OF ROUTING PROTOCOLS FOR CRAHNS............. 40
4.2.1 Based on Channel SWitching ............ccooiiiiiiiiiiii e 41
4.2.1.1C-DSDV Protocol ..., 41




4.2.2 Based in Link Modeling............coiiiiiiiii e 42
Based on Geographic forwarding..............coooiiiiiiiiiiiiii i 423 | 44
SEARCH Protocol - Spectrum Aware Routing protocol ........................ 4231 47
4.2.4 Based on Spectrum AWAarCNESS: . ..ouuinreenteententeteantenteaneeeenreaneeneannennns 48
4.2.4.1 SER - Spectrum and Energy Aware Routing Protocol........................... 48
4.2.5 Based on ConNECtIVILY: ...uuintitt ittt et eene e 49
GYMEKHANA Protocol.......oouiniiiii e 4251 49
4.3 Adaptation of on-demand routing to CRAHNS..............oooiiiiiiiiiinin. 50
CHAPTER FIVE: COGNITIVE IMPROVED AODV ROUTING PROTOCOL
FOR COGNITIVE ADHOC NETWORK......ciittitiiiiiniiiiinricrennrcencscocnnsn 59
ST INrOAUCTION ..nett et e 59
5.2 The Node Model of Cognitive Radio Capability ..............coocviiiiiiiiiiiian.. 60
5.2.1 Physical module: (PHY layer).........ccooiiiiiiiiiiiieeee 60
5.2.2Cross layer aware MAC protocol (C-AMAC).......ccviviiiiiiiiiiiiiii s 61




AODV Routing Protocol .........cuiiiriiiiii e 5.3 63
5.3.1 Method of transmission in AODV protocol..............ccooeiiiiiiiiiiiiiiiinn, 65
The Cognitive Improved AODV (CIAODV) protocol...........ccoovvvviiiininnnn. 5.4 66

69

5.5 Simulation Set UP PArameETer. . .. ..ovueineit it
5.6 CONCIUSION. ... ettt e 75
CHAPTER SIX: CONCLUSION & FUTURE WORK 76

6.1 CONCLUSION.......etiitiie ettt et ettt ettt s e s be et e steesaeeenbeesnnesnseans 76
0.2 FUTURE WORK ..ottt 77

REFERENCES........coiiiiiintininninsaisssisesssisssissesssissssssesssssssssssssssssssssssssssssssssssss 78

Finally we evaluate the performance of the new protocol and compare
the results with the old one by discussing the advantage and disadvantage for both
.From simulations we found that the new protocol has better performance in the

terms of throughput, PDR, End To End delay and overhead.



6.2 Future Work

Various improvements can be addressed in future projects concerning
network topology, node description and spectrum utility. In the same area an

improved work can be done as below:

e Taking into account the availability of primary user by adding spectrum
aware capability to avoid interference with it.

e Adding mobility aware channel to ensure the best selection of the node has
the minimum movement to get the minimum hop count and improve the
network stability.

e An enhancement in CIAODYV protocol in the routing schemes like route
selection and maintenance to cover their limitation can be carried out.

The protocol performance can be evaluated by using more performance metrics to

cover larger area of studies.






